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FOREWARD

The Third National Conference on Weigh-in-Motion (WIM) was held to share
information and experlence on this rapldly advancing technology. The first such
conference was held in Denver, Colorado in 1983 and explored the technology in
its infancy. The Conference looked ahead to experimentation, testing, and
demonstratmg the capabilities of WIM. A second conference was held in Atlanta,
Georgia in 1985. WIM use and interest had grown from a handful of states to a
majority of states and the conference looked ahead to the use of WIM data for
enforcement, design, and pavement management

The third national conference on WIM was attended by representatives from all
50 states and eight foreign countries. Presentations and demonstrations clearly
revealed wide spread acceptance and use of WIM for both enforcement of vehicle
weight laws, pavement design, and management.

This conference looked forward toward wide deployment of WIM made possible by
low cost WIM sensors; toward expanded use of WIM data for enforcement

- planning, screening, and possibly even prosecution of overweight vehicles; and

toward integration of WIM with other technologies as an accepted, powerful tool
for states to effectively manage the highways.

The immediate prospects for WIM are exciting, the future outlook is bright, and
the applications seem endless! We thank all of the participants, speakers, and
equipment suppliers who helped make this an exciting and successful conference.
A special thank you to the Federal Highway Administration whose sponsorship
and support made it possible.

‘Wisconsin Iowa Minnesota
George Novenski - Bill McCall Dick Stehr
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HENION, LOYD (503) 378-4081
OREGON DOT

325 13TH STREET

SALEM, OR 97310

HERALD, DAVID L. (502) 564-7000
KY DEPT OF VEH REGULATION
STATE OFFICE BLDG. RM. 207
FRANKFORT, KY 40601

HERBOLD, KEITH D. (312) 799-6300
FHWA

18209 DIXIE HIGHWAY
HOMEWOOD, IL 60430

HERBSTER, KEITH (402) 479-4670
NE DEPT OF ROADS

1500 NEBRASKA HWY 2
LINCOLN, NE 68502

HEY, JOHN (515) 239-1282
IOWA DOT

800 LINCOLN WAY
AMES, 1A 50010

HICKLING, ROBERT (517) 337-6195
MICHIGAN STATE POLICE

300 N. CLIPPERT

LANSING, MI 48913

HICKMAN, ROBERT E.
(303) 236-3327
FHWA - REGION 8
555 ZANG ST ROOM 400
LAKEWOOD, CO 80228

HIGGINS, WAYNE R. (414) 797-9097
TRAFFIC ENG SERVICES INC
13000 W. BLUEMOUND RD #205
ELM GROVE, WI 53122

HILL, LOREN (612) 297-2579
MN\DOT

ROOM 707 TRANSP. BLDG.
ST. PAUL, MN 55155

HOLLIS, ROBERT E. (504) 389-0400
FHWA - LOUISIANA

750 FLORIDA BLVD

P.O. BOX 3929

BATON ROUGE, LA 70821

HOLMES, LT VAN (301) 799-8822
TRUCK ENFORCEMENT CENTER .
7777 WASHINGTON BLVD

JESSUP, MD 20794

HUCKINS, BILL (614) 438-4700
TOLEDO SCALE

6600 HUNTLEY RD
COLUMBUS, OH 43229

HUFT, DAVID L. (605) 773-3292
SOUTH DAKOTA DOT

700 BROADWAY AVENUE EAST
PIERRE, SD 57501

HUGHES, ANDY (404) 347-4757
FHWA - GEORGIA DIVISION
1720 PEACHTREE RD, NE #300
ATLANTA, GA 30367
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HUGHES, BILL (913) 296-4286

KANSAS DOT
8TH FLR DOCKING ST. OFF. BLDG

- TOPEKA, KS 66612

HUGHES, PHILIP A. (617) 973-7330
MASS DEPT PUBLIC WORKS

10 PARK PLAZA ROOM 4150
BOSTON, MA 02116

HUOT, RAY (617) 481-1411

PAT EQUIPMENT CORPORATION
237 CEDAR HILL STREET
MARLBORO, MA 01752

HUSTON, ROBERT J. (805) 378-2702
PAT EQUIPMENT CORP

6101 CONDOR DRIVE

MAIL STATION 21

MOORPARK, CA 93021

‘INGBERG DICK (612) 296-3469
“SHRP

1404 CONCORDIA AVENUE
ST PAUL, MN 55104

JACOBSON, DENNIS (701) 224-2513

ND STATE HIGHWAY DEPT
600 EAST BLVD .
BISMARCK, ND 58505

JENKINS BUD. (602) 255'8340
ARIZONA DOT

1801 W. JEFFERSON 520M
PHOENIX, AZ 85007

JOHNSON RICHARD (609) 292- 7665
NEW JERSEY DOT

1035 PARKWAY AVE

TRENTON, NJ 08625

JORDAN, BILL T. (913) 295-2565
FHWA -

444 SE QUINCY ST

TOPEKA, KS 66683

JUBA, FREDERICK R.

(717) 787-4033
PA DOT - TRUCK WEIGHT DIV
RM 1013A T&S BUILDING
HARRISBURG, PA 17120

JUCKEL, PAUL H. (612) 297-4441
MN\DOT

381 REHNBERG PLACE

WEST ST PAUL, MN 55118

JUHASZ, BARNA (202) 366-4044
FHWA/PLAN ANALYSIS DIV
400 7TH ST SW RM 3301 HPN-20
WASHINGTON, DC 20590

KARL, SGT CALVIN D.
(612) 296-0502

MINN STATE PATROL

100 STOCKYARD ROAD RM 252 °

SO ST PAUL, MN 55075

KAUER, DR HARALD
PIETZSCH GROUP A.G.
HERTZSTRASSE 32-34
ETLINGEN WG D7505 -

KEAZER, BRAD  (203) 240-3704
FHWA
450 MAIN ST RM 635

'HARTFORD CT 06103

KEITH, THOMAS E. (314) 751-1825
MISSOURI HWY & TRANSP
P.O.BOX 270 -

" JEFFERSON CITY, MO 65102

KELLY, JAMES (512) 327-9439
AVIAR INC

P.O. BOX 1062 184

AUSTIN, TX 78716

KELLY, MARTIN F. (205) 832-7377
FHWA - ALABAMA

441 HIGH ST

MONTGOMERY, AL 36104

KENT, GEOFF 0908-75742

G.K. INSTRUMENTS LTD
SIMPSON ROAD MILTON KEYNES
BUCKINGHAMSHIRE EN ‘

KENT, PERRY M. . (202) 366-5053
FHWA

400 7TH ST SW

WASHINGTON, DC 20590

KERCHER, KEITH J. (317) 463-1521
IN DEPT OF HIGHWAYS

P.0. BOX 2279 1205 MONTGOMERY
WEST LAFAYETTE, IN 47906

KETNER, ROBERT (804) 786-2810
VIRGINIA DOT

1221 EAST BROAD STREET
RICHMOND, VA 23219

KIEFFER, DON  (612) 296-1676
MN\DOT

RM 813 TRANS BLDG

JOHN IRELAND BLVD

ST PAUL, MN 55155

KISSELBURG JR:, WILLIS
(415) 974-7001

FHWA

211 MAIN ROOM 1100

SAN FRANCISCO, CA 94105

KLOSTERMAN, DALE F.
(608) 266-2752

WISCONSIN DOT '

4802 SHEBOYGAN AV HFSTB

P.O. BOX 7913

MADISON, WI 53707

KOCHEVAR, ROGER  (612) 296-7419
MN\DOT

455 RICE STREET

ST PAUL, MN 55103

KOTTLOWSKI, ROGER M.

(317) 634-9912
WETZEL ENG. INC
222 N. NEW JERSEY ST SUITE 100
INDIANAPOLIS, IN 46204

KROLL, ROBERT (612) 476-2531
INTERCOMP CO

14465 23RD AVE N

MPLS, MN 55447

KRUKAR, MILAN (503) 378-4082
OREGON DOT

325 13TH ST, NE #605,

SALEM, OR 97310

KYLE, TOM (616) 894-9051
CMI DYNAMICS

5353 WILCOX
MONTAGUE, MI 49437

LAIL, MIKE (204) 945-3779
MANITOBA HWYS & TRANSP
14TH FLOOR -

215 GARRY STREET
WINNIPEG MB R3C 3Z1

LANG, PAUL (302) 734-5323
FHWA

300°S. NEW STREET
DOVER, DE 19901

LEE, DR CLYDE E. (512) 471-4549
UNIV OF TEXAS AT AUSTIN

DEPT CIVIL ENGINEERING ECJ 4.2
AUSTIN, TX 78712

LEE, ROBERT M. (603) 271-1625
NEW HAMPSHIRE DOT

P.O. BOX 483

CONCORD, NH 03302

LEGG, JERRY L. (304) 348-2864

W. VIRGINIA DEPT OF HWYS

1900 WASHINGTON ST E. RM A-857
CHARLESTON, WV 25305

LEMIEUX, RICHARD (603) 225-1643
FHWA ‘
RFD 4 BOX 479 B

CONTOOCOOK, NH 03229



LEVINE, LEONARD (612) 296-3000
MN\DOT COMMISSIONER

TRANS BLDG JOHN IRELAND
BLVD

ST PAUL, MN 55155

LIIBBE, JERRY L. (612) 290-3261
FHWA - MINNESOTA

SUITE 490 METRO SQ BLDG
7TH & ROBERT

ST PAUL, MN 55101

LILL, RICHARD A. (703) 838-1789
AMERICAN TRUCKING ASSN
2200 MILL ROAD

ALEXANDRIA, VA 22314

LIPPERT, DAVID L. (217) 782-7820
ILLINOIS DOT

126 E. ASH ST

SPRINGFIELD, IL 62704

LIU, DR DAVID W. (916) 366-0632
IMBSEN & ASSOCIATES INC

9833 HORN ROAD SUITE C
SACRAMENTO, CA 95827

LONG, JIMMY B. (817) 334-4376
FHWA

819 TAYLOR STREET

FORT WORTH, TX 76102

LONGENECKER, KEITH E.
(208) 334-8204
IDAHO DOT ’
3311 WEST STATE STREET
P.O. BOX 7129

BOISE, ID 83767

LOUISANNA, CRAIG (612) 893-1828
MOTOROLA

7808 GLENROY RD SUITE 110
MPLS, MN 55435

LOWE, JOHN B. (403) 422-2750
ALBERTA TRANS & UTIL
4999 98 AV 1ST FLOOR

TWIN ATRIA BLDG
EDMONTON AB T6B 2X3

LUND, STEVEN (612) 296-4878
MN\DOT

ROOM B-9 TRANS BLDG

ST PAUL, MN 55155

LUNDE, BLAIR (605) 773-3278
SOUTH DAKOTA DOT

700 BROADWAY AVENUE EAST
PIERRE, SD 57501

MACK, AVON (301) 799-8822
MARYLAND STATE POLICE
5039 CLIFFORD RD

PERRY HALL, MD 21128

MACKERTICH, ANNE-MARIE
(203) 666-2309

CONN DOT

280 WEST STREET

PAVEMENT MGMT DIV

ROCKY HILL, CT 06067

MACKLAY, GALE W. (304) 347-5931
FHWA

216 WOODBRIDGE DR
CHARLESTON, WV 25311
MADEK, JOSEPH (508) 481-1411
PAT EQUIPMENT CORPORATION
237 CEDAR HILL STREET
MARLBORO, MA 01752

MAIDI, SAID (409) 845-3211
TEXAS TRANS INST

3902 E. 29TH NO. M-8
BRYAN, TX 77802

MANCH, ANTHONY J. (614
466-4224 :
OHIO DOT

25 S. FRONT ST
COLUMBUS, OH 43215

MANGER, BOB (803) 737-1444
S.C. DEPT HWY & PUB TRAN
P.O. BOX 191

COLUMBIA, SC 29202

MANN, JOHN (606) 277-3411
JACK MANN SCALES INC
1958 HARRODSBURG ROAD
LEXINGTON, KY 40503

MARKS, MANUEL (717) 782-3759
FHWA

5506 SILVERCREEK DRIVE
MECHANICSBURG, PA 17055

MARTIN, JAMES E. (215) 322-6344
JAMAR SALES COMPANY INC
1170 ORCHID ROAD
WARMINSTER, PA 18974

DELAWARE DOT
P.O. BOX 778
DOVER, DE 19903

MATSEN, DAVID W. (302) 736-5618

MAZRIA, EDWARD (505) 988-5309
MAZRIA ASSOC. INC.

P.O. BOX 8380

SANTA FE, NM 87504

McCALL, BILL (515) 239-1682
IOWA DOT

800 LINCOLN WAY

AMES, 1A 50010

McCLENAHAN, JOHN . (505) 827-5380
NEW MEXICO HWY&TRANS DEPT
P.O. BOX 1149

SANTA FE, NM 87501

McCOLLAM, WAYNE A.
(701) 255-4011

FHWA

P.0. BOX 1755

BISMARCK, ND 58502

McDONALD, MARY (802) 828-2704
AGENCY OF TRANSPORTATION
133 STATE STREET
MONTPELIER, VT 05602

McELHANEY, DAVID R.
(202) 366-0180
FHWA
400 7TH STREET SW ROOM 3306
WASHINGTON, DC 20590

McLANE, RICHARD (217) 492-4638
FHWA

320 W. WASHINGTON
SPRINGFIELD, IL 62701

McLEROY, CHAS E. (817) 334-3330
FHWA

819 TAYLOR STREET

FORT WORTH, TX 76102

McQUISTON, ROBERT T.
(202) 366-2156

FHWA

PAVEMENT DIV (HHQ-11)

400 SEVENTH ST. SW

WASHINGTON, DC 20590

McWATERS, BRIAN (515) 239-1519
IOWA DOT

800 LINCOLN WAY

AMES, IA 50010

MEADOR, TIM (616) 894-9051
CMI DYNAMICS

5353 WILCOX

MONTAGUE, MI 49437

MEARS, STEVE 0908-75742

G.K. INSTRUMENTS LTD
SIMPSON ROAD MILTON KEYNES
BUCKINGHAMSHIRE EN

MESSNER, WILLIAM H.
(203) 666-2309

CONNECTICUT DOT

24 WOLCOTT HILL ROAD

WETHERSFIELD, CT 06109

MICKLER, WILLIAM (904) 488-7920
FLORIDA DOT

3522 CASTLEBAR CIRCLE
TALLAHASSEE, FL 32308
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MILLER, DAVID C. (605) 224-8033
FHWA

P.0. BOX 700

PIERRE, SD 57501

MILLER, DENNIS (202) 366-4026
FHWA

400 7TH ST SW

WASHINGTON, DC 20590

MILLER, DONALD G. (515) 239-1046
IOWA DOT

800 LINCOLN WAY

AMES, IA 50010

MILLER, THEODORE (512) 482-5917
FHWA - TEXAS

8413 ADIRONDACK TRAIL

AUSTIN, TX 78759

MITTELSTEDT, DENNIS

(602) 261-3646
FHWA
234 N. CENTRAL AVE SUITE 330
PHOENIX, AZ 85282

MIYAZONO, KENNETH M.

(808) 548-3228
HAWAII STATE DOT ,
600 KAPIOLANI BLVD SUITE 308
HONOLULU, HI 96813

MOREHOUSE, ALICE- (608) 2679522
WI DIV OF STATE PATROL

4802 SHEBOYGAN AV

P.0. BOX 7912

MADISON, WI 53707

MORENO, STEPHEN (907) 586-7431
FHWA - ALASKA

P.O. BOX 21648

JUNEAU, AK 99802

MORGAN, RICHARD (202) 366-2242
FHWA

400 7TH ST SW

WASHINGTON DC 20590

MOSES, HAROLD L. (612) 645-0381

HYMAN FREIGHTWAYS INC
2380 WYCLIFF
ST PAUL, MN 55114

MUMAYIZ, DR SAL (312) 996-4658
UNIV OF IL AT CHICAGO
URBAN TRANS CTR BOX 4348-357
CHICAGO, IL 60680

NAGLE, JOHN (317) 463-1521
INDIANA DEPT OF HWYS
RM 1205 100 N. SENATE
INDIANAPOLIS, IN 46204

NEFF, TOM (206) 753-6856
WASHINGTON STATE PATROL
4242 MARTIN WAY

OLYMPIA, WA 98504

NEUKAM, JOHN T. (301) 333-1369
MARYLAND DOT

707 N. CALVERT ST
BALTIMORE, MD 21203

NIESSNER, CHARLES W.
(202) 334-3774

SHRP '

818 CONN. AVE NW 4TH FLR

WASHINGTON, DC 20006

NIEVES, MANUEL J.
PUERTO RICO HWY AUTHORITY
P.O. BOX 3909

- SAN JUAN, PR 00936

NOSTRAND JR., WILLIAM A.
(202) 366-1335

FHWA

400 7TH ST SW

WASHINGTON, DC 20590

NOVENSKI, GEORGE . J.
(608) 266-0169

WISCONSIN DOT

P.O. BOX 7913

MADISON, WI 53707

O’CONNELL, WALTER
(301) 340-6800
GOLDEN RIVER CORP
7672 STANDISH PLACE
ROCKVILLE, MD 20855

ODELL, LT. TOMMY A.
(803) 737-1069
S.C. HIGHWAY PATROL
P.O. BOX 191
COLUMBIA, SC 29202

ORTH, PAUL (605) 773-3278
SOUTH DAKOTA DOT

700 BROADWAY AVENUE EAST
PIERRE, SD 57501

ORTHMEYER, ROBERT L.

‘ (612) 644-2996
BRAUN PAVEMENT TECH
1404 CONCORDIA AVENUE
ST PAUL, MN 55104

OWENS, HARRY (614) 438-4700
TOLEDO SCALE CORP
6600 HUNTLEY ROAD
COLUMBUS, OH 43229

PACHOLKA, BILL (306) 787-8336
SASKATCHEWAN HIGHWAYS
1855 VICTORIA AV

REGINA SK §84P3V5

PAGE, VIRGIL W. (904) 681-7247
FHWA

6423 COUNT TURF TRAIL
TALLAHASSEE, FL. 32308

PAGNUCCO, ROBERT
(403) 340-5225

MOTOR TRANS SVCS

4920 - 51 ST

4TH FLOOR PROVINCIAL BLDG

RED DEER AB T4N 6K8

PALMERI, FRANK (616) 342-3023
EATON AXLE & BRAKE DIV.
P.O. BOX 4008

KALAMAZOO, MI 49003

PARTRIDGE, BARRY K.
(317) 463-1521

IN DEPT OF HIGHWAYS

P.O. BOX 2279

1205 MONTGOMERY

WEST LAFAYETTE, IN 47906

PATRON, FRED P. (503) 399-5749
FHWA

530 CENTER, NE SUITE 100
SALEM, OR 97301

PATTEN, JIM (503) 644-4346
MOTOROLA

12655 SW CENTER ST SUITE 400
BEAVERTON, OR 97005

PAULSON, DALE W. (406) 449-5306
FHWA

301 S. PARK FED. OFFICE BLDG
HELENA, MT 59626

PERKINS, DAVID D. (602) 624-2306
JHK & ASSOCIATES ‘

110 SOUTH CHURCH AVE SUITE
470

TUCSON, AZ 85741

PETERSON, GORDON W.
(515) 239-1282

IOWA DOT

800 LINCOLN WAY

AMES, 1A 50010

PIERCE, JEFFREY A.

(601) 354-7172
MISSISSIPPI ST HWY DEPT
P.O. BOX 1850
JACKSON, MS 39215




PTAK, THOMAS J. (816) 926-7566
FHWA

6301 ROCKHILL ROAD

P.O. BOX 419715

KANAS CITY, MO 64141

PUTZIER, EVELYN M.

(605) 773-3335
SOUTH DAKOTA DOT
700 BROADWAY AVE EAST
PIERRE, SD 57501

QUAIL, LEE (614) 687-0391
CIM S.I LTDA.

RUA SAO JOSE 90-GR 1907
RIO DE JANEIAO BR 20.010

RADICE, PETE (215) 666-3523
PENWALT CORP

438 SPRINGHOUSE RD

KING OF PRUSSIA, PA 19406

RAMBO, RAY L. (217) 785-2999
ILLINOIS DOT

2300 S. DIRKSEN PARKWAY
SPRINGFIELD, IL 62764

REEL, RICK (904) 488-4999
FLORIDA DOT

605 SUWANNEE ST
TALLAHASSEE, FL 32301

REINDOLLAR, TOM (717) 787-2886
PENNSYLVANIA DOT

RM 909 T. & S. BLDG’
HARRISBURG, PA 17120

RHOADES, ROBERT (317) 463-1521
INDIANA DEPT OF HWYS

100 N. SENATE AVE RM 1202
INDIANAPOLIS, IN 46204

RICHARDSON, WILLIE

(601) 359-1082
MISS. STATE TAX COMM.
P.0. BOX'1033
JACKSON, MS 39215

RIVERA, ANGELO *(614) 438-4700
TOLEDO SCALE CORP

6600 HUNTLEY RD

COLUMBUS, OH 43229

ROBERT, MARC (418) 643-7978
MIN DES TRANSPORTS
SERVICE SOLS ET CHAUSSEES
200 DORCHESTER

QUEBEC PQ GIK 5Z1

ROBERTSON, NEAL (804) 293-1922
VA TRANS RESEARCH COUNCIL
P.O. BOX 3817

UNIVERSITY STATION
CHARLOTTESVILLE, VA 22903

ROBERTSON, RICHARD
(202) 366-0585

FHWA

400 TTH ST SW

WASHINGTON, DC 20590

ROWLANDS, STEVE (614) 43847
TOLEDO SCALE CORP
6600 HUNTLEY ROAD
COLUMBUS, OH 43229

RUSSELL, TOM (404) 347-4499
FHWA

1720 PEACHTREE RD SUITE 200
ATLANTA, GA 30367

SAHIN, DR ALI (301) 454-8133
UNIVERSITY OF MARYLAND
DEPT OF CIVIL ENG
COLLEGE PARK, MD 20742

SAKAGUCHI, ROBERT K.
(303) 757-9818
COLORADO DEPT OF HWYS
4201 E. ARKANSAS AVE
DENVER, CO 80222

SAYNE, CAPT RICHARD
(615) 693-7311
TN DEPT OF SAFETY
1150 FOSTER AVE
NASHVILLE, TN 37210

SCHIERMAN, DARRELL
(612) 296-0843

MN DOT

TRUCK CENTER

S. ST PAUL, MN 55075

SCHOENHARD, LARRY
(605) 7733278

SOUTH DAKOTA DOT

700 BROADWAY AVENUE EAST

PIERRE, SD 57501

SERMET, SAM (515) 239-1082
IOWA DOT

800 LINCOLN WAY

AMES, 1A 50010

00

SHRIVER, RONALD A.
(612) 290-3246

FHWA MINNESOTA

5751 DEER TRAIL

WOODBURY, MN 55125

SHULLER, ED (919) 733-3141
NORTH CAROLINA DOT
P.O. BOX 25744

RALEIGH, NC 27611

SILVA, ED (617) 494-2255
FHWA

55 BROADWAY
CAMBRIDGE, MA 02142

SILVERSMITH, PAUL (203) 666-2309
CONN DOT

DRAWER A

WETHERSFIELD, CT 06109

SIMONS, PATTI (515) 239-1282
IOWA DOT

800 LINCOLN WAY

AMES, IA 50010

SKAER, FRED (202) 366-2050
FHWA

400 7TH ST SW RM 6320
WASHINGTON, DC 20590

SKOK JR, EUGENE L.
(612) 644-2996

BRAUN PAVEMENT TECH

1404 CONCORDIA AVE

ST PAUL, MN 55104

SMALLEY, D M. (317) 241-5069
INDIANA STATE POLICE

1810 SO LYNHURST DR
INDIANAPOLIS, IN 46241

SNYDER, RICHARD E.

(216) 229-8400
BRIDGE WEIGHING SYSTEMS INC
UNIV. CIR RESEARCH CTR.#1
11000 CEDAR AV
CLEVELAND, OH 44106

SOLURY, ANTHONY 1.

(804) 7712775
FHWA - VIRGINIA DIVISION
P.O. BOX 10045
RICHMOND, VA 23240

SOMMERVILLE, DR FRASER
(703) 771-0020

CASTLE ROCK CONSULTANTS

18 LIBERTY ST

LEESBURG, VA 22075

SORENSON, JIM B. (503) 221-2071
FHWA - REGION 10

708 SW 3RD AVE

PORTLAND, OR 97204

SOUTHGATE, HERBERT
(606) 278-9259
COLLEGE OF ENGINEERING
UNIVERSITY OF KENTUCKY
LEXINGTON, KY 40506
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SPANN, DEE (816) 926-5236
FHWA - REGION 7

6301 ROCKHILL ROAD
P.0. BOX 19715

'KANSAS CITY, MO 64141

STAHL, DONALD W. (919) 733-7872

DMV ENFORCEMENT SECTION
1100 NEW BERN AVE
RALEIGH, NC 27697

STARTZ, CLARENCE ' (913) 296—3841
KANSAS DOT ‘
ROOM 816N DOCKING ST OFF
TOPEKA, KS 66612

STEEN, DONALD A. (516) 931-6200

AMPEREX ELECTRONIC CO
230 DUFFY AVENUE
HICKSVILLE, NY 11802

STEHR, RICHARD (612) 296-7968
MN\DOT

TRANS BLDG JOHN IRELAND'
BLVD ,

ST PAUL, MN 55155

STEIN, PAUL P. (608) 266-8678
WISCONSIN DOT

P.0. BOX 7913

MADISON, WI 53707

STEINER, PAUL F.  (602) 882-2650
PIMA COUNTY DOT

1313 S. MISSION RD

TUCSON, AZ 85713

STEVENS, JOSEPH G.

(919) 790-2854
FHWA
4505 FALLS NEUSE RD
SOMERSET CTR SU 470
RALEIGH, NC 27609

STOCKFISCH CHARLES R.
(202) 366-1130

FHWA ,

400 7TH STREET S.W.

WASHINGTON, DC 20590

STOKES, ROGER D. (312) 799-6300
FHWA - REGION 5

18209 DIXIE HIGHWAY
HOMEWOOD, IL 60430

STOWERS, JOE (703) 435-7075
SYDEC INC

1601 WASHINGTON PLAZA
RESTON, VA 22090

STRECKER, FORREST (913)
296-3102

KANSAS HWY PATROL

700 JACKSON SUITE 500
TOPEKA, KS 66603

STRONG, ROBERT (505) 345-3999
GREINER INC

2601 WYOMING BLVD
ALBUQURQUE, NM 87112

STROUT, GEORGE (518) 472-4243
FHWA ‘
OBRIAN FEDERAL BLDG
ALBANY, NY 12207 o

SULLIVAN, WILLIAM R.
(601) 359-1972

MS STATE HWY DEPT

BOX 1850

JACKSON, MS 39215

SWEITZER, GORDON A.
(515) 281-3047

IOWADOT -

5268 NW SECOND AVE

DES MOINES, IA 50313

TALMADGE, TOM (303) 757-9261 °
COLORADO DEPT OF HIGHWAYS
4201 EAST ARKANSAS AV -
DENVER, CO 80222

' TAYLOR, BRIAN (416) 890-0797

AS-116-103 ST

- SASKATOON SK STN1Y7

TERHUNE, DOUGLAS (907)
266-1618

ALASKA DOT

P.O. BOX 196900
ANCHORAGE, AK 99519

THERON, JOHAN P. (512) 327-9439
AVIAR INC

2600 DELLANA LN

AUSTIN, TX 78746

THERWHANGER, JACK (817)
799-6281

TEXAS DEPT OF SAFETY
1617 EASTCREST DR

WACO, TX 79705

THOMPSON, DAVID (505) 823-1000
BOHANNON-HUSTON INC
COURTYARD 1.

7500 JEFFERSON ST NE
ALBUQUERQUE, NM 87109

TINGLE, ROGER M. (601) 354-7172
MISSISSIPPI ST HWY DEPT

P.O. BOX 1850

JACKSON, MS 39215

TOLLIVER, DENVER D,

' (701) 237-7767
UPPER GR PL TRANS INST
NDSU - MORRILL #112
P.O. BOX 5074
FARGO, ND 58105

TROMP, CORY (616) 894-9051
CMI DYNAMICS

5353 WILCOX

MONTAGUE, MI 49437

TURNER, ROY (505) 988-6154
FHWA

- P.O. BOX 1088

SANTA FE, NM 87504

UHRICH, ADAM L. (307) 777-4190

. WYOMING STATE HWY DEPT

P.O. BOX 1708
CHEYENNE, WY 82002

UNGER, DALLACE W.
- (303) 236-3366
FHWA - COLORADO DIVISION

| 555 ZANG ST ROOM 250

LAKEWOOD, CO 80228

VAN BERKEL, JOHN  (916) 445-2201

. CALIFORNIA DOT '

1120 N. STREET
SACRAMENTO, CA 95814

VELAU, LAVERN (515) 239-1282
IOWA DOT

800 LINCOLN WAY

AMES, 1A 50010

' VIBBERT, RONALD (517) 373-2249

MICHIGAN DOT
DATA MGMT P.O. BOX 30050
LANSING, MI 48909

VOCCOLA, HARRY W.
LOCKHEED DATACOM CORP
GLENPOINTE CTR E. 5TH FLOOR
TEANECK, NJ 07666

VOWLES, ED R. 61-64-520222
SNOWY MT ENGINEERING CORP
220-226 SHARP STREET

COOMA AUSTRALIA 2630,

WAGNER, DENNIS (512) 327-4211
TX RES & DEV FOUNDATION
2602 DELLANA LANE

AUSTIN, TX 78746



WAGNER JR, EDWARD M.

(504) 3589104

LOUISIANA DOT & DEVELOP.
4811 LYNN ST
ZACHARY, LA 70791

WALDEN, LEON (502) 227-7321
FHWA - KENTUCKY

P.O. BOX 536

FRANKFORT, KY 40602

WALTON, MIKE (512) 471-1414
DEPT OF CIVIL ENGINEERING
UNIVERSITY OF TEXAS AT AUSTIN
AUSTIN, TX 78712

WAY, GEORGE B. (602) 255-8085
ARIZONA DOT

206 SOUTH 17TH AVENUE
PHOENIX, AZ 85007

WEAVER, VAN
BOX 1868
ALBUQURQUE, NM 87103

WEBB, LT AB. (801) 965-4508
UTAH HIGHWAY PATROL
4501 5. 2700 W _

SALT LAKE CITY, UT 87119

WENDLING, WILLIAMH
(816) 926-7421

FHWA

P.O. BOX 419715

KANSAS CITY, MO 64141

WENZEL, MAJOR GEORGE - -
(608) 297-9522

WI DIV OF STATE PATROL

P.O. BOX 7912

4802 SHEBOYGAN AV

MADISON, WI 53707

WHITE, RON (512) 295-2756
AVIAR INC ,
BOX 162184

AUSTIN, TX 78765

WILEY, CAPT MARSHA
(602) 255-7346

WI DIV OF STATE PATROL

4802 SHEBOYGAN AV

P.0. BOX 7912

MADISON, WI 53707

WILLIAMS, JACK (404) 656-7572

GEORGIA DOT
2 CAPITOL SQUARE
ATLANTA, GA 30334

WINDER, JACK 01276-5879
DEPT OF TRANSPORT
TACD RM P2/041

2 MARSHAM ST

LONDON EN

WITTENBERG, HERMAN

(612) 296-1156
MN\DOT
TRANSPORTATION BLDG RM 31
ST PAUL, MN 55155
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WIX, CAPT GARY (615) 251-5195
TN DEPT OF SAFETY

1150 FOSTER AVE

NASHVILLE, TN 37210

WOOD, STEVEN M. (503) 363-9290
CAPITAL ENT. & ENG.

P.0. BOX 12688 -

SALEM, OR 97309

WYMAN, JOHN H. (207) 487-5086
MAINE FACILITY LABORATORY
RFD #1 BOX 4970 .
PITTSFIELD, ME 04967

YOUNG, JONATHAN N.
(503) 221-2061

FHWA - REGION 10

13535 SW CHARIOT COURT

BEAVERTON, OR 97005

YOUNG, MARK A. (208) 334-8688 -
IDAHO DOT

P.O. BOX 7129

BOISE, ID 83707
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LIST OF VENDORS

AVIAR, INC.

P.O. BOX 162184

AUSTIN, TX 78716 |
JAMES E. (JIM) KELLY (512) 327-9439

BRIDGE WEIGHING SYSTEMS, INC.
11000 CEDAR AVE
CLEVELAND, OH 44106
RICHARD E. SNYDER  (216) 229-8400

CMI-DYNAMICS, INC.
820 LAFAYETTE RD.
HAMPTON, NH 03842
JEFFERY B. DAVIES  (603) 926-1200

CMI-DYNAMICS, INC.

5353 WILCOX

MONTAGUE, MI 49437
CORY TROMP (616) 894-9051

DATA DYNAMICS

B6-5660 MCADAM RD.

MISSISSAUGA, ONTARIO CN 14Z 1T2
BRIAN TAYLOR (416) 890-0797

-~ JOHN J. FUNG (416) 890-0797

G.K. INSTRUMENTS LTD.

STEVENS HOUSE, SIMPSON ROAD

FENNY STRATFORD, MILTON KEYNES

BUCKINGHAMSHIRE, ENGLAND
STEVE MEARS 0908-75742
GEOFF KENT 0908-75742

GOLDEN RIVER
7672 STANDISH PLACE
ROCKVILLE, MD 20855
JOHN J. HANSEN (301) 340-6800
HOWE RICHARDSON
155 WICKS ST.
GRAYSLAKE, IL 60030
GENE A BEEZLEY (312) 223-4804
1-800-323-4550

INTERCOMP
14465 23RD AVE N.
MINNEAPOLIS, MN 55447-3438
ROBERT KROLL (612) 476-2531
1-800-328-3336

IRD, INC.
#A5-116 103RD ST. ,
SASKATOON, SASKATCHEWAN, CN S7TN
1Y7
ART BERGAN
TERRY BERGAN

(306) 955-3626
(306) 955-3626

METRO SYSTEMS ENGINEERING

1307 EAST WASHINGTON

HARLINGTON, TX 78550
ISMAEL F. GARZA (512) 428-6215

MOTOROLA, INC.

TWO WOODFIELD LK

1100 WOODFIELD RD. #330,

SCHAUMBURG, IL 60173

CAROLYN J. BELL (312) 576-8866

" MOTOROLA, INC.

12655 S.W. CENTER ST. SUITE 400
BEAVERTON, OR 97005-1601
JIM PATTON (503) 644-4346
PAT EQUIPMENT CORP.
MAIL STATION 21
6101 CONDOR DR.
MOORPARK, CA 93021-2699
ROBERT J. HUSTON  (805) 378-2702
PAT EQUIPMENT CORP.
237 CEDAR HILL ST,
MARLBORO, MA 01752
JOSEPH J. MADEK

‘ (508) 481-1411
G. RAYMOND HUOT

(508) 481-1411

TOLEDO SCALE
60 COLLEGEVIEW RD.

- WESTERVILLE, OH 43081

BRUCE A. CROCCO, JR. (614) 898-5110

PENNWALT CORP.
950 FORGE AVE
VALLEY FORGE, PA 19482

PETER F. RADICE (215) 666-3523
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_APPLICATIONS AND FUTURE DIRECTIONS
Richard Morgan, Executive Director, Federal Highways Adminsitration
INTRODUCTION o
) On 'behalf of tne sponsoring organizations, let me offer our sincere thanks to:

Darrel Rensink, Director, lowa DOT,
Len Levine, Commissioner, Minnesota DOT, and -
Ron Fiedler, Secretary, Wisconsin DOT .

for their willingness to host this conference.

o Particular thanks must also be extended to Dick Stehr of the Minnesota DOT, Bill McCall of the Iowa
DOT, and George Novensk1 of the Wisconsin DOT who have managed the log:sucs of arranging the
conference.

o  In addition to the State personnel, each of the associated FHWA division and region staffs is to be
congratulated for the strong support they have given to getting this effort under way.

° Within FHWA Headquarters, Perry Kent, of the Office of Highway Information Management, has been
contract manager for this project, and Charles Stockfish, of the Demonstration Projects Division, has been
provxdmg adnunistranve and funding support.

o IfI have overlooked anyone involved in the plannmg and organizing of this conference, please look
upon it as reflecting the hmlts of time and understand my appreciation for your efforts also.

o Although the poss1bil1ty of another conference was discussed even as the Second National Conference
was finishing in Atlanta in May of 1985, only within the last year have actual preparations been under way.
I'm sure you all recognize the tremendous logistical effort a conference of this type involves and which all
the more shows the strong commltment to its success made by its planners and orgamzers

o An important element of a conference of this type is the participation by the various equipment
vendors in setting up and manning the various displays. Their continuing support and participation are very
much apprecijated.

o The most important aspect of a successful conference is the interest shown by the attendees. Each of
you has a significant impact on how well we will succeed over the rest of this week in making this

- conference meaningful to the better administration of the Nation’s highway program. Together we can better

understand what WIM technology will mean to the present and future information needs of the highway
program.

o FHWA'’s support of this conference reflects the agency’s long-term interest in automated traffic data
collection, but more importantly, reflects our agency’s commitment to the application of weigh-in-motion
(WIM) and other automated traffic data gathering technologies to current highway issues. This approach to
WIM is reflected in the name of the conference. FHWA no longer feels that WIM is simply an interesting
research novelty but, rather, can be a powerful ‘management tool for anyone willing to use it.

THE EVOLUTION OF WIM




automated techniques are the products of a long-term evolutlonary process of a number of efforts within
the highway community. ;
1

) For example, FHWA's earliest involvement with WIM was in the early 1950’s. This early attempt was
less than successful because it required low vehicle speeds and was }elatwely costly. Sensing devices, at that
time, could not keep up with the massive number of data inputs thﬁt mainline traffic could transmit to the
weighing system.

) In the late 1950’s an early WIM system was used on the AASHO Road Test. Bridges were
instrumented with stain gages to determine the effects of live loadi) ng.

o  The advent of successful WIM devices required the development of high speed microprocessor

technologies in the 1970’s. In 1974 and 1976, national conferences were held on automating data collection
for transportation planning which included WIM.

o In 1983 and again in 1985, the Federal Highway Administration-sponsored National WIM Conferences
focused specifically on the use of WIM equipment. i

o To the time of the Second National WIM Conference in 1985, much of the WIM activity at the State
and Federal level was directed to the assessment of WIM as a new technology. WIM was viewed as an
interesting research activity rather than a valuable method of obtaining data for use in highway program
administration. - '

o During the same time as these conferences, FHWA was beginning to provide funding through the
Rural Transportation Assistance Program for the purchase and ﬁeld assessment of various types of WIM
devices by the States. =

) Since the time of the Second WIM conference, I feel we have been seeing a maturing of WIM
technology so as to make it readily usable by highway program managers. I feel this Third National WIM
Conference should be looked upon as a watershed event in which WIM moves from a specialized
data-gathering device to being a standard tool used in management of the highway program.

o This is not 1ntended to imply that the technology will not contmue to improve because, as we will hear
this week, it will. »

APPLICATION OF WIM TO THE HIGHWAY PROGRAM

We have identified a number of significant highway issues- that can be effectively approached using WIM.
These -issues can generally be termed to be elther welght enforcement pavement design, or p]anmng
oriented.

) Since WIM first began to be widely recognized as a technology, persons responsible for the weight
enforcement program have sought to come to terms with the most appropriate uses of WIM in an
enforcement. effort.

- Because in most States WIM systems cannot be used as the sole basis for the issuance of an
overweight citation, some enforcement agencies have tended to down play WIM’s value to enforcement
programs at the State or National level.

- We have long felt that WIM data can be a valuable adjunct to information collected through static
enforcement weighing.

|
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- The covert nature of WIM data gathering holds the ,'potential for more clearly defining the
magmtude and extent of the weight enforcement problem. SRR

WIM can also be -a. major tool ina States effort to measure the general effectrveness of its

: enforcement program as well as helpmg to pmpomt the systems or locations that mtght gain from more
, rtgorous enforcement acttons. ; S -

- WIM has been successfully used by a number of enforcement agencies as a means of screening
out those trucks in mainline operation that may be in excess of State or Federal wetght limits. Once
identified, such potentially-overweight trucks are then weighed using static scales.

- These considerations led us to issue an August 2' 1985 memorandum to our field offices which
clearly stated that WIM was an eligible item for Federal-aid construction funding. To be eligible for funding,
the gathered data was to be used to measure the extent of the overweight problem or determine the

_ effectiveness of the enforcement program.

. FHWA’s determination of WIM being a legitimate cost within the vveight enforcement program
simply helps to highlight that WIM has become a valid data-gathering tool within the highway program.

o - Theuse of WIM, in support-of the pavement design and management process, has also gone through
a period of controversy which focused on the comparability of static versus WIM-collected weight data.

SR Admtttedly, the early WIM devices may have produced data of lumted value, but the 1mprovement
in equtpment over the 1980’s has radically changed that situation. »

. Presently, the use of WIM data as- part of the pavement design and management process has led
to significant insights into the actual pattern of truck loadings, as well as a clearer picture of the relationship
between pavement loadmgs and pavement detertoratton

From State to State, we have been seemg a srmtlar pattern of WIM revealing pavement Ioadmgs

that are substanttally greater than had previously been assumed to be occurring.

= You simply have to know what is r’un‘ning,on your highways and WIM is a necessary tool to do
this. . S L ,

FUTURE DIRECTIONS

| The preceding discussion described efforts to make WIM an effective part of htghway program management.

The following are some of my thoughts on the issues we will need to address in the not too distant future
and how [ feel WIM will contribute to meeting these issues.

o . The need for 1mproved information for pavement management and design will continue to be a high

: emphasis :area nattonally into the next century. -

Y e ~The Strategtc Highway Research Program (SHRP) will be a major factor in how well we carry out
management of the pavement improvement programs nationally.

- The success of the SHRP will depend heavily on our willingness to collect the data necessary to
reach meaningful conclusions as to the inter-relationship of loading, soils, materials, design, and environment.




- WIM is the only method of providing the quantity anld variety of loading data needed by the
SHRP. It is imperative that each State recognize that adequate support for the SHRP will probably require
more traffic data gathering, including weight data, than has been a normal part of each State’s traffic data
collection program. This situation means that each State will need ko give serious consideration to providing
additional equipment, personnel and fiscal resources to adequately support the SHRP activities in their State.

0 FHWA’s new Pavement Policy requires the States to have a eost-effectxve pavement design procedure,
a pavement type selection process, and a Pavement Management %ystem. All of these are greatly enhanced

by WIM installations. » 1

° FHWA will remain committed to supportmg State lnghway agencies in the development of new
approaches to WIM and to innovative application of existing technology

- FHWA'’s support of the recently completed work on the use of piezo-electric cables for welghmg
in motion in Minnesota and Iowa is one such example. \

L '

- FHWA continues to be interested in the integrated gathering of count, class, weight and vehicle

identification data being undertaken as part of the Heavy Vehicle Electromc License Plate program and its
associated multi-State field demonstration. ,

- FHWA remains committed to supporting the States in the testmg of new WIM technologies such
as piezo-electric film, as well as other approaches leading to truly low cost WIM systems. :

o Every State should have WIM as an integral part of their pavement and bridge management program.
Similarly, every State should use WIM as a screening device for their weight enforcement program. -

o It must be noted that this very Conference is indicative of F’I—IWAs continuing commitment to WIM.
The Conference is funded as a part of and kicks off Demonstration Project 76, "Automated Traffic/Truck
Weight Monitoring Equipment.” The demonstration will be available to all interested States and will provide
State personnel with an understanding of the various types of WIM, their accuracies, cost, limitations, and
appropriate applications. Bill Nostrand will be elaborating on thxs Demonstration Prolect later in the
Conference.

o Finally, I would like to take this time as an opportunity to express my feeling on the highway program
in general. Most of you are aware of the several national efforts underway to assess the future direction of
the program as we move toward the twenty- first century. These far reaching initiatives both inside and
outside of government agencies will continue on into the 1990’s.

- Recently, a great deal of the discussions concerning the highway program has been in the context
of whether we should get it off budget. Such discussions are a waste of time. They are dlvemng our
attention from what should be the real concerns of the Nation’s hlghway managers.

- These concerns include doing more with less, meetmg the needs of urban and suburban
congestion, and effectively supporting the highway’s role as an major factor in the Nation’s economic well
being. Good data is essential to addressing these issues and arms us well in competing for scarce resources.

- Conferences, such as this one, mark the need to maintain better data on what is happening to the
highway infrastructure. In the future we should expect that our data needs may demand even more detailed
information on the use of the highway resource and may demand the use of automatic vehicle identification
and vehicle location systems.

- The highway industry has been challenged in the past and has met each challenge. The future
holds greater challenges and I feel that we will provide the innovation to meet each need.

i
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AN EVALUATION OF CURRENTLY AVAILABLE WIM SYSTEMS

Conducted by the Maine Facility Labs.
Research Group-Technical Services Division
Maine Department of Transportzj}tion

t

John H. Wyman 5
Currently Available W.LM. Systems

During the summer of 1987 the Maine D.O.T. Technical SCIJMCCS Division conducted an evaluation
of those W.LM. systems that could be made available for testin%. This program was sponsored by the
F.H.W.A. under a "Demonstration Project.” E

Comments made in this paper about the operational characteristics of the various systems are the
result of observation of their behavior during this study. Some éhanges have been made since by the
manufacturers, to several of the systems, which may result in improvements in the operation of the currently
available units.

1.0 SYSTEMS EVALUATED
The following WIM systems were available and were tcsﬁﬁd:

GOLDEN RIVER: CAPACITANCE PAD

CMI/IRD SYSTEM: LOAD CELL SCALE

BRIDGE WEIGHING SYSTEM: CLAMP ON GAUGES
PAT SYSTEM: BENDING PLATE |
STREETER RICHARDSON: BENDING PLATE
STREETER RICHARDSON: CAPACITANCE; PAD

S

Also of interest, although not tested, is a Radian system which is a multiple load cell system embedded
in the pavement. ]‘

For the future, there are developments under way sponsored by the FHWA and others: one is a low
cost B.W.LM. System, hopefully to cost under $ 10,000, at least two years away, and a Piezo Electric system.
Studies on this system are being conducted by the Iowa D.O.T.

2.0 GENERAL PROBLEMS

WIM systems do not actually weigh the axles crossing the sensors. The dynamic force present when
each axle crosses the sensing unit is what is measured. This occurs as a result of several different phenomena
acting simultaneously. Vertical and lateral oscillation of the vehicle occur, due to movement of the
suspension, body and the load, caused by unbalance in these various components. Pavement unevenness also
produces excitation of the suspension and body and this excitation can increase errors due to the factors
above. Both of these conditions result in levels of dynamic forces being observed by the weigh sensors which
are either greater or less than the true static weight. Such variations can be as much as plus or minus 30
to 40% of the static weight. Dr. Clyde Lee will be telling about these effects in detail in a subsequent paper.
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3.0 EVALUATION TECHNIQUES

'T'he ﬁnal evaluatlon'm Maine was conducted at Stdney, in the Northbound travel lane of 1-95. The
average daily traffic was approximately 9000 vehicles, with a high percentage of trucks. The average speed
was over 60 mph. : ; , :

The CMI Dynamlcs system was mstalled at Stdncy, in 1985. The other systems under evaluation on this
project were installed at Sidney with the PAT Bending Plate System placed about 100 feet beyond the CMI
system, the Streeter Richardson bending Plate and the Capacitance Pad System followed at approximately
100 foot intervals. The Golden River Capacnance Pad system also followed, apprommately 100 feet further.
The Bridge Weighing System was installed in a utility van and situated under an overpass 3.1 miles beyond -
the rest of the system. "The van was not visible from [-95. Tape switches were used for vehicle presence and
classification. As there was no escape road between the rest of the system and the bridge, no traffic was lost.

Thus all the systems were in a gauntlet pattern sO that all received the various vehlcle in sequence.
3.1 Precalibration Runs at Sidney.

One of the most serious problems with all types of WIM systems is the difficulty of effecting a suitable
initial calibration for each system. Repeated runs with a preweighed 352 proved to be the best compromise
for ‘effecting this calibration at Sidney. A leased 3S2 loaded to about 75,000 pounds was run repeatedly
through the scale system at several speeds. The static weights were obtained by weighing each set of wheels
with 6 Haenni Scales calibrated to- N.B.S. requirements. The calibration factors in each system were then
adjusted to be as close as possmle to the norm. The results of these tests were also used to verify the
systems’ ablhty to accurately calculate the axle spacmgs

Speed is calculated by measurmg the tlme between the mtercept of the first loop and the second loop.

Dividing the loop spacing in feet by the elapsed time of travel of the vehicle between the two loops, in

seconds, gives the speed in feet per second, which is then converted to miles per hour.

Measurement of loop intercept time is subject to variations depending on the type of vehicle, height

- above the road of the major metal components and vehicle speed. Both speed and axle spacing

measurements are subject to errors which are vehicle sensitive. Checks on the systems using a gun type radar
show errors in speed measurements up to plus or minus 3 mph which were not system dependent.

3.2 Random Traffic Check.

Two sessions using random traffic were run at Sidney for the final verification of the ability of the six
systems to accurately handle high volume traffic at the higher speeds. Trucks were selected randomly at the
Augusta ( Northbound ) rest area on 1-95, by the State Police traffic enforcement group. The rest area is
approximately seven miles from the Sidney site. There is only one possible escape turn off for trucks between
the Augusta weighing site and Sldney It was not used by more than a small percentage of vehicles.

The first run was conducted on August 12th. A total of 125 trucks were weighed, 92 of which were
captured by the test scale system. For this run the passing lane was blocked through the system so that all
traffic was forced to use the travel lane. Apparently the presence of the barriers caused the more cautious
automobile drivers to drive more slowly than was their usual custom. Thus the truck traffic also was forced
to drive more slowly and as a result the truck speed was below their normal speed on this highway, running
about 50-55 mph instead of the usual 65 or more. In order to obtain a run in which the truck speeds were
more nearly at the speed used in the initial calibration, a second run was made with both lanes open. This
run was made on August 20th and consisted of 203 vehicles of which 163 were captured by the scales in the
travel lane. The passing lane was not equipped with scales.



The weighing at Augusta was done using low profile Electronic Lodec Scales. An observer at Augusta
recorded each vehicle weighed, assigned a sequence number to it and recorded identifying details. A second
observer also recorded the front :axle weight, each set of tandem weights and the total weight for each truck
he weighed. Two axle trucks up through 3S3’s were weighed. The sequence number and identifying details
were radioed to Sidney where another observer passed this information by "Walkie Talkie" to observers at
each scale. Here the sequence number was recorded on the print-out for the data of the applicable vehicle.
Final weights were not known at Sidney until after completion of the test runs. Correlation of the weigh
with the truck numbers was completed at a session the next day. |

;

The data sets, 80 in all, showing total weight, front axle wei?ght,' and both tandem weights compared

to the Lodec weight were prepared using scatter plot technique and are shown complete in the final report

published on December 31, 1987. Copies of the final report are available from the F.H.W.A. in Washington.
One set, showing gross weight for all trucks through each scale for both days run are included in this report
for reference. ‘

3.3 Scatter Plot Calculations.

It is reported that California is using an interesting approach to evaluating the accuracy of WIM scales.
The data on the Sidney runs was processed using this technique The percent error, positive or negative of
the WIM value for each of the random vehicles with respect to the Static weight was calculated. The mean
of these percent errors is calculated along with the deviation. The deviation of the mean from 0, or from
a one to one relationship between the static weight and the WIM force reading represents the systematic
error of the scale. That is the amount the scale calibration is in error. The standard deviation of the percent
errors represents the random errors of the system due to other factors such as speed, vehicle type, road
surface conditions and other random variables. The results of such an analysis of the random truck data were
obtained on August 12 and 20. The total for both days run is shown for each scale system in Figure 1.

Figure 1- Mean and Standard Deviation for Raﬁdom Traffic Sessions.

Mean and Standard Deviation of Errors for all trucks on 12 and 20

Aug. 1987
Mean STD
CMI-IRD -0.37% 12.96%
PAT -4.31% 11.98%
S/R Plate 5.05% 9.50%
S/R Cap.Mat , 5.32% 16.32%
Golden R.Cap Mat : 22.79% 19.80%

Minimum, Mean, Standard Dev., and Maximum Values in % errdr of difference between WIM: and Static
Gross Weight divided by Static Gross Weight for 3S2 and 3S3 Semis at Sidney on 20 August 1987.

CMI-IRD PAT S/R Plate S/R Cap [E p BWIM
Min -46.55% -31.83%  -28.49% 2623%  -4525% -43.34%

Mean -3.05% -6.00% 4.46% 5.47% 16. 58% 4.17%
STD 13.62% 13.02% - 10.77% 20.09% 17.13%  11.05%
Max 23.56% 22.85%  41.30% 89.09% 100.68% 26.60%

Minimum, Mean Standard Dev., and Maximum Values, in % errdr, of difference between WIM and Static
Gross Weight Divided by Static Gross Weight for 3S2 and 3S3 S¢mis at Sidney on 12 August, 1987.
, |
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CMI-IRD - PAT SR Plate SR Cap. G/R Cap BWIM

Min = 2423%  31.83% -1540%  -2330% 4.40%  -1.03%
Mean  -236% = -0.54%  338%  358%  3542%  5.89%
STD 9.13%  11.14%  121%  13.78%  1645%  5.66%

Max 19.65% 2720%  19.56% 33.44% 73.61% 16.64%

Several conclusions can be drawn from these data.
The calibration error for all scales except the Golden River Capacitance Pad was under 5.32 percent.

, The standard deviation or random error except for the Golden River ranged between 9.5 and 12.96
percent. ' :

Since the Golden River mat calibration error was so high, 22.79 percent, piots were made of the
percent calibration error versus speed for the various systems. All systems had some speed dependence but
the Golden River pad system showed a large speed dependent error when plotted. The apparent weight

~ varied from the static by approximately 10 percent at 65 mph and climbed to approximately 70 percent at

35 mph. The manufacturers of the capacitance pad systems know that this type of system has a large speed

- dependent error. Therefore they have built-in software corrections-in the equipment.

Invesugauon revealed that the Golden Rlver Welghman and the Retnever Ehte, which had been
supplled to the Maine Facility for this test program inadvertently, had not been upgraded with the latest
EPROMS to provide the correction necessary to correct the speed error. Golden River supplied new
EPROMS which were installed.. A 3S2 loaded to weigh approximately 75,000 pounds was run through the
PAST, Streeter Richardson plate and mat system and the Golden River system Multiple runs were made
at 25,35,45,55 and 65 mph.

The large speed dependent error of the Golden River system was reduced. The calibration error is
now + 18.12% with a random error of 6.12 percent. The mean and the standard deviation for the four
systems is shown below. The Golden River System is now more in line with the other systems. The
systematic error is still high but the,random error has been reduced. The calibration error could have been
reduced nearer to normal by entering a revised calibration into the software via the Retriever, but time did
not permit making this change and repeating the run with the 3S2.

SCALE - MEAN . STD
PAT Plate -301%2 = 682%
- S-R Plate = = 377% 3.74%
S-R Cap Pad -10.47% - 3.36%
Golden River Cap Pad =~ 18.12% . 617%

Based on 3S2 Cal. Runs through the four systems after Golden River Seed Compensating EPROMS
were installed.

4.0 SYSTEM TRADE-OFF

4.1 Capacitéihce Pad Systems.

The capacitance pad systems which are available from Streeter Richardsori, Golden River and PAT
are the only truly portable systems. A single lane system costs approximately $25,000 to $30,000 depending

on options. Installation is simple as the pad is placed flat on the pavement and fastened down with
Parker-Kalon nails with mastic tape placed around the edge. Lag bolts can be used in place of the nails if




desired. Either permanent or temporary loops can be used. If temporary loops are used the installation can
be completed in approximately two to three hours by four people; two for flagging and two to perform the
installation of the pad. The systems are speed sensitive as menuonéd and the accuracy not as good as other
types of systems. :

For collecting 24 to 48 hour data these systems are suitable. The Golden River unit is battery
operated and is contained in a small waterproof case that may be chained to a post or guard rail.
Maintenance is minimal over a short session. Heavy traffic, or long Sessions may result in some movement
of the capacitance pad. 4.2 Bending Plate System. ,

The Bending Plate Systems are semi permanent. Although the plate itself can be moved a frame
must be installed in the roadway wherever it is desired to use the scale. Estimated cost is § 35,000 per lane
installed. Installation was done in Maine with a crew of eight including two flagmen. Barriers between the
installation and the still operating lane were of course installed. These systems in general have abetter
accuracy than the capacnanoe pad systems. Maintenance was mxmmal.

4.3 Load Cell System

The CMI-IRD system scale is a load cell system thhm a‘heavy steel platform welghmg approximately
2000 pounds. Two are used per lane, one in each wheel path. A four lane system was installed by the Maine
D.O.T. Planning Department in 1985. The cost of the CMI system for two lanes was approximately $ 113,000
and for four lanes § 220,000. These figures include scales, electronics, software, computer, modem and
printer. The cost of making the installation was quite high because of the need to construct the concrete
housing vault, which was approximately three feet deep and extenqled across the passing and travel lanes.
In addition, extensive drainage had to be provided. Slgmng Crews and construction costs amounted to about
$ 100,000 for a four lane interstate system. »

The accuracy was the best of the systems tested.

44 Bridge Weighing Systems, Inc.

The Bridge Weighing System which was tested was one of the first developmental systems supplied

to the FHWA by the contractor, Bridge Weighing Systems, Inc. and later modified by Lehlgh Umversny It
was loaned to us for testing by the FHWA Fairbanks Laboratory.

The system consists of clamp on strain gauges, two tape switches, a road interface unit, a signal
conditioner, a Digital MINC II computer with a terminal and a printer. Power was furnished by a 3KW 120
volt AC generator. Vehicle data can be viewed at the site on the terminal and hard copies printed if so
desired, or the data can be stored on discs and processed later. The cost of the bridge Weighing System Inc.
unit, including a van and as described above, is approximately $ 100,000. Installation of the clamp on gauges
and the two tape switches required on a bridge takes about one hour. Two people can perform the
installation and operate the system to take vehicle data. Accuracy of this system was quite good.

5.0 FUTURE NEEDS
One future WIM need, especially for programs like SHRP are a lower cost portable unit. A
calibration technique that more realistically simulates the force to which the transducer is subjected, is

needed. More comprehensive documentation would help the trammg of the technicians who operate the
ex1stmg field data gathering devices, in becoming more at home mth the WIM systems
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FACTORS THAT AFFECT THE ACCURACY ?F WIM SYSTEMS

Clyde E. Lee The Nasser I. Al-Rashid Centenmal Professor
in Transportation Engineering The University af Texas at Austin

INTRODUCTION

A number of different systems for weighing highway vehlcleis in motion have been developed during
the past three decades. These systems, called weigh-in-motion (WIM) systems, have generally been used by
public agencies for (1) collecting statistical traffic data, (2) aiding traffic law enforcement, or (3) actual
enforcement. There has always been concern about the accuracy wwh which a WIM system can estimate the
weight of a vehicle as well as about the accuracy with which werght needs to be determined for each of the
applications mentioned. The purpose of this paper is to identify the factors that potentially act and interact
to cause inaccuracy and to discuss the relative importance and magnitude of some of these factors.

In order to communicate accurately about the complex pattern of physical forces which occurs as
a vehicle moves over the road surface and thereby affects the weight estimates made by a WIM system, it
is necessary to understand the definition of selected technical teni@s; The glossary below gives the specific
meaning of several such terms which will be used in discussing the factors that affect the accuracy of WIM
systems. B

GLOSSARY

Weigh-in-Motion (WIM) - the process of measuring the dynamic tire forces of a moving vehicle and
estimating the corresponding weight(s) of the static vehicle [1]

WIM system - a set of sensors and supporting instruments which measures the presence of a moving vehicle
and the related dynamic tire forces at specified locations with respect to time; estimates vehicle
weights, speed, axle spacing, vehicle class according to axle arrangement, and other parameters
concerning the vehicle; and processes, displays, and stores this information [1]

accuracy - 1. the degree of conformity of a measure to a standard qr truevalue [2] 2. the closeness or degree
of agreement (within a stated tolerance and probability of conformity) between a quantity measured
or estimated by a WIM system and an accepted reference value [1]

accurate - 1. conforming exactly to truth or to a standard 2] 2. A piece of equipment is "accurate” when
its performance or value -...., as determined by tests made with suitable standards - conforms to the
standard within the apphcable tolerances and other performance requirements. [3]

tolerance - 1. The official tolerances prescribed by a weights and measures jurisdiction for commercial
equipment are the limits of inaccuracy officially permrssrble within that jurisdiction. It is recognized
that errorless value or performance of mechanical equipment is unattainable. Tolerance values are
so fixed that the permissible errors are sufficiently small that there is no serious injury to either the
buyer or the seller of commodities, yet not so small as to make manufacturing or maintenance costs
of equipment disproportionately high. [3] 2. the defined limit of allowable departure from the true
value of a quantity measured or estimated by a WIM system [1]

mass - the property of a body that is a measure of its inertia, that is commonly taken as a measure of the
amount of material it contains and causes it to have wergiht in a gravrtatronal field [2]
|
standard of mass - the United States Prototype Kilogram 20, which is a platinum-iridium cylinder kept at
the National Bureau of Standards [3]
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avoirdupois pound - defined in terms of the kilogram by the relation:
1 avoirdupois pound = 0.453 592 37 kilogram [3]

inertia - a property of matter by which it remains at rest or in umform motion in the same straight line
unless acted upon by some external force [2]

velocity - time rate of linear motion in a given direction [2]
acceleration - the time rate of change of -velocity

force - an agency or mﬂuence that rf apphed to a free body results chleﬂy in an accelerauon of the body
- and sometimes in elastic deformation and other effects [2]; has both magnitude and direction

force of gravrty - the force of earth's gravrtatlon, whlch when applied toa body in free fall will cause the
body to accelerate downward toward the approximate center of the earth; the value of such
acceleration at sea level in latitude 45 degrees being 980.1018 centimeters per second per second
[2]; varies from location to locanon on the earth’s surface

weight - 1. a measure of the inertia of a body, especially in terms of the force of gravity 2. synonymous with
'mass :

vehicle scale A scale adapted to welghmg hlghway, farm, or other large industrial vehicles (except railroad
freight cars), loaded or unloaded. (3]

axle-load scale - A scale permanently installed in a fixed location, having a load-receiving element specially
adapted to determine the combined load of all wheels (1) on a single axle or (2) on a tandem axle
of a highway vehicle. [3]

portable axle-load weigher - portable weighing elements specially adapted to determining the axle loads of
highway vehicles '

wheel-load weighers - compact, self-contained portable weighing elements specially adapted to determining
the wheel loads or axle loads of vehicles on highways for the enforcement of highway weight laws
only [3} ‘ :
THE WEIGH-IN-MOTION PROCESS

The process in which the dynamic tire forces of a moving highway vehicle are measured and used
as the basis for estimating the corresponding weight of the static vehicle is called Weigh-in Motion, or WIM.
A WIM system consists of a set of sensors and supporting instruments which measures the presence of a
moving vehicle and the related dynamic tire forces at specified locations with respect to time; estimates
vehicle weights, speed, axle spacing, vehicle class according to axle arrangement, and other parameters
concernmg the vehicle; and processes, dlsplays, and stores this information. :

The overall accuracy with whrch a WIM-system estimates weight is a function of (1) the actual
difference in the dynamic tire force of the moving vehicle and the corresponding constant tire force of the
static vehrcle at the respectlve times of measurement, (2) accuracy of dynamic tire-force measurements, (3)
adequacy of the estimation procedure, and (4) accuracy of weight measurements for the static vehicle. Several
factors which affect accuracy are involved at every stage of the process.

ACCURACY

15




In this discussion, accuracy is the degree of agreement (e.g., within a stated tolerance and probability
of conformity) between vehicle weight estimated by a WIM ‘system and an accepted reference value the
corresponding weight of the static vehicle measured by a scale or weigher. No measurement process which
involves mechanical and electrical devices yields errorless values; therefore, a rolerance value is established
to define the allowable departure of a measured value from its true value.

Tolerance values for scales and weighers are given in NBS Handbook 44 [3]. These devices, when

tested with approved standard test weights, are said to be accurate if all indications of weight are within the

applicable tolerance value and other performance requirements are met. These tolerance values do not
recognize adequately error associated with the manner in which these devices may be used to weigh a truck.
For example, user requirements are not definitive concerning whether brakes can be applied during weighing,
and the user is required only to have the vehicle "in a reasonably level position” when either an axle-load
determination or a gross-load determination is being made utilizing wheel-load weighers or portable axle-load
weighers. Accurate equipment can be used in a way that produces erroneous results. Nevertheless, weight
values determined under such conditions are generally aoccpted as the true or reference values to whlch
WIM-system weight estimates are compared.

Tolerance values for WIM systems are discussed by Dawbs and Sommerville [5] and by Izadmehr
~and Lee [4], and are included in a draft ASTM standard  specification [1]. For high-speed and
- intermediate-speed WIM systems, the test loads used for waluat1$n of system accuracy cannot be standard
. test weights (metal blocks) set on the force sensors. Moving vehicles are required, and the vehicles must also
| be stopped and weighed statically. Test methods which utilize mo$ng-vehicle loading are incorporated into

the draft ASTM standard specification. The intent is to establish tolerances that can be met and that satisfy
the needs of WIM-system users without making the manufacturmg and maintenance costs of WIM systems
excessive.

FACTORS THAT CT AC 1URACY
There are many factors that potentially act and 1ntera¢t to cause inaccuracy in WIM- system
estimates of vehicle weights. Some of these factors are listed below and discussed briefly. They are divided

into four categories according to the stage in the WIM process at which they might occur.

Factors Which May Cause the Tire Forces Produced by a Moving
Vehicle and by a Static Vehicle to Differ

VEHICLE FACTORS

s Gross-Vehicle Weight - The vehicle being weighed may be empty, partially-loaded, or loaded. The dynamic
forces associated with the motion of a particular vehicle in earth’s gravity are related directly to the
total weight (mass) of the vehicle. Force is the product of mass times acceleration.

« Distribution of Gross-Vehicle Weight - Gross-vehicle weight is made up of the combined weight of several
connected (via hinges, springs, and mouon-dampers) components. Force may be transmitted through
the connections to the components, but each vehicle cohlponem with its own weight, responds
independently to the external forces applied to it. The grqoss weight of the vehicle does not change
as the vehicle moves on the road surface nor as the various components experience differential
movement; the weight is simply redistributed among the axles and wheels through the connections.
When no component of the vehicle is accelerating vertically‘(e g., when the vehicle is static-or moving
at constant speed on a smooth, level surface), the sum oﬂ all vertical components of force applied
at the tire-roadway interface equals the force of gravity at that location on the earth’s surface, and
is proportional to the gross-vehicle weight. At any instant, the portion of the gross-vehicle weight
carried by a given wheel, axle, or axle group is a function of the relative vertical position of each
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; - component with respect to all others on the vehicle. Torque applied to the wheels of the vehicle via
" ~ the drive train or by the brakes can cause differential vertical movement of vehicle components and
thereby effect a redistribution of gross-vehicle weight. On tractor-semitrailer combination vehicles,
the longitudinal location of the semitrailer connection (fifth wheel) on the tractor also affects the
distribution of gross-vehicle weight among the axies.

« Suspension - A vehicle suspension system consists of a number of mechanical parts which connect the

o - so-called sprung mass (body) to the unsprung masses (axles and wheels). The spring configurations

b : typically include metal springs, rubber blocks, and air bags. As the vehicle moves, factors such as

stiffness, hysteresis, friction, alignment, and wear in the suspension system affect the dynamic behavior

=y of each individual vehicle component that is connected by the suspension system. Damping of the

w relative: motion between vehicle components is effected in the suspension system mostly by friction
between moving parts, by fluid flowing through a restriction, or by other more-complex means.

-« Tires - Tu'es are a major component of thc wheel assembly at the end of each axle on a vehicle. The tire
is the force-transfer medium at the vehicle-road interface. Forces both normal (perpendlcular) to
and tangential (parallel) to the road surface act on the tires. When the vehicle is in motion, the

- rotating wheel assembly (including the tires) responds to the complex combination of forces that is
applied at the tire-road contact area as well as at the suspension-system connections. Tire-related
factors that affect dynamic forces on a moving vehicle include mass, materials, znﬂauon pressure,
temperature, tread pattern, roundness, dynamic balance, and wear. The magnitude of the dynamic force
component in the vertical direction that is generated by the high-speed rotation of an out-of-balance
or out-of-round tire/wheel assembly is surprisingly large. Such force is often large enough to
overcome the applied downward spring force plus the inertial force of the mass and cause the
assembly to bounce off a smooth road surface several thousand pounds of force are involved.

» Aerodynamic Characteristics - The forces which act on a vehicle as the result of air flowing around the
: vehicle are a function of the size and shape of the vehicle as well as the speed of the vehicle as it
= - moves through the air. The factors which affect the magnitude and direction of the air-induced forces
on a moving vehicle include the frontal and side areas and their respective shapes as well as the speed
of the vehicle. Air forces acting on the frontal area of the vehicle affect the required tractive effort
and thus, through torque applied to the drive axle(s), cause a redistribution of the gross-vehicle
weight among the axles of the moving vehicle. A cross-wind (air in motion) similarly applies an
external force to the side area of the vehicle (moving or static) and causes a side-to-side
redistribution of the gross-vehicle weight among the wheels of the vehicle. Most large highway
vehicles are. poor airfoils; therefore, at normal highway speeds, lift forces are probably not a matter
of serious concern to WIM accuracy. »

ROADWAY FACTORS

« Alignment - The vertical and horizontal alignment of the roadway, as well as the transverse siope of each
lane, affect the magnitude and direction of the forces which act on a moving vehicle. The force of

: gravity acts vertically downward on the various connected components of a vehicle. Any other
b , external vertical force, such as that needed to lift the vehicle on an uphill grade, applied to the
moving vehicle through the tires will accelerate the vehicle mass in the vertical direction and will

" ‘be different in magnitude than the tire forces needed to effect equilibrium of the static vehicle. Also,
external force in the horizontal direction, such as centrifugal force developed when the vehicle moves
around a horizontal curve, changes the position of the vehicle’s overall center-of-oscillation relative
to the tire-pavement interface and redistributes the gross-vehicle weight among the wheels of the
vehicle. Transverse slope of the roadway surface (crown or cross-slope) likewise causes a change in
the relative location of the vehicle’s center-of-oscillation. To- minimize these effects, WIM-system
force sensors should be located on straight, level sections of roadway with minimum transverse slope,
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or perhaps on a slight downgrade to reduce the effects of drive-train torque. Desirable maximum
values for grade and cross-slope are about 2 percent and for horizontal curvature about 1 degree
(arc definition). :

« Road Surface - The road/vehicle interface through which force is transmitted is the tire-contact area a few
square inches in size for each tire. If the vertical force at this interface is to be the same for a
moving vehicle and for a static vehicle as is desired in in-motion weighing the roadway surface over
which these small tire-contact areas pass must be perfectly smooth and level. Any deviation from this
condition will result in vertical displacement of the tires on the moving vehicle and dynamic forces
that are different (either larger or smaller) than correspcmdmg forces for the static vehicle. In
practice, such an ideal surface cannot be realized; only appronmated Road-surface roughness is
generally manifested as waves of varying length and amplitude or as step irregularities such as
potholes, faulted joints, and bumps at the pavement/bridge interface. The effect of different
roughness patterns on the dynamic behavior of a moving vehicle is a function of the particular
pattern of roughness, characteristics of the vehicle, and speed of the vehicle; each combination is
unique. It is known that the dynamic force at the roadway/tlre interface resulting from a moving
wheel mounting a small bump can be more than double the corresponding force for the static wheel
and that this force goes to zero magnitude when the wheel bounces off the road surface. Surface
roughness is a critical factor that affects the accuracy of a WIM system. Studies and experience
indicate that a very smooth roadway surface is necessary for approximately 150 feet in advance of
and beyond the WIM-system force sensors if maximum performance is to be achieved by the system.
A systematic study of the relationship between various practicably-definable roughness patterns and
WIM-system performance is needed so that improved roughness specifications can be developed.

ENVIRONMENTAL FACTORS

- Wind - The effects of a cross-wind acting on the side of a vehmcle are discussed above. in relation to
aerodynamic vehicle characteristics. It should be noted that wind forces acting on the vehicle from
any direction must be balanced by tractive forces at the tire-road interface for equilibrium and that
wind force, therefore, causes some redistribution of the gross-vehicle weight among the wheels.

« Ice - Ice can accumulate on a vehicle component and add to the normal weight of the component. Since
the dynamic behavior of each component is a direct function of its weight (mass), such an
accumulation of ice can affect the accuracy of WIM-system estimates of weight. Ice formations on
the road surface can also introduce patterns of road-surface roughness which affect the dynamic
forces experienced by a moving vehicle. ‘

WIM - SYSTEM FACTORS

* Road-Surface Roughness Caused by Force Sensor - Any roughness of the roadway surface at or near the
WIM-system force sensors will affect the dynamic forces on the moving vehicle and, therefore, the
accuracy of weight estimates made by the system. The force sensors themselves should not introduce
roughness - nexther a bump nor a depression - to the road surface for best accuracy from the system.

+ Stiffness of the Force Sensor - Deformation of the WIM-system sensors should approximate the
~deformation of the surrounding pavement under the moving vehicle forces in order that the vehicle
not expenence an apparent bump or depressxon as it passcs over the sensors.

« Oscillation and Damping of Force Sensor - The applied force from the tires of a moving vehicle typlcally
displaces a WIM-system force sensor downward and stores ‘energy in its'spring element. When the
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| force is removed, the sensor will rebound upward- under the force from the spring and continue
- upward until the force of gravity reverses the movement. This sequence of unbalanced forces acting
~on the sensor will cause it to oscillate until some form of damping dissipates the energy stored in

the elastic system. If another set of tires applies a downward force to the sensor before it comes to

- rest, the force indicated by the sensor (a function of its displacement) will be the resultant of the
applied force and the inertial force of the oscillating sensor. This indicated force can be greater than,
equal to, or less than the applied force. The magnitude of the displacement and the period of

] ~ oscillation of the sensor are functions of its stiffness and its mass. To prevent the interaction of
2 - forces from the sensor with the applied tire forces, the mass and deformation of the sensor should
be small, and damping should bring the sensor to rest quickly after each tire force has been removed.

ik 55_‘ E SiE

2 ; S ' Factors Which Mg_z Cause Error.in Measurements of Dynamic Ttre Force

FORCE SENSOR LOCATION

e Above Road Surface - A tire-force sensor above the road surface creates a bump which must be mounted
‘ by the moving tire. For the tire/wheel assembly to pass over the bump, a force sufficient to displace
the mass of the assembly upward and deform the tire by an amount equal to the height of the bump
must be applied. The force applied to the sensor will normally be greater than the corresponding
. , tire force when the vehicle is static. It is impossible to adjust the force-sensor output to compensate
y ‘ consistently for the additional force imparted by the bump because the magnitude of the additional
force is unknown and vanes with the umque vehicle charactenstlcs and speed involved with every

i measurement ; : T

« Flush With Road Surface The best location for a tire-force sensor is with-the force-recemng surface of
the sensor flush with the road surface. The moving tire experiences no change in vertical force as
it-traverses the surface of the sensor.

+ On Structure - In some WIM systems, gages which sense the deformation of selected elements in a
massive elastic structure, such as a bridge or a culvert, are used as the basis for estimating the tire
forces from a moving vehicle which cause the measured deformations. The entire structure serves
as a force sensor, and the' gages are located at considerable distances from the tire/road-surface
interface where the forces of interest are applied. Errors in dynamic force measurement related to
such location of the sensing elements can be attributed to factors such as mass of the structure,
complex dynamtc behavior of the structure, defonnaaons caused by wind and temperature, multiple
vehicles on the structure simultaneously, speed change as the vehicle crosses the sensor, road-surface
-roughness, and the always present "bump at the end of the bndge

FORCE SENSOR CHARACTERISTICS

i « Sensitivity to Direction of Force Application - The tire-force component of primary interest for in-motion
. : weighing is the vertical component . If tire-force sensors are affected by force components acting
tangential to the road surface, errors in weight estimates may result.

fﬂ + Sensitivity to Temperature - WIM systems must operate reliably over a wide range of ambient
i : temperatures The output signal from the tire-force sensor must be consxstent throughout this range
~ in order to avoid error in weight estimates.

» Tire Ihﬂation-Pressure Effects - The inﬂatiort pressure of every tire is different; therefore, the tire-force
sensor must be insensitive to inflation pressure in order to estimate with minimum error the total
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~ force applied to its force-receiving surface by the tire of a moving vehicle. Tire inflation pressure
affects both the tire-contact area and the distribution of force over this-area. .

Tire Contact-Area Effects - Errors in force measurement can result if -the output from the sensor is
. affected by the size of the tire- contact area or by the distribution of the total force over this area.
The output of the sensor must be the same regardless of where and how the tire applies force to

the force-receiving area to minimize measurement error.

Sensitivity and Linearity - The sensitivity of the sensor must be ?:adequ'ate to prevent measurement error
due to insufficient resolution. A defined linear relationship between applied force and output signal
from the sensor is necessary; a straight line is not necessary, however.

« Mass, Stiffness, and Damping - These sensor characteristics are discussed in the prevxous section in
relation to WIM-system factors which may cause the tire forces produced by a moving vehicle and

by a static vehicle to differ. The desirable sensor charactenstxcs to minimize error are low mass, high

stiffness, and critical damping.

Durability - WIM-system force sensors operate in an extremely hostile environment where they must
withstand ‘millions of apphcatlons of force of various magnitudes. Undetected degradatlon of
performance over time can result in errors in weight estimates.

INSTRUMENT SYSTEM CHARACTERISTICS

+ Sensitivity and Linearity - The overall quality of performance by a WIM system. depends upon the
sensitivity and linearity of the instrument system which processes the signals from the force sensors.
Errors can be: introduced into the measurement process if these factors are madequate in the
instrument system. i

« Stability - Output from the instrument system must be consistent with respect to time. Automatic
compensation for drift and other tlme-dependent measurement inconsistencies can be provided by
the instrument system to minimize error in weight esnmates

Factors Related to Interpretation of Dynamic-Force Signals and
: Weight Estimates

SIGNAL INTERPRETATION

+ Analog-to-Digital Conversion - Most force sensors used in WIM systems produce analog signals. Significant
errors can be introduced into the interpretation of these signals unless proper sampling rates and
precision in conversion to digital form are used. .

« Filtering - Most electrical signals contain some "noise". Error can be introduced if improper filtering
techniques are used in attempting to eliminate or minimize the noise in a WIM-system force signal.

» Averaging - Simple averaging of the dynamic force signal while the tire of a moving vehicle is fully

: supported by the force sensor is frequently used. Error in this.process can result from using an

improper techmque for determining when the tire is fully supported by the sensor as well as from
including excessive force variations in the averaging process
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. Peak Detection - Detection of peak values in a dynamic force signal is a relatively simple process.
Considerable error in interpreting WIM-system force signals can result from using this technique
unless the shape of the force vs. time signal from the sensors and the instrument system is ideal.

. Integratnon - Some WIM-system force sensors do not fully support the entire tire-contact area
simultaneously; therefore, it is necessary to integrate, or sum, instantaneous measurements of tire
force to determine the total force supported by the tire. Unless the signal from the sensor exhibits
a straight-line relationship with respect to force, has no hysteresrs, is unaffected by deformations
which occur in the sensor outside the tire-contact area, and there is no bridging effect of the tire
as it passes from the relatively-rigid pavement surrounding the sensor to the less-rigid sensor, error
will occur when the entire force signal is integrated wrth respect to time.

« Backward Calculation - The accuracy of the reSults obtained by using an algonthm to back-calculate the

forces which caused the measured deformation in selected structural members of a bridge or culvert

- depends very strongly upon how nearly the dynamic behavior of the complex, composrte real-world

structure agrees with the behavior of a simplified equivalent structure under static forces. The

measured deformations are very small; therefore, it is difficult to 1solate the forces assocrated w1th
individual tires with acceptable accuracy :

CALIBRATION AND ESTIMATION OF WEIGHT

« Calibration - The ob]ecuve of calibration is to make the weights estimated by a WIM system agree as
closely as possible with the corresponding weights that would be measured by static scales [4].
Calibration involves adjusting the WIM-system output so that for a representative sample of vehicles,
there is zero difference in the mean value of WIM-estimated weights and the mean value of
corresponding weights measured with the vehicle static. By proper calibration, virtually all bias, or
systematic error, can be eliminated from' WIM-system weight estimates at a particular site.
‘Considerations necessary for achieving such calibration are described by Davies and Sommemlle [5].
Even after cahbrauon, randomly-occumng error in the weight esumates remains.

« Estimation of Weight - As mentioned above, a number of different techmques are used to mterpret the
signals from WIM-system sensors and thus measure dynamic-tire force. Error is involved in this
process as well as in system calibration. The overall accuracy of estimated weight is a function of
how  well ‘the WIM. system handles these errors: “Additional error is -introduced into the
WIM-estimated weights if dynamic tire forces on only one side of the vehlcle are: measured and
doubled to yield axle-weight estimates.

Factors Which Affect the Accuracy of Static-Vehicle Weight Measurements

TYPE OF WEIGHING DEVICE

« Vehicle Scale - The vehicle scale is described in the Glossary (p.2). NBS Handbook 44 [3] classes vehicle
scales as Class III L and gives acceptance and maintenance tolerances in terms of scale divisions.
‘For normal test loads, these tolerances amount to +0.1 and +0.2 percent of the test load,
respecnvely

« Axle-Load Scale - This type of scale is also described in the Glossary (p.2). NBS Handbook 44 classes it
as Class III L and gives acceptance and maintenance tolerances which are the same as for vehicle
scales.

« Portable Axle-Load Weigher - See the Glossary (p.2) for a description of this type of weighing device. NBS
Handbook 44 acceptance and maintenance tolerances are +1 and +2 percent, respectively [3 (p.
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2-23)] for devices not marked with a class. Tolerances for weighers marked Class III, appear to be
somewhat different (as percentages) for devices with vanons numbers of scale divisions and when
subjected to different test loads, but they are probably fmtended to be of the same order of
magnitude. |

» Wheel-Load Weigher - This type of devwe is descnbed in the Glossary (p-2). NBS Handbook 44 tolerances
are the same as for portable axle-load weighers. :

USE OF WEIGHING DEVICE

« Single-Draft Weighing - This is the most accurate way to determine gross-vehlcle welght All tires of the
static vehicle are supported simultaneously on vehicle scales. The vehicle scale may have a single
platform, or it may have multiple platforms. Normally, the scale is adjusted to read the mass of
standard test weights (traceable to the standard of mass at NBS); therefore, the weight measured
is actually mass (neglecting the buoyancy of the atmosphere) and is expressed in avoirdupois pounds
or in kilograms. S

«+ Successive Stops - Gross-vehicle weight or axle-group weight can be determined by successively stopping
the axles of the vehicle on axle-load scales, portable axle-load weighers, or wheel-load weighers. This
yields less-accurate weights because the gross-vehicle welght is redistributed whenever the vehicle
moves and stops on the scales. Torque in the drive train and in the brakes causes vertical

. displacement of the vehicle components, thereby redistributing the weight among the axles. Several
thousands. of pounds of force can be transferred in extreme cases.

. Level Surface - The distribution of gross-vehlcle weight among» the wheels and axles of a vehicle is a
function of their relative vertical positions. Since WIM sYstems, of necessity, measure tire forces
“when all wheels on the vehicle are nearly in the same plane, it is important that this same
juxtaposition be present when the vehicle is weighed statically so that corresponding weight values
are being compared. Again, several thousands of pounds of force can be transferred among wheels
on a vehicle when one or more wheels is displaced verticaliy (either up or down). The same is true
for axles or axle groups on the same vehicle or vehicle combination. Differences in WIM-system
estimates of weight and weight measured on static scales can be, and frequently are, attributable to
the fact that the portion of the gross-vehicle weight on the tire at the time each measurement is
made is actually different. To minimize error in static weighing, the tire-road contact area of all tires
on the vehicle being weighed should be approxlmately m the same horizontal plane when every
measurement is made.

« Inertial Forces - Inertial forces related to a moving mass, such as a load of liquid cargo, can cause
components of a stopped vehicle to oscillate. No weight measurement should be taken until such
inertially-induced oscillations have subsided to a point that mdlcated weight is changing only slightly.

CONCLUSION

Many of the factors that can affect the accuracy of a WIM system are identified above; no doubt,
there are others. The magnitude of the effect of each of these factors is variable, and complex interactions
among the factors can occur. As mentioned in the previous discussion, steps can be taken in the design and
application of a WIM system to control the effects of certain factors, but others (e.g., an out-of-round tire)
cannot be controlled. The net effect of all factors at any given time is the matter of concern to a WIM
system user.

Each user must decide what level of accuracy - in terms of a tolerance value and a probability of
conformity - is required for every WIM system application. In making this decision, consideration must be
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given to the levels of accuracy that can be attained by available WIM systems under actual field conditions.
Then, an appropriate system can be chosen.

A standard specification for four different highway WIM-system configurations, along with
appropriate user requirements and test methods for evaluating the performance of each type of system, are
being developed by a committee of the American Society for Testing and Materials (ASTM). The purpose
for this development is to give potential WIM-system users a convenient means of identifying the
performance characteristics of various system configurations, including accuracy, and of specifying a system
that will be adequate for the intended application. o '
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WIM SYSTEM ACCURACY
Wiley D. Cunagin, P. E, Ph.DD.

This paper addresses the measurement and expression of the accuracy of WIM systems The subject
of WIM accuracy is very important yet frequently misunderstood by both the vendors and users of WIM
systems. As a result, it has often been difficult to compare the specifications published by vendors or to
determine which WIM system is most appropriate to a specific apph tion. Consequently, recent studies have
addressed the need for better defined measures of accuracy and methods of applying then to WIM systems.
These are presented in this paper along with a dlscussnon of the problems associated with measuring the
accuracies of WIM systems.

ACCURACY MEASURES

Accuracy is the quality of conformity of a measured value to an accepted standard value. It can be
expressed as either an absolute difference or as the ratio of the error of the indicated value versus the true
value, usually a perCent

A related quantity, precision, is the quality of repeatability of measurement data. It is usually
expressed in terms of the standard deviation of the errors of a sample set of measurements ‘of the same

quantity.

Weight Data Accuracy
For truck weight estimates, the absolute difference is nonhally expressed as follows:
AD = WIM Weight - Static Reference Weight N )
The percent differerlce is normally expressed as follows: ‘
Wim Weight - Static Reference Weight

PD = | X 100 )
Static Reference Weight

There are two methods that have been commonly used in the U.S. to express the accuracy of weight
data produced by WIM systems. Both use differences in truck weights obtained by a WIM system versus
weights obtained using static scales. These differences in the weights are normally expressed as a percentage
of the static weight as defined in Equation 2. For the first method, the mean (systematic error) and
standard deviation (random error) of these percent errors are calculated. Figure 1 illustrates the systematic
and random errors on a histogram of a typical distribution of errors from a WIM system.

The systematic error indicates whether there exists a bias in the WIM system. This type of error can
usually be reduced by improved calibration procedures. The random error has a zero mean by definition and
indicates the spread (or scatter) of the data about the systematic error value. The random error is strongly
influenced by the pavement profile. It can be reduced by controlling the smoothness of the approach to the
WIM transducer. There is also recent evidence that more complex calibration procedures could be adopted
to offset the effects of pavement roughness. These take into account vehicle type and position of the
axle/axle group in a nonlinear relationship.

The second method for expressing the accuracy of WIM systems is based on the cumulative

distribution function (cdf) of the errors. Under this approach, the followmg steps are followed:
1. The error is calculated for each observation
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2. The observations are then placed in order from lowest to highest
3. The percent of values that are less than or equal to each value of error is then plotted as
illustrated in Figure 2.

Possible bias i the WIM system can be assessed from the cdf by exainining the median (50th
percentile) value shown in Figure 2. The random error can be determined from the 15th and 85th percentile
values, which correspond roughly to the mean plus or minus one standard deviation from the median error.

The principal differences in the two methods is the treatment of extreme outliers - the cases where
the WIM results are greatly different from the static scale results. With the first method (systematic and
random error), all data are included in the calculations so that a few extreme outliers can result in values
of the systematic and random error that make the overall result unacceptable even when most of the WIM
scale estimates are very close to the static scale values, Usmg the second (cdf) method, the effects of the
most extreme deviations are ignored. This latter approach is beneficial if account is to be taken of the
fact that a portion of the heavy trucks in the traffic stream at any location have poor suspension systems
andjor out-of-round tires that make it impossible to weigh them accurately with any WIM' system

S]:_oeed Data Accuracy

The ablllty of WIM systems to accurately measure the speeds of vehicles is another important item
to be considered in WIM accuracy. Accurate speed measurements are important not only for their own
significance but also for the fact that they are used in other calculations, including thc calculation of axle
weights from transducer readings and the computation of axle spacings.

Axle Spacing Accurag

The accuracy of WIm system axle spacing computations depends on both the speed accuracy and the
precision of the recording of the time that each axle strikes an axle sensor. Accurate axle spacings are also
important t the classification of vehlcles within FHWA Scheme F.

Vehlcle Classxﬁcatlon

With the publication of the FHWA Traffic Monitoring Guide, the Scheme F Vehicle Classification
schedule shown in Table 1 is now generally accepted as standard. The question of accuracy in vehicle
classification in WIM systems is then one of how accurately the correct vehicle type for each vehicle that
is welghed is identified.

In addition to evaluating the accuracy of each vehicle, it may also be useful to consider whether
compensating error occur. That is, whether the number of vehicles of Type X misclassified as Type Y are
offset by the number of vehicles of Type Y misclassified as Type X. This is particularly true with automatic
vehicle classification (AVC) equipment, which is not addressed in this paper.

Table 1.. FHWA Scheme F Vehicle Types

Type Description
1. Motorcycles (optional)
2. Passenger Cars
3. Other 2-Axle, 4-tire Single Unit Vehicles
4. Buses
5 2-Axle, 6- tire Single Unit Trucks
6. 3-Axle Single Unit Trucks
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7. 4 or More Axle Single Unit Trucks
8. 4 or Less Axle Single Trailer Trucks
9. 5-Axle Single Trailer Truc

10. 6 or More Axle Single Tralgser Trucks
11 5 or Less Axle Multl-Traller Trucks
12, .6-Axle Multi-Trailer Trucks

13. 7 or More Axle Multi-Trailer Trucks

THE PROBLEM OF MEASURING WIM SYSTEM ACCURACY
As indicated in the previous paragraphs, the determinatioxﬁ of WIM system accuracy requires the
availability of an acc:epted standard value. In fact, a directly measurable standard value does not exist.

Instead, we must use measurements of the static weights of the \{ehlcle as the reference. However, the

forces applied by the tires of a truck to a static scale are not the same as those applied to the WIM

transducer. The differences between the forces occur due to several reasons. First, the wheels and axles of
moving vehicles oscillate in a complex manner as they travel down the highway. This is due, in part, to the
' dynamic response of the trucks when perturbed by pavements roughness. The pattern of oscillation varies
. from vehicle to vehicle although there appear to be similarities in the behavior of axles at the same position
* and of the same approximate weight on trucks of the same type. Second, the internal shifting of the gross
vehicle weight among axles is significant under actual hlghway conditions. Third, wind and other
environmental effects cannot be ignored.

Since the WIM system-produced axle, axle group and Bross | wehlcle weights are normally compared
to results for the same vehicle obtained from a static scale, it is clear that there can be significant errors
even if the WIM system accurately measures the forces (weight) apphed to it. In fact, laboratory tests have
shown that WIM transducers generally do accurately measure the forces applied to them when those forces
are measured with independent measurement systems.

Another problem of measuring WIM system accuracy lies in the accuracy of the static weighing
devices that are used to establish the standard reference values against which the WIM results are compared.

It was shown in an extensive study by Dr. Clyde Lee of the Universiiy of Texas that the process of weighing

trucks using available static scales in the highway environment is not very accurate when certain types of
static devices are used (1). In that study, Dr. Lee examined the accuracy of several types of WIM systems,
static scales, and static weighing procedures, including the following: :

L HSWIM - High Speed WIM: Radian-type load cell WIM transducers installed flush with
the pavement surface in the main highway lanes.

2.  ISWM - Intermediate Speed WIM: Radian-type load cell WIM transducers installed flush
. with the pavement in the ramp to a truck weight‘e]nforcement area.

3. LSWIM - Low Speed WIM: Radian- type load cell WIM transducers installed flush with the
pavement in the ramp to a truck weight enforcement area.

4, AX/WHL - Axle and Wheel Scale: Two static sciale platforms, each 4 x 6 feet in plan
dimensions, arranged side-by-side and mounted flush with the pavement.

S. AX/GRP - Axle Group Scale: Two static scale platforms, each 30 inches by 8 feet in plan
dimensions, arranged side-by-side and mounted flush with the pavement surface.

6. AX/GRP (RAM) - Axle Group Scale: Two static scale platforms, each 30 inches by 8 feet
in plan dimensions, arranged side-by-side and mounted so that truck tires being weighed first
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had to roll up an approach ramp. The height of the platform was approximately 4 inches
above the pavement surface.

7. WLW/M300 - Wheel Load Weigher Model 300: A hydraulic portable rollover wheel load
wexgher 20 x 10 inches in. plan and 3 1/4 inches high.

8. WLW/M400 Wheel Load Weigher Model 400: A hydrauhc portable rollover wheel load
- weigher 20 x 10 inches in plan and 3 1/4 inches high w1thout the rollover option found in
the Model 300. :

-9, WL/lOO Wheel Load Scale: WL100: A low profile “hydraulic wheel load weigher
approximately 18 x 27 inches in plan dimensions and 0.79 inches high.

Table 2 shows the range m varlabllxty of the results for each static scale for 60 trucks sampled in
the study :

Table 2. Variability of Static Scales.

Range‘in variability (%‘Standard Deviation) by weight Estimate k

TYPE OF
'SCALE WHEEL AXLE AXLE GROUP  GROSS VEHICLE
(reference)
AX/GRP 191032 0.8 to 2.25
AX/GRP (RAM) 171051 12 t0 43
WLW/M300 -16.9 to 1925 -12.25 to 13.5 795 10 8.25 49510 56
WLW/M400  -132 to 18.95 -11.55 to 17.1 295 t0 735 -1.6 t0 5.55
WL/100 127 10 1235 -4.25 10 5.55 245 10 3.8

6.6 t0 8.45

. The values in Table 2 represent the lower and upper bounds of the error values that include
approximately 68% of all of the observations. If these values shown in Table 2 were doubled, they would
include approximately 95% of all of the values observed.

It is clear from Table 2 that even accurate, calibrated, and well-maintained static scales do not weigh
trucks without error. Since these devices are used as the reference against which WIM system weight

estimates are compared, it is important this understanding into procedures for evaluating and calibrating |

WIM systems.
CONCLUSION
It is important that users and vendors of WIM systems use a common basis in terminology and

methods for selecting and evaluating the performance of WIM systems. The terms and methods described
in this paper have gained wide acceptance and can provide this basis.
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WEIGH-IN-MOTION (WIM) STANDARDIZATION:
STIMULATION, DEVELOPMENT & MORE STIMULATION

by Lawrence E. Hartl
Standards emerge through nurturing and expenence The Ainencan Society for Testing and Materials
(ASTM) is an excellent case in point. Over 30,000 members through 140 specific committees were voluntarily
responsible for over 8500 ASTM standards at the beginning of 19$8 The mission of ASTM Committee E-
17 on Pavement Management Technologies is the stimulation of msearch the dissemination of knowledge
and the development of principles, techniques and standards for pavement management technologies. The
scope of Subcommittee E17.42 on Traffic Characteristics is, "The Subcommittee shall investigate and develop
the principles, techniques and standards related to the collection, analysns and application of traffic data, such
as weight, classification, speed and volume." |
ASTM Subcommittee E17.42 began as an ad hoc task group: on WIM standards. The first exploratory
meeting was held June 3, 1986, in San Antonio, Texas. 22 participants represented state highway
departments, the Federal Highway Administration, state enforcement activities, university research programs
and manufacturers. It turned out to be an extremely productive planning session. Three semiannual meetings
later, the group became a full-fledged subcommittee and had a draft standard ready for the formal ASTM

CONSensus process. :

The 6/14/88 proposed Standard Specification for Highway Weigh-in-motion (WIM) Systems with User
Requirements and Test Method is being balloted concurrently by Main Committee E-17 and Subcommittee
E17.42 (receipt deadline Oct. 27, 1988). The document has a caveat about reproducing or quoting outside
ASTM committee activities. In general though, it: |

1. Groups WIM systems according to intended apphcanons

2. Establishes performance levels for each group.

3. Lists requirements for users providing adequate environments.
4. Provides a method for type testing and for in-place calibration.

Anyone requesting the complete document is entitled to receive éne but in receiving it they must adhere
to the caveat.2 ‘

Significant stimulation and development is occurring outside ASTM. As part of the Heavy Vehicle
Electronic License Plate (HELP) Project, the Arizona Department of Transportation (DOT) sponsored the
study "Development of Weigh-in-motion Performance Specification.” The objective was a specification which
could be used nation-wide. Texas A&M Research Foundation is responsible for this study, and Dr. Wiley
D. Cunagin authored the final report. The study focused on WIM systems suitable for 55-65 mph traffic.
Accuracy, durability and life-cycle costs were primary criteria. One recommendation is to consider using the
best 75% of each performance sample. A specification is appended to the final report.3

The National Cooperative Highway Research Program (NCHRP) has three correlated projects. One
is Project 3-34, The Feasibility of a National Heavy-vehicle Monitoring System, by Arthur D. Little, Inc.
(final report soon). The second is Project 3-36, Development of a Low-cost Bridge Weigh-in-motion System,

! president, Rainhart Co., Austin, Texas, USA.

2 ASTM, 1916 Race St., Philadelphia, PA 19103-1187, Re: COn'mit‘tee Letter Ballot E1702(88-2), lssue Date

Sept. 15, 1988, Item No. 6.

3 Arizona DOT, Transportation Planning Division, 206 S. 17th Ave., Phoenix, AZ 85007.
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by Bridge Weighing Systems, Inc. (2/3 complete, final report late 1989). These first two studies are
stimulating but, in the strict sense, do not have standardization as part of their tasks.

The third NCHRP Project is 3-39, Evaluation and Calibration Procedures for Weigh-in-motion
Systems, by Texas A&M University. The stated objective "is to develop a procedure(s), covering all WIM
system applications, for (1) acceptance testing, (2) on-site calibration, and (3) periodic verification of systems
performance.” Because of commonality, Dr. Wiley D. Cunagin, Principal Investigator, and Mr. Frank N. Lisle,
Senior Program Officer, started a technical dialogue with ASTM Subcommittee E17.42 at its June 6, 1988,
meeting. Dr. Cunagin’s work has progressed through an interim report, including a detailed set of evaluation
and calibration procedures. A final report should be available early 1990.*

. 'The Federal Highway Administration contracted with SPARTA, Inc., to measure WIM accuracies
relative to various pavement roughness and to determine approach length and smoothness required to
achieve stipulated accuracies. The results included the development of an empirical relationship and
procedures to calculate smoothness necessary for given accuracy. Full particulars are in "Calibration of
Weigh-ins-motion (WIM) Systems, Volume I: Summary and Recommendations, and Volume II: Final
Report.”

The Transportation Research Board (TRB) A2B08 Committee on Traffic Characteristics is the most
focused WIM activity outside ASTM. TRB does not promulgate standards, but A2B08 consistently stimulates
research and has steadfastly sponsored an informative WIM session at each TRB annual meeting every
January. One concern of A2B08 is law enforcement persons not knowing much about WIM potentials nor
what various states are doing with these potentials. Responsible officials in every state need to understand
and plan for WIM, without re-inventing the wheel state by state. On January 14, 1988, in their then task
force meeting, A2B08 voted to promote a WIM enforcement symposium.®

In conclusion, questions seem most appropriate. On June 8-9, 1988, ASTM and the Permanent
International Association of Road Congresses (PIARC) co-sponsored the First International Symposium on
Surface Characteristics at State College, Pennsylvania. There were many excellent presentations on topics
ranging from texture through rolling resistance to pavement management. Singularly lacking, though, was
significant consideration of real traffic, the primary cause of lower skid resistance, greater roughness and
increased distress. Is simple average daily traffic (ADT) good enough? Or does the highway industry need
to know the distribution of axle weights and spacings by time of the week and season? What do you think
about the possibility of a WIM symposium for legislatjve, legal and enforcement officials? Should there be
a separate symposium on traffic characteristics: measurement and application? ASTM Subcommittee E17.42
is interested in your viewpoint.”7

4 Transportation‘Research Board, 2101 Constitution Ave., N.W., Washington, DC 20418.

5 ‘
FHWA, RD&T Report Center (HNR-11), 6300 Georgetown Pike, McLean, VA 22101-2296, Re: Publication Nos.

FHWA-RD-88-128 and 129 respectively.

-6 .
Mr. Perry M. Kent, Chairman, FHWA (HPM-30), 400 Seventh St., S.W., Washington, DC 20590.

7 Mr. Lawrence E. Hart, Chairman, Rainhart Co., P.0. Box 4533, Austin, TX 78765.
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COLORADO’S APPLICATIONS OF WEIGH-IN-MOTION DATA
FOR HIGHWAY PLANNING

Tom Talmadge P.E., Branch Manager '
Division of Transportation Development, Colorado Department of Highways

Like most states, until recently the only avenue for vehicle welght data was from information which
was gathered at the Port of Entry stations or through "loadometér surveys. We all know the problems
inherent with the "loadometer" surveys such as seasonal bias, locanom bias, a limited amount of information
and the always present scale evasion problem. Although the Port of Entry information eliminates the

seasonal bias at some particular locations, the problems associated wlth limited locations and scale evasion
still exists.

Because of these limitations, vehicle classification and welght data has been limited and somewhat
inadequate for planning and design purposes. With the advancements in Weigh- -In-Motion (WIM) technology
over the past few years these problems are being eliminated in Colorado

Colorado first moved into the world of WIM in 1983, when we sponsored the first National WIM
Conference in Denver. The success of that conference coupled with the knowledge gamed allowed Colorado
to acquire their first set of WIM equipment and implement a pilot program. Since that time we have
purchased 4 complete sets of Golden River WIM equipment which we utilize for all our planning needs.

The acquisition of this equipment was only the first step in the development of an overall vehicle
size and weight program for Colorado. The second major step was the implementation of a program which
utilizes thlS technology in the development of integrated planning and design programs.

The objective of the first phase of this program was to identlfy the procedures requnred to have the
most cost-effective vehicle size and weight program possible while prov1d1ng the necessary planning data for

decision makers to allocate our declining financial resources in a cost effective manner to maintain that the
integrity of the highway system.

It should be noted that the intent of this program, at this point, was not to address needs for data
on specific road segments, i.e. design data, but rather to provide statewide averages on specific functional
classifications of roadways which in turn may be used to supplement site specific data.

The basis of this program is the Federal Highway Highway Administration’s (FHWA) Traffic
Monitoring Guide (TMG). Using this in coordination with our existing traffic counting program, our
Highway Performance Monitoring System (HPMS) program and' the criteria of the Strategic Highway
Research Program (SHRP) we have created a Traffic Monitoring Program for Colorado which will meet all

the traffic data needs at the local, State and Federal level including any data needs concerning vehicle size
and weight. |

Initially, Colorado basically followed the guidelines set forth in the TMG. We have identified 230
sites which we will collect vehicle classification data only. At 90 of these 230 sites, we will also collect weight
data using our WIM equipment. Although the TMG stratifies these sites into only two groups, Interstates
and other roads, Colorado opted for an expanded stratification so as to increase reliability. Currently these
sites are distributed over eight functional classifications which include the following:
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Urban Interstate 16 Rural Interstate 14
Urban Other Freeway 6 Urban  Other Prin. Atr. 14
Rural Other Prin. Art. 10 Urban Minor Art. 2
‘Rural Minor Arterial ~ 18 Rural Major Collectors 10

Rural Minor Collector 0 . .Urban Collectors .~ - 0
Sub-Collectors (locals) - 0 :

Our initial site selection was concentrated on the State Highway system. Given that Colorado does
not have any State Highways which are functionally classified as Rural Minor Collectors, Urban Collectors
or Sub-Collectors, no size and’ we1ght data was scheduled to be collected on these functional classifications
at this time.

‘This was done primarily because the vast majority of heavy vehicle traffic is on the State Highway
system and the first priority for Colorado was to address the needs for the State Highway system. In
addition, prior to the acqursltlon of WIM equipment, Colorado’s size and weight program ignored our
urbanized areas of which we currently have 7. It was decided that one of the top priorities of the new size
and weight program was to establish a database for these urbanized areas starting with the State Highway

ystem Prior to WIM this was vrrtually impossible.

Colorado like many states only conducted their loadometer studies during the summer, at a very
limited number of sites and for a short. period of time. Specifically in Colorado, our study was always
conducted durmg August, every two years, at 12 sites and for only 6 hours at each site.

An example of some of the information we were missing is illustrated in a test site we monitored
wrth WIM equipment to determine if there were any changes during harvest season in eastern Colorado.

- During the non-harvest season most of the vehicles were of legal weight of 85,000 pounds. However, during

harvest season it was noted. that a significant number of vehicles were running overweight at approximately
100,000 pounds. In fact one vehrcle observed during this period weighed in excess of 140,000 pounds.

One can easily see that thls program was not adequate enough to address the questions of seasonal
variation or even daily variation not to mention the inadequacies of the program when it was utilized to0
develop mformauon for 9,200 miles. of State nghway

Today, Colorado s size and werght program has resolved these inadequacies since we now collect size
and weight data all year round, excludmg the winter months due to snow and freezing conditions, for a
minimum of 48 hours at each site and in some instances we wrll collect data for 7 days straight to investigate
if there are any variations during the week.

Even though Colorado has only had this 1n1t1al WIM program in place for approximately a year, it
has already proven to be mvaluable in' many planmng dec1srons which have recently been made.

The most notable use of thrs WIM data was in the update of the Colorado Highway Cost Allocation
Study. Utilizing data which was derived for our new size and weight program, travel characteristics for all
13 of the vehicle classifications on each of the functional classifications was derived. In addition, weight data
was available, for each vehtcle classification and functional classification, which ultimately lead to the
allocation of highway user cost responsibilities. The results of this study indicated that heavier vehicles were
responsible for 35% of the user cost responsibility but only accounted for 21% of the user tax payments.
This has now allowed the decision makers to better understand who is causing the damage to our highways

and affords them the opportunity to develop strategies which will mitigate these impacts. Without the WIM
‘equipment the level of data available would be drastically reduced and the cost for data collection would

be significantly increased and in the end the validity of the study would be in jeopardy
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As with any new program, you must learn to crawl before you walk and walk before you run. And
with each new step comes new challenges which were not present before. As I noted earlier, our initial
program concentrated only on the State Highway system. This did not mean to indicate that Non-State
Highways are not critical, but in the past we had always assumed whatever occurred on the State Highway
system could easily be applied to the Non-State Highway system.

With the advantage of WIM, we can now afford to monitt;)r heavy vehicle traffic on the Non-State
Highway system, and develop programs which will also address the needs on these roadways.

The first need for this came when we presented the Cost A:dlocation Study to our Legislature which
was to be a basis for determining a roadway funding package, including a review of the diesel differential
and gasoline taxes of Colorado, which has been noted as being some of the highest in the nation. One of
the first questlons asked was how does this study relate to Non-State Highway roads, which was obviously
a valid question since any funding package being reviewed would apply to all roadways and not just State
Highways. With the capabilities of WIM we are now conducting a similar study on Non-State Highways.
Without the WIM data this would not have been feasible. ‘,

This has also led Colorado into another area of use for WIM data and that is the development of
roadway management systems. A pilot project in which the Department of Highways is involve in is with
one particular county within Colorado currently who feels that a large number of overwelght vehicles are
utilizing the local roadway system for short term projects such as onl drilling, and are responsible for the
rapid deterioration of many of their roads. !

However, due to limited resources they have been unable to prove this. In coordination with the
Department of Highways WIM data will be utilized to first determine if indeed an excessive number of heavy
vehicles are using these roads and if they are overweight. If this proves to be the case, additional WIM data
will be utilized to establish an "impact assessment and permit" process which will help mitigate the damages
being caused by these vehicles. In addition, if this program proves | to-be successful, the county has expressed
an interest to collect additional WIM data which will aid them in the establishment of a roadway planning
and management system.

The Department of Highways has also received a request from another county requesting our
assistance in developmg a roadway monitoring system in which they can more accurately monitor the travel
on their roadways using WIM and thus be able to plan for future road development as well as better
maintenance of their current roadway system. |

|

Both of these pilot projects along with several other requests for this type of information has led
the Department of Highways to the determination that it is absolutely essential that our size and weight
program be expanded to include all public roadways for all functional classifications, including sub-collectors.
This goes beyond the TMG and the HPMS program as currently defined by the FHWA, but Colorado feels
that in order to make the decisions which must be made in todays economic environment this is absolutely
necessary.

Two new areas in which Colorado is exploring the use of WIM data is in the monitoring of vehicles
which are not required to:clear our Ports of Entry. Two such groups are mmtary vehicles and recreational
vehicles.

In Colorado, using WIM data, it has been noted that on several occasions military vehicles are
carrying excessive weights, Such an instance was recorded recently which: monitored a convoy of flat-bed
trucks with two tanks or armored personnel carriers which weighed in excess of 100,000 pounds. Regardless
of whether or not these vehicles are legal, in order for the State to plan an adequate transportation system
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which can sustain these weights it is essential that we know how many of the vehicles are travelling our
highways such that the necessary adjustments can be made. Without WIM data this would not be possible.

As for the recreational vehicles, the question was raised during the review of our Cost Allocation
study as to how much damage do these type of vehicles cause in Colorado. Since Colorado is a high
recreation State, it is felt that these vehicles, which can get quite heavy, are causing a significant amount
of damage, especially on the lower functionally classified roads, but the trucking industry is getting the blame
and expected to carry the burden. It is the intention of the Department of Highways to develop a program,
using WIM data, which can be utilized to monitor these types of vehicles for the development of planning
policies which will properly assess these vehicles the damage they are causing to the roadways.

This basically describes Colorado’s current utilization of WIM technology and data for planning
purposes. In addition, WIM data is also being utilized in other areas within Colorado, including design and
enforcement however, 1 will reserve discussions concerning Colorado’s activities in these areas for another
time. ‘

Although we feel Colorado has come a long way since our first exposure to WIM at the 1983
Conference, we feel that we are still in our infant stages. We know how to walk but we fall a lot. There are
many areas yet to be explored before we feel that our program is stable and able to walk on its own. I look
forward to learning many new ideas at the Minnesota WIM Conference which we will utilize in Colorado
to move us ahead to the point we will be able to run.
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DYNAMIC FORCES VERSUS STATIC WEIGHTS - - HIGHWAY DESIGN
Herbert F. Southgaté P.E., Kentucky Transpoﬁation Center

The contents of this paper reflect the views of the author who is responsible for the facts and
accuracy of the data presented herein. The contents do not necessanly reflect the official views or policies
of the University of Kentucky, of the Kentucky Transportanon' Cabinet, or of the Federal Highway
Administration. This paper does not constitute a standard, specxﬁcauon or regulation. The inclusion of

manufacturer names and trade names are for identification purgoses and are not to be cons1dered as

endorsements.
INTRODUCTION

v A Golden River welgh -in-motion (WIM) system has been purchased by the Division of Planning,
Kentucky Transportation Cabinet. Among the questions asked at the time of purchase were:

. What calibration number should be used?
. Will the number change as a functlon
Individual weigh mat,
Pavement type, and/or
Different highways.
. How are WIM data to be converted to equlvalent static truck scale values?
A research study was initiated in an attempt to answer as many of the above questions as possible.

CALIBRATION FACTORS

The manufacturer’s literature suggested calibration factors for each of the two weigh mats based on
vehicle gross weight. The predominant vehicle on Kentucky interst;ate pavements is the Class 9 truck -- a
S-axle semitrailer truck. A WIM site was selected so that the permanent truck scale could not be seen. The
permanent truck scale was located approximately 1 mile past the WIM site. Data were collected for Class
9 trucks using both WIM and permanent truck scales in sufficient quantities to provide a matching of
approximately 200 to 300 trucks from both sets of scale data. The range of calibration factors extended 20
units above and below the recommended value. Data were collected at intervals of 10 units (for example,
167, 177, 187 (recommended value), 197, and 207). !

Comparison of WIM versus static scale data for the steering axle (Figure 1) indicated such
differences that data were analyzed by axle location on the vehicle rather than by gross vehicle weight.
Scatter in the data suggested that the ratio of static to WIM axleloads might prove to be more meaningful.
Figures 2 and 3 illustrate variations in the ratios of static axleload/wim axleload as a function of WIM trailer
tandem axleload and calibration factor. Figure 4 shows data for drive tandems using the same calibration
factor value as for Figure 3. Note the reduced scatter in ratio values in Figure 4 compared to Figure 3. An
average ratio was calculated for the drive tandem and trailer tandem for each calibration factor value. A
regression between average ratio and calibration factor was calculated for each mat and the calibration factor
calculated for a ratio of 1.00 as shown in Figure 5 for mat A. Flglpre 6 illustrates the same analyses based
on gross welght Similar comparisons were made for the second mat with similar results.

Figures 1-4 suggested that investigations for converting WlM data to equivalent static data should
be based on axle group and by location on the vehicle rather than by gross load. For verification of the
assumption, data were collected at a site on an asphaltic concrete pavement section of 1-64 in Shelby
County, Kentucky. After setting the calibration factor value for mat A, data were collected by both WIM
and permanent truck scales until approximately 1600 trucks in Classes 4 through 12 had been correlated.
This group of data formed the basis for the analyses contained in this paper.
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WIM VERSUS STATIC

“Figure 7 illustrates the relationship between WIM and static axleload data for the steering axle. The
heavier axleloads are known to be associated with large dump trucks (Classes 5 and 6) operating out of
limestone quarnes and which have wide flotation tires on that axle. Note that the WIM axleload is
approximately 70 percent of the static axleload. This relationship was noted during an earlier effort at a

- WIM site located just past the top of a vertical curve on a rigid pavement and the WIM site was within view

of the permanent truck scale. Often there was sufficient truck traffic at the permanent truck scale to cause
a backup of trucks to form on the shoulder of the mainline pavement. As the trucks came over the top of
the hill, drivers would see the backlog of trucks and take their foot of the gas pedal and the front of the
truck could be seen to drop in elevation.

Companson of static to WIM axleloads for four-tired single axles are shown in Figures 8 and 9 for
dnve and trailer axles respectively. Similarly, the relauonshnps for drive and trailer tandems are shown in
Figures 10 and 11 respectively. In Figures 8-11, there is a grouping of data for relatively low WIM axleloads
corresponding to much higher static axleloads. These data groups suggest the possibility of axles bouncing
over the capacitance pad because they are relatively unloaded while the static scales would capture the total
load. In Figure 8, there is the possibility that the torque between the tire and pavement surface is causing
a resultant force located at a different angle compared to single axles not subjected to torque such as on

trailers. Torque involves a horizontal force vector such that the total force vector is not in the vertical

direction. In Figure 10, the slope of the data for drive tandems is flatter than the slope shown in Figure 11
which suggests again that torque is reducing the vertical component (Figure 10) compared to tandems on
trailers. Figures 12 and 13 contain data for drive and traller tridems respecnvely, but the scarcny of data
does not warrant defmltlve conclusions. ‘ ,

‘ Regressmn analyses were performed using data shown in each of Figures 8 through 13. Table 1
contains the constant and coefficients and other statistical data for each type of axle assembly and by
locauon on the truck.

ANALYSES OF WIM DATA

Figures 14 and 15 contain the same data sets shown in Figures 10 and 11 respectively except the
difference in the WIM recorded data for each axle is expressed as a percentage difference. The data
groupings suggest the possibility of the effects of various suspension systems, but there is no data to confirm
such suspicions. Gillespie determmed the dynamlc effects of three suspension systems as shown in Figure

16 (1). For the torsion bar suspension, there are approximately 2.5 cycles of dynamic force per second. The
- number of cycles per second increased to 3.5 and 10 for four-leaf and ‘walking-beam suspensions respectively.

In addition, the range of dynamic force appears to be approximately the same for the torsion bar and

four-leaf suspensions, but a much larger variation for the walking-bearn suspension. Unfortunately, the

capacitance pad weigh systems did not provide any data output of dynamic force variations for each axle.

' The data were. separated into sets for the ﬁrst and second axles for both the dr1ve and trailer
tandems as shown in Figures 17-20 respecuvely Figure 17 shows that the data tend to separate into small
groups that might be a function of type of axle suspension. Regression analyses were made for each axle
location within the tandem. Equations for each axle were evaluated on 1,000-Ib increments and the resulting
data points are shown in Figures 21 and 22 for dnve and trailer tandems respectwely

Flgures 23-25 present WIM axleload data for the first, middle, and last axle within the drive tridem
versus total WIM tridem load. The majority of vehicles were in Class 7. For these vehicles, the air-lift
suspension axle is the leading axle in the tridem and is reflected by the wider scatter in data. Similarly,
Figures 26-28 are for tridems on trailers, but the scarcity of data precludes any definitive conclusions for
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trailer tridems. Figures 29 and 30 illustrate the evaluated rcgressm‘m equations for individual axle locations
in the same manner as Figures 21 and 22 for tandems.

VEHICLE VELOCITY

Figures 31-39 present the relationship between vehicle velocny and vehicle gross load for Vehicle

275 ) Classes 4 through 12 respectively. Data for Vehicle Classes 5, and 8 through 11 (Figures 32, 35 through 38)

suggest the possibility of a relationship between gross load and vel'ucle velocity.

The ratios of static gross load to WIM gross load for all vphlcle classes were combined and sorted
into ranges of gross load. The ratio versus vehicle velocity was plo;ted for each vehicle in its load range as
shown in Figures 40-45. Regression analyses performed for each of Figures 40-45. The middle line is the
mean fit to the data and the upper and lower lines correspond to plus and minus one standard error
respectively. Figures 40-45 show that as the load increases, the r¢lat10nsh1p between ratio of gross loads
becomes a constant regardless of vehicle velocny

WIM DATA AND AASHTO PAVEMENT DESIGN

The 1974 and 1986 AASHTO Pavement Design Gmdes contain load-equivalency relationships
developed from fatigue analyses of pavements at the AASHO Road Test. These relanonshlps are applicable
to a four-tired smgle axle and an eight-tired tandem axle. The effebts of the steering axle (a two-tired axle)
were included as a part of the rear loaded axles as implied by the statement, "During the 25 months of
regular traffic operation, a total of 556,880 vehicle trips (1,113,760 applications) was made in each traffic
lane, and thus over each surviving test section.” (2). The load per tire for the steering axle of the five-axle
semitrailer truck carrying a nominal 32,000-pound tandem load e;;ceeded the load per tire of the tandem,
ie., 4,400 pounds per tire on the steering and approximately 4,100 per tire for the tandem (see Table 4, page
14, ref. 2). The 1986 AASHTO Guide provides load eqmvalenme$ for tridem axles by substituting "3" for
"L2" in the AASHTO equation C-15 (3): ;
log(Wt)= 5.93 + 9.36log(SN+1) - 47910g(Lx+L2) + 43310g(L2)‘ + Gt/B (1)

Neither the 1974 or 1986 AASHTO Guides provide a method to account for uneven load distribution
between axles within the same group, or the effects of tire contact pressure on the surface of the pavement.

WIM AND KENTUCKY PAVEMENT DESIGN

The 1981 Kentucky Pavement Design procedure provides ioad equivalency relationships for:

. two-tired steering axle,

. - four-tired single axle,

. eight-tired tandem axle with 54-mch spacmg between axles, and
. twelve-tired tridem axle with 54-inch spacing bewdeen axles.

Kentucky research efforts since 1981 have resulted in a mechanijstic method to account for uneven load
distribution within tandem and tridem axle assemblies and tire fontact pressures for these various axle
arrangements (4). It is recognized that some researchers do not agree necessarily with the Kentucky load
equivalencies. The Kentucky procedure is the only known mechamstlc method that is based on the same
criterion throughout and can account for these variations that do exist. The real importance for using the
Kentucky factors in these analyses is not for the values themselves, but for illustrating the relative effects
of using load-equivalency factors appropriate to the number of tires and axles involved in the group,
inclusion of the effects of uneven loading, and effects of tlre contact pressure.
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FATIGUE CALCULATIONS

Faugue calculauons usmg AASHTO and Kentucky load equivalency relatnonshnps were made for the
same 1,600 trucks weighed by both WIM and static truck scales and analyzed earlier. Analyses were made
for the static truck scale axleloads, WIM recorded axleloads, and WIM recorded axleloads adjusted to an
equivalent static value using the regression equations given in Table 1. Tridem axleloads have been
eliminated from the calculations for both methods because of insufficient data. Calculated EALs using the
AASHTO load equivalency factors are given in Table 2. Calculated EALs using the Kentucky load
equivalency factors and adjustments for uneven load distributions and tire contact pressures are given in

‘Table 3. Totals given in Tables 2 and 3 are expressed as percentages in Table 4. At the AASHO Road Test,

tires were inflated to 75 psi and the contact pressure with the pavement was' calculated to be 67.5 psi.
Accounting for uneven load distributions and increased tire contact pressure may cause as much as a 90
percent increase in fatigue compared to the assumption that all loads are divided equally between the axles
within that group and at a tire contact pressure of 67.5 psi. ~

DISCUSSION

FHWA transmitted a synopsis of Report FHWA-RD-88-128 & 129 titled, "How Smooth for WIM?"
The synopsis discusses the need for smoothness and length of "smooth" pavement ahead of the WIM site
to determine "level of acceptable error”. The immediate reaction is to ask "for what purpose?" If weight and
law enforcement is the objective, then the approach should be as smooth as possible. However, if the
purpose of collecting WIM data is for determining faugue for that pavement as may.be the case for SHRP

- long-term pavement performance test sections, then it is suggested that the pavement should not be modified

in any way ahead of the WIM site. No two pavements will be identical. Pavement roughness will affect the
dynamlcs and suspension behavior on trucks which also will be reflected in the rate of deterioration of the
pavement. If the purpose of the WIM site is to collect data for long- term monitoring as a part of the SHRP
program, this author suggests that the approach should not be modified. Thus, the purpose for collecting
WIM data should be considered before decisions are made to modify the approach.

FUTURE RESEARCH
WIM data will provide evidence needed to better understand the resulting dynamic loadings by the
various suspension systems now in use. Also, such data should help in designing new suspensxon systems to

reduce dynamlc forces on: pavements.

The current load- -equivalency factor relationships must be revised. Steering axles on today’s trucks

substantially exceed steering axleloads used at the AASHO Road Test and can no longer be considered as

insignificant. For example, using the Kentucky relatxonsh1p for the steering axle, a steering axleload of 5,400
pounds has a corresponding load-equivalency factor of approxxmately 0.05. However, an 11,000- -pound
axleload, typical of steering axles for today’s "cab-over" trucks, is approximately 0.43 -- nearly a 10-fold
increase. It is noted that the five-axle semitrailer truck used on Loop 6, Lane 2, at the AASHO Road Test
had a steering axleload of 10,800 pounds (Table 4, ref. 2) -- 5,400 pounds per tire. The "loaded axles" carried
approximately 48,200 pounds -- 6,025 pounds per tire.

'Additional research is needed to better define the effects of uneven load distribution, higher tire
contact pressures, and the lateral distribution of vehicles in the lane. Uneven load distribution includes
distribution of the load between axles within the same group (tandem, tridem, etc.) and uneven tire inflation,
and/or contact pressures between dual tires or compared to any tire in the group (including flat tires). The

effects of single tires, regular width or wide flotation, on load distribution requlres investigation. This

combination is being used in many sections of the United States and Europe. It is suspected that higher tire
contact pressures are the cause of the "double rutting” in a given wheel track now being observed on some
pavements. It is possible that the primary mode of pavement failure may change from fatigue to a punching
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shear failure because the contact area decreases as tire inflation pressure increases. Thus, the
pavement-behavior research picture becomes more complicated rather than simplified. WIM data will help
to deﬁne some of these problems and should help to solve some of the mysteries seen today
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TRAILER SINGLE AXLES.
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FOR DRIVE TANDEM AXLES.
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| TRAILER TRIDEMS
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| FIBURE 13. WIM TRIDEM LOAD VERSUS STATIC TRIDEM
1B e LOAD FOR TRAILER TRIDEM AXLES.
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FIBURE 14. WIM LOAD VERSUS PERCENT DIFFERENCE
FOR DRIVE TANDEM AXLES.
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FIGURE 17. TOTAL TANDEM AXLELOAD VERSUS FIRST
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FIGURE 19. TOTAL TANDEM AXLELDAD VERSUS LEADING
AXLELOAD FOR TRAILER TANDEM AXLE GROUP.
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FIGURE 20. TOTAL TANDEM AXLELOAD VERSUS TRAILING
~ AXLELDAD FOR TRAILER TANDEM AXLE GROUP.
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FIGURE 21. COMPARISON OF REGRESSION EQUATIONS FOR
RESPECTIVE AXLES IN DRIVE TANDEM GROUP.
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FIGURE 22. COMPARISON OF REGRESSION EQUATIONS FOR
RESPECTIVE AXLES IN TRAILER TANDEM GROUP.
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FIGURE 26. RELATIONSHIP BETWEEN WIM TOTAL TRIDEM
LOAD VERSUS LEADING AXLELOAD FOR TRAILER

TRIDEM GROUP.
54




AALELOAD,
(Thousands)

TRAILER TRIDEMS

 MMOOLE AXLE

" - &
.o

w4
10 4
18 -
14 <
13 -
12 4
1w

104

$ -
‘-
7 -
[ &
8§ -

4- o

10

st (Thousonda). - .
W4 TOTAL AXLELOAD;: POUNDS

FIGURE 27. . RELATIONSHIP BETWEEN WIM TOTAL TRIDEM

ALELOAD,
(Thousonds)

124

B i Sl

 LDAD VERSUS MIDDLE. AXLELOAD FOR TRAILER
TRIDEM BROUP. =

TRAILER TRlDEMS

ST ARLE

17 -

184
14 4
13 4

11 -
10 ~
9 <
P
?-
§ -
i

WM TOTAL AXLELOAD, POUNDS

FIGURE 28. RELATIONSHIP BETWEEN WIM TOTAL TRIDEM

"LOAD VERSUS TRAILINB AXLELDAD FOR
TRAILER ‘TRIDEM 'BROUP. ’

55



DRIVE TRIDEMS
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SPEED-LOAD COM PARISON

CLASS 4 VEMCLE
30
n/
43 4 o
°
-
i
o
B
g 25
e o
20 - ° e e °
° o
" - L4 T ¥ v ¥ B v Li ' LA A
s » « " 7 7% ” e
VELOCITY, WPH
FIGURE 31. VEHICLE VELOCITY VERSUS VEHICLE GROSS
LOAD FOR CLASS 4 VEHICLE.
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LOAD FOR CLASS S5 VEHICLE.
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SPEED LOAD COMPARISON
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FIGURE 33. VEHICLE VELOCITY VERSUS VEHICLE GROSS
LDAD FOR CLASS & VEHICLE.
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FIGURE 34. VEHICLE VELOCITY VERSUS VEHICLE GROSS
LOAD FOR CLASS 7 VEHICLE.
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FIGURE 42. VEHICLE VELOCITY VERSUS RATID OF
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TABLE |, POLYNOHIAL COEFFICIENTS TO ADJUST WEIGH-IN-MOTION DATA 10

i ——————

---------

EQUATION FORMAT: Y = a + b)Y + cX*2

C

b

a

STANDARD ERROR

R*2

F RATIO

NUHRER OF OBSERVATIONS

4

b

3

STANDARD ERROR

pe2

F RATIO

NUMBER OF OBSERVATIONS

STEERING

DRIVE AXLE

......

SINGLE TANDEN TRIDEN

-0.000021589
1.3313494303
1641.3641617
1051, 6604504
0.7808836423
2872.4109067

16135

0.0000061306 -0,0000841751 -0.0000304723
0.5710284024 - 1.5035340031  3.0087339324
4135.5077939 -3930.5004888 -25467.820407
1903,64097285 2548.9995497 3044.8081838
0.7777160252 0,9006533333. 0.7505157055
353.59435727  5697.8320442 108.297660387

252 1260 75

TRAILER AXLE

SINGLE . TANDEM TRIDEN

-0.0000359639 -0.0000243243 -0.0000195474
1.577666216 2.0031561485 2.114225245
-1067.2289282 -B615.7658813 -12941.477115
1513.46248287 2687.908828 3414.8376245
0.8307619998  0.9105734028 0,9466890612
366.02388608  6068.483008 B88,7893818%4
144 1195 13

65

ot

oS

o>



TABLE 2. CALCULATED EAL USING RECORDED WEISH-IN-HOTION DATA,
STATIC SCALE DATA, AND WEIGH-IN-MOTION DATA ADJUSTED
T0 AN EQUIVALENT STATIC VALUE USING LDAB EDUIVRLENCV
FACTORS BY AASHTG LOAD EDUIVALENCIES

-----

S===

KENIUCKYVHEISH-lN-HOTIUH USING STRUCTURAL NUMBER
AASHTO LOAD EQUIVALENCIES L] 3

STEERING AXLE ; 110.77 103.78
4-TIRED SINGLE AXLE, DRIVE 87.15 B5.40
h-TIRED SINGLE AXLE, TRAILER 44,31 .64
8-TIRED TANDEN AYLES, DRIVE 937.30 908.42
8-TIRED TANDEM AXLES, TRAILER T14.47 699.99
TOTAL BY AASHTU L0§D EQUIVALENCIES 1895.99 1840.43

KENTUCKY STATIC SCALE WEIGHTS
USING AASHTO LOAD EGUIVALENCIES

STEERING AXLE

4-TIRED SINGLE AXLE, DRIVE 75,77 72.86
4-TIRED SINGLE AXLE, TRAILER 28,54 26.13
8-TIRED TAMDEN AXLES, DRIVE 983.83 948.76
B-TIRED TANDEN AXLES, TRAILER 510.97 486,41
TOTAL AASHTG 1768.97  1690.07

WETGH~IN-HOT10M RECORDED WEIGHTS
ADJUSTED TO EQUIVALENT STATIC WEIGHTS
AND USING AASHTO LDAD EBUIVALENCIES

STEERING AXLE ' 252,40 229.63
§-TIRED SINGLE AXLE, DRIVE 68.61 65.22
4-TIRED SINGLE AXLE, TRAILER 36.13 33.74
8-TIRED TAMDEM AXLES, DRIVE 523.04 494,11
8-TIRED TANDEN AXLES, TRAILER 479.79 433.32
TOTAL EQUIVALENT STATIC 1339.96 1276.05

STRUCTURAL NUMBER

SUMNARY L] 3

TOTAL BY AASHTO LOAD EQUIVALENCIES 1895.99 1840.43
TOTAL STATIC AASHTO 1768.97 1690.07
TOTAL EQUIVALENT STATIC 1359.96 1876.035




TABLE 3. CALCULATED EAL USING RECORDED WEIEH-IN-MOTION DATA, STATIC SCALE DATA, AND MEIGH-IN-MOTION DATA

ADJUSTED 7O AN EQUIVALENT STATIC VALUE USING LOAD EQUIVALENCY FACTORS BY KENTUCKY METHOD

RECORDED WEIGH-IN-HOTION DATA AND
KENTUCKY LOAD EQUIVALENCY FACTORS

STEERING AYLE

4-TIRED SINGLE AXLE, DRIVE
4-TIRED SINGLE AILE, TRAILER
8-TIRED TAMDEM AXLES, DRIVE
8-TIRED TAMDEM AXLES, TRAILER

RECORDED WIW TOTAL

~ RECORDBED STATIC WEIGHTS AMD

KENTUCKY LDAD ERUIVALENCY FACTORS

STEERING AXLE

4-TIRED SINGLE AXLE, DRIVE
4-TIRED SINGLE AXLE, TRAILER
8-TIRED TANDEM AXLES, DRIVE
8-TIRED TANDEM AXLES, TRAILER

RECORDED STATIC TOTAL

YENTUCKY WEIGH-IN-HOTION DATA
ADJUSTED TO EQUIVALENT STATIC WEIGHT
AND KENTUCKY LOAD EQUIVALENCY FACTORS

STEERING AALE
4-TIRED SINGLE AXLE, DRIVE

- 4-TIRED SINGLE AXLE, TRAILER

8-TIRED TANDEM AXLES, DRIVE
8-TIRED TAMDEM AXLES, TRAILER

WIN-EQUATED TOTAL

SUNHARY

RECORDED WIY TOTAL
RECORDED STATIC TDTAL
RIN-EQUATED TOTAL

1102

EVEN LOAD DISTRIBUTION

LOAD TIRE PRESSURE
EQUIVALENCY 75 FSI 103 PSI

-

211.03 263,69 517.24
87.77 94,56 120.24

39,85 52,93 34.40

358,31 387.09 97.88
349,15 377.20 483,16

1046, 11 1167.42 1675.14

511.18 543.47 . 1250.92
87.77 94,56 120.26
31,35 33.177 42.95

231,57 250,17 321.78

o 267,15 290.78 374,00

1312.75 2111.90

489.82  616.59 120,58
5942 b6.23 81,469

28,46 30.64 2897
295,35 308,27 396,50
238,18 25731 330.9%

——————— -

101,81 1277.03

2048.70

EVEN LOAD DISTRIBUTION

LoAD TIRE PRESSURE
ERBUIVALENCY 73 PST 109 PSI

1046.11 1167.42 1675.14
1131.02 1312.75 2111.90
£101.41 1277.03 2048.70

UNEVEN LOAD DISTRIBUTION

——————

LOAD TIRE PRESSURE
EQUIVALENCY 73 PST 105 PSI

474,40 512.51 639.19
472.36 510.30 636,36

1265. 41 1425.95 2007. 66

321.9 3587.82 447,37
399.51 432.03 99368

1352.14 1551.65 2419.18

389.60 420,90 541,37
353,484 381.80 491,07

1320.90 1514.16 2353.68

UNEVEN LOAD DISTRIBUTION

——

L0AD TIRE PRESSURE
EQUIVALENCY 79 PSI 103 P8I
1285.41 1425.95 2007.66
1352.16 1551.45 2419.18
1320.%0 1514, 16 2333.68
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TABLE 4. TOTALS IN TABLES 2 AMD 3 EXPRESSED AS PERCENTAGES

EAL USING AASHTO LDAD EQUIVALENCIES

RECORDED WINM 1,840 100
RECORDED STATIC 11690 92
WIN EQUATED TO STATIC 1,876 89

EAL USING KENTUCKY FACTORS

EAL
TIRE CONTACT PRESSURE, PSI TIRE CONTACT PRESSURE, PSI
5 75 105 .5 75 105

ASSUMING EVEN ACCOUNTING FOR
LOAD -DISTRIBUTION UNEVEN LOAD DISTRIBUTION
RECORDED WIN 04 1,187 1,075 1,285 1426 2,008
RECORDED STATIC 131 L33 2R 352 L5 2,419
WIN EQUATED TO STATIC HIOL 1,277 2,089 1,31 1,516 2,35

PERCENT

TIRE CONTACT PRESSURE, PSI

87,5 75 105

ASSUMING EVEN
LOAD DISTRIBUTION

RECORDED WIM 100 112 160
RECORDED STATIC 108 126 202
WIN EQUATED TO STATIC 105 - 13 196

TIRE CONTACT PRESSURE, PSI

87,3 e} 105

ACCOUNTING FOR
UNEVEN LOAD DISTRIBUTION

123 136 192
129 148 231
126 143 225




PAVEMENT MANAGEMENT AND THE PAVEMENT POLICY

- William A. Nostrand, Jr., Chief, Pavement Management Branch
Federal Highway Administration Office of Highway Operations
' Paveme'nt Division

Pavement Management Pollcy

A notice of Proposed Rule Making (NPRM) was published in the Federal Reglster on January 26,
1988. It allowed the usual 90 days for comment, but because the AASHTO sub-committee on Pavements
was meeting in early May, they requested an extension of the comment period so that the commmee could
present its official position. Everyone therefore had a full 120 days to comment.

- There were 70+ responses to the NPRM and it has taken all summer to resolve all the comments
and prepare a final rule. That rule now has the approval of our Executive Director, Dick Morgan, but still
needs the endorsement of the Office of Management and Budget (OMB) We are expecting the pubhshmg
of a final rule before the end 'of the year.

~ Probably the most significant element of the Pavement Policy is the mandate that all State highway
agencies must have a pavement management system (PMS) in operation and acceptable to FHWA within
reasonable time but not later than 4 years after the date of issuance of the final rule.

A principal capability of any acceptable PMS is it’s data analysis unit. This unit of the PMS takes
the inventory data, the condition survey data, and the traffic (load) data and in its analysis is able to
recommend to the decision- maker what pro;ects need to be done, the strategy alternatives available for
those projects, and their cost. The bottom line of a good PMS is to be able to: predict performance over
time which will lead to future needs and ulnmately to the ant1c1pated budgets for the State Highway
Program :

The most significant part of this discussion is the necessity for load information. The equivalent
smgle axle loads (ESAL’s) bemg applied to the pavement are absolutely essential to the entire process.

I am afraid that highway engmeers in the past have been remiss in that they designed pavement
structures and even predicted performance of the pavement on the basis of a percent of trucks in the average
daily traffic (ADT) Highway engineers are fully aware today that we not only have to know how many trucks
are using our pavements but we need to know axle loads. i

How do we get* that 1nformation? 7

The best way is by weighing each and every truck axle load and measuring distance between axles.
To do that using the old static scale installations is of curse virtually impossible. Moreover, we also know
that 5 minutes after the static scale installation is open, the word is out over the CB radios and many of
the heaviest trucks find a way to avoid being weighed making the information obtained totally inadequate.

The answer of course is WIM!

In addition to the mandate on Pavement Management included in the Pavement Policy, is the
requlrement that the States have a pavement type selection process and a design process on new and
reconstructed pavements. It also requires a design process and consideration of alternative strategies on the
rehabilitated projects. (Incidentally, the term rehabilitation as used in the Pavement Policy includes the other
two "Rs" - Resurfacing and Restoration) It goes without saying that a pavement type selection procedure
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and a pavement design process cannot be accomplished without good load data. There’s no question about
~ it, FHWA is advocating WIM both directly and indirectly by the mandates of its new Pavement Policy.

The Policy states that the FHWA has adopted as guides, the AASHTO "Guidelines on Pavement
Management" (1985) which is soon to be revised and updated and the "AASHTO Guide for Design of
Pavement Structures” (1986). Please note that I said "adopted as guides.” It is not mandated that the State
use either of these documents but they are put forward as tools acceptable for use if the State needs them.
If a State has a proven design process which has been used effectively over the years, then that process will
be acceptable 10 FHWA to fulﬁll the mandate for design process. |

These concepts wﬂl be further explamed in the FHPM whlch will be issued, accompanymg the
Pavement Policy. The policy is only two pages long. The FHPM will be about a dozen pages.

The policy also requires that an engineering and economi analysis be made on every project to

assure that the project represents a cost effective solution to the need. This analysis period will include the.

initial performance period and at least one rehabilitation. It requires that all alternauve solutions be
considered over this same time period. b ‘ :
{
Again, in order to be able to do an acceptable engineering and economic analysis, good load data
is essential. Good load data cannot be obtained without WIM. ‘ :
|

Itis 1mportant to note here that in the area of truck load d}ata some 1mportam statemems need to
be:made. . ;

K »Currently the 3-S-2 heavy combinatioh trucks (18 Wheelers) contribute about 0% of the
accumulative 18 Kip ESAL’s, so you need to know where those trucks are.

. The number of trucks on our highways is growing at twice the rate of the GNP. But ‘mor‘e
important than that, the ESAL’s are growing twice as fast as the number of trucks.

- A real boost to WIM in the future wili be an automatic reachng of the 1dem1ﬁcat10n of vehicles. The
title of a recent article in the August issue of TR News is "HELP Is On The Way." The article gives a
summary of the progress of HELP (Heavy Vehicle Electronic License Plate program). Thirteen States and
one Port Authority have come together with the trucking industry in their endeavor. This experiment will
be very instrumental in bringing about (1) tighter industry control of vehicles and their loads, (2) greater
understanding of roadway use and (3) better administration of exxstmg laws and regulations. All of which
will provide better data and tend to reduce the impact on our highways. The FHWA in an attempt to
encourage the use of automatic data collection and automatic cla].%mﬁcanon equipment is currently in the
process of promulgating a demonstration project. The following js a brief descnpnon of Demonstration
Project No. 76 which should be available after the first of the newf year,
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DEMONSTRATION PROJECT NO. 76
AUTOMATED TRAFFIC/TRUCK WEIGHT MONITORING EQUIPMENT
' (WEIGH-IN-MOTION)

William A. Nostrand, Jr FHwA Office of Highway Operations
Demonstration Projects Division
and
Office of Information
Traffic Monitoring Division

INTRODUCT ION

 Truck usage in the United States has led to prevtously unexpected demands on the highway
infrastructure in terms of its structural integrity, need for maintenance, enforcement of size and weight laws,
allocation of user costs, and estimation of the impact of such growth on future highway investments. In order

o properly deal with these truck related issues, hlghway administrators and designers have an increasing

need for reliable data on truck characteristics. Some of these characteristics include axle loadings applied
by various truck types and axle arrangements, propomon of the active truck universe that have various axle

: arrangements and weights, and numbers of trucks in operation that exceed ‘legal welght limits.

Vartous technologtes have been emergtng to obtain the types of data needed to address the truck
issues mentioned above. These technologies have been focused under the general terminology of weigh-in-
motion (WIM). While each WIM technology may differ in the approach of providing the data, each is
directed to obtaining the vehicle’s overall weight, individual and grouped axle weights, and spacing between
axles while the vehicle is in motion. : :

The various types of WIM technology have been tried with varying success by State highway agencies
(SHA) and research orgamzattons both in the Umted States and abroad. Wetgh-tn-motton has the potential
of providing large quantmes of truck data in a cost-effective manner. WIM can provide valuable information

on truck weight and other characteristics over periods of time and under traffic and/or environmental

conditions.that are. 1mpracttca1 ‘using static weighing techniques. Weigh-in-motion can provide this

1nformat10n without the delay inherent in conventional static weighing of trucks, as well as eliminate some
of the ptoblem of evasion of known static weighing operations, resulting in a significant bias in the data
collected. f

OBIECTIVE

The objective of this project is to provide State Highway Administrators, pavement designers, weight
enforcement personnel, and planners with an understanding of the various types of WIM technologies, their
accuracies and reliability, installation costs and procedures, the approximate costs of each and their
maintenance requirements, the appropriate application of each, limitations to their use, and cost-effective
methods of coordinating WIM data collection to support a multitude of users. ‘ V

SCOPE

It is proposed to demonstrate the equipment using a workshop presentation format. Approximately
2 to 3 days will be devoted to the technical presentations supplemented with visual aids and references to
FHWAS Traffic Monitoring Guide. The technical presentations will be presented to State highway agency
plannmg, pavement management, ‘weight enforcement, data collection, pavement design, and tax policy
development personnel. Interest by all SHA’s is anticipated.
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Initially the project will include discussions on WIM equipment in use by SHA’s and recent
developments in WIM equipment technology. This discussion will include load cell, capacitance pad, and
strain gage based systems. Other equipment such as that using piezo-electric cable and film or fiber optic
media will be discussed as some of the emerging WIM technologles

The availability and justification of Demo funding for the cvaluatron of various types of automated
traffic data collection equipment will be discussed.

To the degree possible, various WIM devices will be operated under field conditions. This aspect
of the project will depend on the availability of WIM equipment from nearby SHA'’s and the willingness of
manufacturers to provide equipment and technicians. It is planned that each type of WIM technology would
be discussed. Specific equlpment w111 be available for hands-on demonstratlon at the request of the attending
States. »

The project will not be promoting any of the equipment or fsystems as models, but will be illustrating
principles and concepts through the examples for both project level and statewide data collection efforts.

The project presentations will be divided into the following modules:

MODULE 1 INTRODUCTION TO THE TECHNOLOGY OF IN-MOTION WEIGHING OF
HIGHWAY VEHICLES

Audience SHA Upper Management (Highway Director and %Immediate Staff)
Length 1 hour (maximum)
Objective  To gain the support of the State highway director for promoting WIM activities, and to

inform him/her of the availability and advantages of the latest automated classification and
weighing equipment technology for ‘the collectiOngof_ traffic data.

Method It would be desirable, schedule permitting, for the Division Administrator to introduce the
~ Demonstration project to the highway director and his/her immediate staff. Using handouts

and other visual aids, the project manager will then present an overview program dedicated

to the importance of the technology of automated data collection. It will include reports on

previous work in the technology, as well as updatés on related work efforts. A part of this

presentation will be devoted to the topic of automatic vehicle classification (AVC)

~equipment, and its relationships with WIM.

MODULE 2 ' AUTOMATED HIGHWAY DATA COLLECT ION EQUIPMENT

Audience - SHA Managers (Pavement and Structural Desxgn, Pavement Management, Planning,
Enforcement)

Length 4 hours

Objective = Within the context of the overall traffic data gathermg efforts, inform the management

personnel of the State highway agencies of the various types of automatic data collection
equipment for in-motion weighing and for classification of traffic currently available.
Discussions will include appropriate uses and proper applications of each technology as well
as their relative purchase, installation and operating costs, and relative accuracies. ‘




Method

MODULE 3
Audience
Length

Objective

Method

MODULE 4
Audience
Length

Objective

Method

MODULE §
Audience
Length

Objective

- Method

Using handout materials and other visual aids, the project manager will identify all of the
automated equipment available, and explain the uses and applications, sample installations,
and State experlences

APPLICATIONS AND ANALYSES OF HIGHWAY DATA

* SHA Managers (Design, Planning, Enforcement)

4 hours

To present a detailed discussion on th¢ potential applications of the data collected by WIM
as well as: AVC equipment.

The project manager will use visual aids as well as a microcomputer to demonstrate and
explain the utility of the data for pavement design, highway planning, traffic forecasts, and
enforcement strategies. Software will include that developed by FHWA and SHA’s.
DEMONSTRATION OF WIM AND AVC EQUIPMENT

SHA Managers (Open to All Levels)

4 to 8 hours

To demonstrate available WIM and AVC technologies for the benefit of the State and local
participants. :

With the cooperation of State personnel, as well as equipment manufactures, the project
manager will demonstrate available WIM and AVC equipment. This will make use of
operating scale models of both permanent and portable WIM and AVC technologies. The
equipment will be: dlsplayed ina mobxle exhibit, which will be made available to the SHA’s
on request.

EQUIPMENT EVALUATIONS
SHA Mid Level Management
1 hour

To evaluate innovative techniques and new automated traffic data collection equipment and
systems through actual field applications.

States would evaluate newly developed and innovative automated data collection equipment
and techniques which are not yet widespread in use. Performance results from other systems
will also be discussed.

ADDITIONAL INFORMATION

. Project Manager - Perry Kent of the Office of Information Management, Traffic Monitoring Division

Pilot Presentation - Targeted for early December in Washington, D.C.



Formal project announcement, solicitation of interest from the States, and scheduling of
presentations - January 1989

Workshop presentations - Targeted to begin in February 1989 and expected to continue until we
have visited every State that requests the workshop.

Fourth National WIM Conference - Planned in about 3‘yeérs when this project will be closed out.

For further information - We invite you to visit FHWA’s booth in the in the exhibitor’s area.
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APPLICATIONS OF WEIGH-IN-MOTION IN SHRP’S
LONG TERM PAVEMENT PERFORMANCE STUDY

Neil Hawks, Strategic Highway Research Program, Washington, D.C.

The Strategic Highway Research Program (SHRP) is a five year $150 million effort to achieve rapid
progress in highway technology. It is one of the largest programs ever funded in highway research, and has
drawn the interest of highway researchers from around the world. The SHRP program includes four technical
research areas: Asphait, Pavement Performance, Highway Operatlons and Concrete/Structures. Practical, cost
efficient and innovative results in these areas will brmg important savmgs in highway construction and
maintenance costs.

The Long Term Pavement Performance (LTPP) study is planned as a 20 year effort. The specific

- objectives of the LTPP study are:

1. | Evaluate existmg de51gn methods

2. | ‘Develop 1mproved design methodologles and strategies for the rehabilitation of existing
pavements

3. Dei(elopi~improved design equations for ;iiew and reconstructed pavements

4 Determine the effects of loading, environment, material properties and variability,

construction quality, and maintenance levels on pavement distress and performance

5. Determine the effects of speciﬁc design features on pavement performance
6. Establish a national long-term pavement data base to support SHRP objectives and future
. needs

The LTPP program include two types of studies: General Pavement Studies (GPS) and Speciﬁc Pavement
Studies (SPS). The GPS will include 800-1000 existing pavement sections located throughout the United

States and Canada. The following 8 experiments:

Asphalt Concrete over Granular Base
Asphalt Concrete on Stabilized Granular Base
Jointed Plain Concrete Pavement

. Jointed Reinforced Concrete Pavement
- Continuously Reinforced Concrete Pavement
_Asphalt Concrete Overlay of Asphalt Concrete
Asphalt Concrete Overlay of Jointed Concrete Pavement
Unbonded Jointed Concrete Pavement Overlay of Concrete Pavement

For each of the experiments a matrix has been developed to include a number of variables ie.,
subgrade type, base type, thickness, traffic and environmental (wet-dry, freeze-no freeze). The complete
experimental design would fill each cell in each matrix with 2 projects.

Speciﬁc Pavement Studies will a have their own set of more limited goals, construction needs, and
experimental approaches; and are generally aimed at more intensive studies of a few independent variables.

CItis expected that most of the SPS test sections will be specifically designed and constructed pavements




i

having characteristics needed for specific studles Several plans for 1mplemenung the SPS portion of the
study are under consideration.

The primary goal of the GPS expenment is to develop a national data base that will provide the
needed data to meet the objectives of LTPP. The data that will be collected for each GPS section can be
considered in two broad categories. The first is basic inventory data, which includes those items that remain
constant over the monitoring penod The second is monitoring data, which includes those items that w111
change with time and will require periodic measuring or updating| durmg the 20 year period.

Monitoring data includes distress records, deflection test;mg results, profile measurements, skid
resistance, traffic and axle loads. The majority of the data will be collected by SHRP’s contractors. However,
the traffic data collection is the state’s responsibility.

It is important in the LTPP monitoring effort that valid traffic data collection and analysis
procedures be developed and carried out. This will allow reliable and accurate estimates to be developed
of the total number of equivalent single axle loads (ESALs) that have been and are currently being applied
to the selected GPS pavement sections. In order to calculate the total number of ESALS it is necessary to
obtain volume of vehicles, vehicle classification counts and truck weight data for the individual vehicle types.

In June 1988 two Expert Task Groups (ETG) were formed to provide SHRP with recommendations
for the traffic data collection. One ETG was concerned primarily wnh WIM equipment, its cost and accuracy,
and the second ETG with data collection forms and procedures. Both of these groups included
representatives from universities, state highway agencies, and the Federal Highway Administration.

The ideal traffic data for the LTPP study would consist of weigh-in-motion data for all days since
each GPS section was opened to traffic. Unfortunately, at no site does such a data base exist. In most cases,
a minor amount of traffic volume and classification information has been kept by state agencies for GPS
sites and in a few cases, vehicle weights have been taken at sites near GPS locations. Even in future years,
few states will be able to deploy and operate WIM permanently at GPS sites, because the cost of WIM
equipment and data collection is so high. Thus, SHRP must rely on a sample of traffic volumes and weights
to reduce the amount and cost of data collecnon required to a level wmch more acceptably matches available
funding and resources.

When considering traffic data collection, two time frames are relevant, "historic data” (i.e., that data
previously collected on or near GPS sites from the time they were constructed until the present) and "new
data” (that data which could be collected after GPS sites are selected and SHRP traffic data collection
activities begin). '

In the recommended plan, data to be submitted for these two time periods differ. Little choice is
avajlable on the type and quanuty of historical data that could be submitted. Thus, it is recommended that
the states submit what data is available, along with a description of how that data is manipulated to
represent average annual traffic and traffic loadings. It is 1mportant that states provide their best available
data, but that they do not "invent" numbers. Where data is not available states should simply indicate this
fact. This will allow the researchers to make necessary decisions on how best to use the available data.

Theoretically ideal data could be collected during the "new" period but funding constraints limit the
"new" data that can reasonably be requested from states specifically for SHRP purposes. Thus, the
recommended plan described below was developed with the intent of providing sufficient data at a lower
total cost.

As indicated above the ideal traffic data collection plan for SHRP LTPP GPS sites would require
weigh-in-motion equipment to be located at each site and to operate 365 days a year. This scenario was
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envisioned by many of the researchers who initially conceived the GPS study. Unfortunately, the low cost

'WIM equipment required to allow collection of these data has not yet been adequately developed and is not

currently usable at many GPS sites. Purchase, installation and operatlon of traditional WIM equipment for

1000 GPS sites would cost roughly $40 million over the next six years: Even if current low cost equipment

were suitable for all GPS locations, the cost of 1000 sites would be $17.5 million. These costs significantly

‘exceed the funding available through SHRP plus the funds most states expect to contrtbute to the SHRP
reffort.

The Expert Task Groups (ETG) considered a number of alternative data collection plans. After

reviewing these alternatives and the WIM equlpment limitations, the combined expert task groups developed
‘the plan outlined below. This plan provides the minimum level of data collection that SHRP believes is
‘necessary for the success of the LTPP project. The estimated cost of this minimum plan as roughly $11.7
~ million for the purchase, installation and operation of automatic vehicle classification (AVC) equipment and

another $13 million of the purchase and operation of wetgh-m-motton equipment. However, for this
recommended plan, much of this WIM cost could be reduced by usmg existing portable equipment already
owned and operated by the states. :

Continuous WIM data at each GPS site should be collected by states, if possrble Where such data
collection is not reahsttc the followmg data collection plan is recommended:

A Automauc Vehtcle Clamﬁcatlon Counts at each GPS test section
Mmlmum s _]_D_gg_lr_atﬂg
1-365 day count completed ' Continuous 365 days per year
by June 1992 = operating by June 1991
B. Axle weights at each GPS test section
Minimum Desirable
- 48 continuous hours during 1-7 day continuous count per
- weekdays and 48 continuous truck season*

hours during weekend for
each truck season*

Collection of axle weights at each GPS site should be completed by June 1992. It may be necessary
to make addtuonal axle wetght counts m later years.

*A truck season is defined as a period of time durtng a calendar year when a significant change in expectcd
truck weights occurs. For example in agricultural areas truck weights for specific vehicle types may change
several times durmg the calendar year as different crops are harvested.

C.  Regional Wetgh-m Motion Sites
A limited number of WIM sites will be installed and operated 365 days a year for measuring
the temporal vartauon in wetght data These sites do not necessarily have to be at GPS test
- sites.

- The intent of the data collection program recommended above is to provide sufficient (but
cost-effective) data to SHRP. The data to be collected for each GPS site must pertain to that GPS site and
can not be a "system average.” This is because the actual loadings experienced by each GPS site are expected
to vary significantly from site to site due to variations in the number of trucks, the types of trucks and the
wetght of trucks. Because the LTPP project is concerned with site specific pavement deterioration, the
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pavement performance of respective sites must be well matched with the actual loadings impacting that
pavement.

To understand exlstmg variations in traffic, measurements must be taken to determine the fluctuation
of traffic characteristics across hours of the day, days of the week, and seasons of the year. Traffic
characteristics vary from site to site, depending on such factors as

. local economic development,

. the amount of "through" traffic,
. levels of weight enforcement,

. a variety of other variables.

While it is probable that some traffic trends are fairly consfam between similar sites, local changes'

in economic or enforcement activity may cause significant changes (both long and short term) at some sites
while not impacting others. Consequently, data collected at one loimtxon may or may not be applicable to
other locations. Thus, a reasonable amount of data collection mus; take place at each site. This need for
site specific data collection must be balanced against the cost of collecting data at those sites. Sampling
traffic characteristics at each site reduces the amount of traffic data that needs to be collected and processed,
but a good samplmg plan requires prior knowledge of the populatmn being sampled in order to adequately
match the sample size to the expected sample accuracy. In most cases, the available traffic data at each
GPS sites is considerably less than what is necessary to perform a valid sample design. Furthermore, in order
to collect adequate amounts of traffic data to develop a sampling plan, equlpment would need to be placed
on a long term basis (e.g., one-year minimum) at these sites.

Once this data base existed, a good sample design could be made to reduce the amount of data
collection required to adequately measure the traffic charactcnstim However, once the data collection
equipment is in place, it is less costly to let the equipment run ‘conunuously, than it is to send traffic
counting staff to the site to perform short duration sampling counts, Thus, the concept of sampling has only
limited applications for the LTPP effort.

To address the needs for site specific information while limiting the cost of data collection, a plan
which features both short and long duration on-site data collection and some regional long term data
collection was developed. This plan is structured so that sufficient site specific data can be collected at each
site to allow the identification and application of "pattern” mformatlon determined at regional sites to
individual GPS locations. |

Two types of site specific traffic data collection are requested in the recommended plan, vehicle
classifications and truck weights. Vehicle classification data will be collected from 365-day per year traffic
recorders. Truck weights at each site will come from short duration measurements in most locations.

The collection of vehicle classification data provides SHI& with the total traffic volume on GPS
sections by vehicle category. Thus traffic volumes are a "free” output of the classification counts.

Because vehicle class information also provides volume data, the use of continuous automatic vehicle
classification (AVC) counters at each site eliminates the need for "traditional” ATR stations. The permanent
AVC stations will provide the same data on traffic fluctuations by time of day, day of week and season as
an ATR station, while at the same time providing information on ihe number and type of vehicles passing
those points.

The need for 365 day counts at each site comes from two areas. In the first, it is important to
understand how truck volumes at each site vary over the year. Truck volumes at some sites will vary
considerably as a result of the activities in the surrounding region, while other sites will have relatlvely minor
seasonal impacts. Without a measure of seasonality at each site, it would be likely that short duration counts
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would provide misleading information concerning annual volumes at that site. (For example, if the short
count was taken during a high truck volume period, the total number of axles impacting the road would be
over-estimated.) 365 day AVC will provide seasonal fluctuation data for all truck types throughout the year.

This information is also important when looking at historical traffic data While traffic volumes
change contmuously, changes from year to year are fairly small. (For example, a high growth rate for a site

is above 5 percent per year, whereas, the difference between January and June traffic levels are often as

large as 50%). Thus, a single year of 365 day AVC counts will not only provide invaluable information on
the fluctuation of traffic from January to June, it should significantly improve the estimates of total traffic
loadings on GPS sections since the section was opened by providing a baseline against which historic short
count data can be compared and evaluated. ,

Thus, knowledge of the yearly patterns of traffic at each GPS location, and a "true” measure of
annual traffic (not relying on seasonal factors off any kind) will markedly increase the accuracy with which
SHRP can estimate total trafﬁc volumes experienced by a section of pavement.

Truck welght data has the same problem with Val’lablllty as vehicle classification data. However, the
cost of permanent WIM systems tend to be much higher than AVC. Research to-date has not shown that
piezo WIM can be confidently installed in U.S. asphalt pavements, and only one portland cement concrete
pavement installation is currently functioning in the U.S. Until piezo-electric WIM has been proven, or
another low cost WIM system developed, SHRP will need to limit the amount of weight data it collects to
reduce the resource requirements of the project.

An accepztable method of weight data collection requires at least a limited number of weighing
sessions at each GPS site. These weighing sessions would then be supported by a limited number of WIM

“locations at which weights would be measured year-round.

The recommended plan calls for WIM at each GPS site at least once every truck season during the
initial SHRP funding period. This data collection is intended to calibrate the WIM data for each GPS
location. That is, it will determine what trucks of a specific axle configuration weigh at a specific GPS site.
How these weights change over time will be measured in two ways. First, since truck weights will be
measured for each truck season at each site, the site specific wetghmgs will provide a measure of how
weights change over time at a specific location.

Second, the long term welghmgs will provide a look at the seasonal trends occurring during the year.
It is believed that the combination of seasonality from the AVC counts at each GPS site, the site specific
weighings at each GPS site during each truck season and the variation of wetghts at the regional 365-day
WIM sites will provide sufficient data to adequately measure the seasonal variation of weights and axle
loadings at each of the GPS sites.

To further enhance the site spectﬁc nature of the data, it is recommended that a minimum of 48
hours of continuous weighing take place during both weekdays and weekends for each of the truck s This
data is important in order to measure the site specific fluctuations of weights between weekdays and
weekends, and to help compare site specific weight variation with 365-day weight variation. 48-hour counts
were selected as a compromise between:

. the desire for week long measurements, and
. the high staffing costs of collecting WIM data with portable equipment
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It is preferred that weighing take place for one-week at a time at each GPS site, but the staffing
requirements for such an effort seem to make this 1mpract1¢al for ; some states. Still, the collection of week
long data by the states is encouraged. |

Site specific WIM data will not only serve to measure current vehicle weights at each GPS site, They
may also be useful in "calibrating” the old truck weight data collected previously and submitted to FHWA.
Because of the nature of static weighing, the existing FHWA truck weight estimates under-represent the
number of heavy vehicles using U.S. highways. The WIM data should include a more representative sample
of trucks. The collection of WIM data at each site provides an opportunity to factor the historical data to
better represent the number of overweight vehicles actually on the road, as compared to the number of
overweight vehicles actually measured using static scales. In this manner it may be possible to more
accurately estimate the historical weights of vehicles using GPS pavements.

Regional data collection takes the form of long term welght measurements at a limited number of
WIM sites. These regional 365-day data will be used in conjunction with the site specific weight classification
data to help estimate the actual annual wheel loadings for each section of pavement. These "master”
locations will be used to adjust the site specific weights to represent average annual conditions, much as
"master” traffic count locations are used for converting short duration volume counts into estimates of
AADT. For example, if weights in July are consistently lower than the annual average, a factor may be
developed to adjust short duration measurements made in July, to better represent the annual average.

Since very little continuous weight data exists at this time, it is difficult to estimate the impact trade
offs between site specific, short duration weighing sessions and regional long term counts will have on the
accuracy of the weight data. Therefore it will be necessary to compare the 48 hour data against the patterns
shown in the 365-day counts. If the 48 hour measurements, combined with the pattern information collected
at the long term stations are insufficient to provide accurate estimates of annual site specific weights (i.e.,
because axle weights are too variable to be measured with 48 hour counts) then additional weight data will
have to be collected at each site during the second 5-year period.

The use of continuous automatic vehicle classification counters at each site will provide excellent
information on traffic patterns experienced by the site as well as prov1de a necessary baseline for estimating
historical traffic loadings. The availability of these should SIgmficantly improve the estimates of total traffic
loadings on GPS sites.

The states will not be required to edit or reduce the trafﬁc data collected by their automated
equipment. Truck weight data should be submitted on computer readable tape. SHRP’s regional offices will
transform the data into the format for storage in the data base.

This is not only a minimum plan but is also an interim plan for the remaining duration of SHRP’s

currently budgeted time frame. SHRP will evaluate the short term weight data against the long term data
to determine the need for additional WIM sessions in the next five year period.
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PENNSYLVANIA’S USE OF WEIGH-IN-MOTION IN ITS WEIGHT ENFORCEMENT PROGRAM

Fredenck R. Juba, Cluef Pennsylvania Department of Tramportatwn
Bureau of Mamtenance and Operations,Motor. Carrier Enforcement Dzwswn

Pennsylvama has actwely utilized welgh-m-motlon (WIM) in its welght enforcemem program for the
past 10 years. Since the inception of Pennsylvania’s weight laws in 1929, weight enforcement was limited to
the use of portable wheel load weighers and static platform scales. These scales were used by the
Pennsylvama State Polxce and mumcipal pollce

In 1976 FHWA mandated that stronger welght enforcement measures be lmplemented In 1977 the
Pennsylvania Department of Transportatmn joined forces with the Pennsylvania State Police to bolster
weight enforcement efforts. Today, in-addition to municipal police, Pennsylvania has 29 dedicated State
Police/Department teams, each assigned specific geographic areas (Exhibit A). Each team is equipped with
a set of 12 Haenni wheel load weighers. The Department’s Motor Carrier Enforcement Officers are
responsible for weighing, inspecting vehicles, determining infractions and citing for safety infractions. The
State Police direct traffic and cite weight infractions, inspect and cite for safety infractions. Both agencies
mutually arrange schedules locatlons and select vehicles to be screened based on past experlence and tips.

The Department purchased 5 portable PAT 2 pad portable WIM systems in 1979 These bending
plate systems are used in roadside rest areas on the interstate system to screen out violators. Violations must
be documented by wexghing on static scales - wheel load weighers. The WIM system screens vehicles at a
maximum speed of 3 miles per. ‘hour. It identifies axle weights and gross weights. Accuracy has been found
to be + 6% of static weights in 90% of samples.

Initially 16 permanent weigh stations were planned to be constructed along the interstate highways.
The Department constructed the first interstate weigh station in 1979. This station utilizes a Streeter
Richardson Roll Weigh WIM system, automatic overhead lane control, with a single axle and gross weight
thresholds. This mid speed WIM screens vehicles up to 35 miles per hour and automatically directs potential
overweight vehicles to a three section platform scale for documentation of violation. This WIM system has
had an accuracy of + 5% for 90% of samples.

In 1985 a new concept of weigh system/operation was initiated in Pennsylvania. A sophisticated WIM
system is used in a semi-portable mode. Siemens PAT computers are housed in 3 mobile command centers
(motor homes) that circulate randomly daily to various rest areas. Upon arrival at a site, the command
center’s umbilical cord is connected to the site’s service panel. Each site is permanently instrumented with
4 weigh pads, 2 induction loops and a preamplifier. In addition, permanent signing, electrically activated from
the site is installed. The computer has been programmed to weigh axles and gross weights, measure axle
spacings and classify vehicles. The computer applies both State mandated axle weights to single vehicles and
combination vehicles of up to 73,280 pounds gross weight and applies the Federal Bridge Formula to
combination vehicles over 73,280 pounds. The infractions - axle(s) and/or gross weight violations are
highlighted for the operator on the video display screen and a print out of the vehicle’s characteristics is
printed for reweigh personnel to identify violations by statically reweighing the vehicle. The system is capable
of screening vehicles at highway speeds but is limited to an average speed of 18 miles per hour due to
geometrics of rest areas. Weighing accuracy has been found to be + 4% of statically measured weight. Axle
measurements in 90% of samples are within 2 inches + 2 inches in 90% of measurements. The $180,000
cost of instrumenting and signing rest area sites has made it possible to instrument 17 locations for little
more than the cost of 1 permanent weigh station. A total network of 34 sites is planned over the next 5
years (Exhibit B). Pennsylvania’s plan to construct 15 additional permanent weigh stations has been cancelled
due to the benefits of the semi-permanent weigh stations (SPWS).
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In order to optimize the accuracy of the SPWS, a data file of samples of WIM: weights -vs. static
weights has been entered into a personal computer where the accuracy of each site is monitored. Graphics
display errors at various speed ranges (example's in Exhibits C, D, E, F and G). Correction factors are
calculated, relayed to the team’s supervisor and input into the terminal (Exhibit H). This new procedure
should enable maximizing system accuracy. It is anticipated that historic performanoe data will enable a
correlation of accuracy of each site to equipment and environmental characteristics. It is believed that this
will enable predlcnon of system performance at anticipated sites and indicate required pavement
improvements for maximizing accuracy of systems.

Currently, all present sites utilize existing pavement. The effects of the 4 inch cutting, milling and
chipping required for weigh pad installation has not been observed: to affect the integrity of concrete slabs.
Expenmematlon is underway to install frames by molding recess into new pavement. System performance
of eqmpment in these installations will be compared to those in previous sites.

Currently the Dcpartmems Bureau of Strategxc Planning and Bureau of Bndge and Roadway

Technology is evaluating the WIM data generated for effects of biasing. Should data: be determined
aoceptable, it may be utilized in these program areas in the future, SR

The newest challenge for the weight enforcement program is to objectively analyze the program’s
performance. Through effects of highway deterioration and planning studies, Pennsylvania will attempt to
determine the program’s effectiveness. In addition, it is hoped this evaluation will assist in maximizing
effectiveness through selective scheduling, time and location, and methods of operation. It is believed that
analysis will also help correlate the program’s cost savings to the degree of emphasis placed in the program.
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STATION DATA

Truck Weight Enforcement Division

08/24/88
Sta. County Route Dir. calibration Factors

I - - : -
] 1 BUCKS I-95 south S1 992 s2 987 §3 1004 sS4 995
| - 8 993 Vi 1000 V2 1035 v3 1000
| 2 DELAWARE I-95 north S1 1009 s2 1008 - S3 1000 sS4 1002
| ‘ S , _ S 1006 - VI 1072 V2 1140 V3 1100
{1 3 NORTHAMPTON uUs22 east s1 989 s2 981 3 971 54 991
i s 1022 vl 1050 v2 1095 V3 1025
| 4 YORK I-83 south S1 1032 S2 996 s$3 987 sS4 978
| s 1037 V1l 1000 V2 1000 V3 1000
| 5 YORK I-83 north S1 997 s2 1005 s3 993 S4 . 986
| ¢ S. 993 V1 1053 V2 1105 V3 1105
| 7 ERIE I-90 west S1 1002 s2 1005 83 996 sS4 991
' : S --1016 V1 1044 v2 1111 V3 1080
-8 ERIE I-90 east S1 1004 s§2 1012 S3 1000 S4 1008
. S 1039 V1 1010 v2 1087 V3 1100
9 BUTLER I-79 north S1 1003 s2 998 83 994 sS4 992
v - s 1037 v1i 1031 v2 1010 V3 1054
10 BUTLER I-79 south 81 992 s2 997 S3 991 54 1011
S 1015 vi 1033 V2 1075 v3 1124
13 MERCER I-79 . north s1 980 s2 998 83 995 sS4 993
. i -8 1019 vl 990 V2 1072 V3 1066
14 MERCER I-79 south S1 9%4 s2 993 S3 992 S4 1008
i 8 1037 vl 1010 V2 1060 v3 1013
15 - - COLUMBIA I-80 east 81 1005 s2 1008 S3 1011 s4 1002
; . 8 1024 VvVl 989 ' V2 1056 V3 {0vy
16 . COLUMBIA™ I-80 . west 81 1008 s2 998 S3 1004 B4 Y98
. 8 1008 Vi 1009 v2 1045 V3 1070
17 DAUPHIN I-81 north 51 1003 s2 990 53 993 84 990
Do o s 1108 V1 1038 vz 1100 V3 1io08
18 DAUPHIN .. I-81 south S1 9594 s2 984 S3 1002 B84 980
S§ 1089 vi 1018 v2 1061 V3 1061
19 LUZERNE I-81 north 51 993 s2 977 s3 398 sS4 999
s 1070 vl 1028 v2 1035 V3 1084
20 LUZERNE I-81 south s1 1004 §2- 1007 83 1001 sS4 1007
- R . ! ‘ 8 1086 V1 1030 v2 1045 V3 1052
29 PORTABLE WIM any any . . 81 555 . 82 555 §3 555 S84 555
) S 880 vl 1000 v2 1000 V3 1000
30 TEST BOX N/A N/A 81 0 's2 0 s3 " 0, s4& 0
) : : S 0 vl 0 v2 L] v3 0
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- GEORGIA’S. EXPERIENCE WITH WEIGH-IN-MOTION AS A SCREENING DEVICE

Jack Williams, Georgia D. O. T.

: »BACKGROUND

Ten years ago last June, Georgxa took a ma]or step in its Weight Enforcemenl Program Two
permanem Weigh Stations were constructed on
I-75 south of Atlanta in Monroe County. These stations utilize welgh-m-monon scales. Pnor to th1s time,
portable teams consisting of four to six individuals operating from a carryall were the backbone of Georgia’s

Weight Enforcement Program. The team concept program at this time had increased to 16 teams and
-~ weighed approx1mately 412,000 vehicles. The increase teams were brought about by reducmg the number of

personnel to two in each team and purchasing addmonal -equipment.

In 1979, the number of trucks weighed,'increased to nearly 1.6 million. By 1984, we had constructed
11 permanent weigh stations along the Interstates and the total number of trucks weighed had increased to
6.5 million. In 1987, we opened our last permanent weigh station giving a total of 18. Each of these stations
utilized weigh-in-motion equipment. The number of portable two Officer teams had increased to 42. The
total number of vehicles weighed was in excess of 11.8 million. From January through June 1988, over 6.2
million trucks have been weighed. This would have been totally impossible had Georgia not made the

- commitment to the welgh in-motion sortmg concept

E UIPMENT

Two weigh-in-motion manufacturers were the successful low bidders in Georgia.. Radian weigh-in-
motion scale systems are used at Catoosa, Columbia, Franklin, McIntosh and Monroe county stations. This

~system utilizes transducers for weight detection. Each lane of traffic has two plates with the load cells being
an mtegral part.

Streeter Richardson weigh-in-motion scale systems are used at the remainder of the stations. They
include Bryan, Carroll, Douglas, Lowndes, and Troup county statiors. Unlike Radian, the Streeter

“Richardson equipment uses load cells for weight detection. Six load cells are placed along the edge of the
-scale plates These load cells are independent of the plates and may be replaced mdmdually

TYPICAL STATION OPERATION

A typical station layout includes the approach signing along the Interstate at a sufficient distance

- away from the station entrance to allow all trucks a safe transition to the curbside lane. Immediately before

the station entrance, a lighted sign indicates whether the station is "open” or "closed", Signing along the

-entrance ramp instructs the trucker of the proper interval and procedure while moving through the weigh

station. Using an interval of 100 feet, the truck can pass over the weigh-in-motion scales with sufficient

" distance to correctly determine the axle spacing. This distance also allows for a constant speed.

- After the truck has passed over the weigh-in-motion scales and before it reaches the intersection with
the static scale entrance, weight data collected is analyzed. All of the systems determine possible axle or
gross wexght violations. The newer stations, in addition to determining possible axle or gross weight

-violations, compute possible bridge formula violations. The welgh—m-monon scales are normally accurate
: 'wuhm five percent plus or minus. v

~ Once the welghts are checked by the weigh-in-motion system, it actuates the directional signal on
the ramp. When a truck is traveling within the legal weight limits, the signal indicates a green arrow straight
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ahead. The truck then re-enters the Interstate. All of this occur$ in a matter of minutes and the delay is
minimal.

If weights are found to be greater than allowed, the signal system will direct the vehicle in question
to static scales. The vehicle is then weighed statically on platform axle scales. When measurement is taken
to determine the exact weight assessment. If a vehicle has a weight violation, certain options are available
to the violator according to Georgia Laws. With an overweight axle or tandem, the driver at his option, may
shift the load by hand to make it legal or accept the citation. If the gross weight is greater than 6,000
pounds, the load must be reduced before it is allowed to move.

EQUIPMENT OPERATION

The weigh-in-motion equipment installed at each of our stations allows the station operator the
flexibility to set the threshold for determining the weights that will be allowed to by-pass the static scales.
Normally, vehlcles that exceed the following weights are required to be weighed on static scales.

Gross Weight 74,000 pounds
Tandem Weight 34,000 pounds
Axle Weight 20,000 pounds

The Radian scales’ software is set in 100 pound increments to the desired weight. The Streeter
Richardson scales are set as a percentage of the legal limits. Normally, 93 to 95 percent is used on the gross
weight and specific weights are entered for axle and tandem weight allowances.

Static scales are calibrated every 90 days. The weigh-in-motion scales are not required to be
calibrated by Law or Departmental Policy on a set schedule. Therefore, they are checked and recalibrated
by comparision weighing on an as needed basis. Normally, they are checked by each shift and adjusted as
needed.

MAINTENANCE

We have a Scale Maintenance Section staffed with trained Scale Technicians to service all our scales.
These people, maintaining complete sets of spare parts, have greatly reduced our downtime. The major
problem is the transducers and load cells which are subjected to the stormy weather in our State. Both
lightning and heavy rains are major factors in scale outages.

The next most susceptible component is the power supply unit. This unit can be damaged by
lightning or a power surge. This type of problem has been minimized by the installation of surge protection
devices and taking extra precautions during thunderstorms. In most instances, we just shut off and disconnect
the weigh-in-motion equipment when lightning is in the area.

Other maintenance problems have been very minor and practically none existent. As a normal
routine, preventive maintenance is performed monthly. Each time, the terminal keyboard is thoroughly
cleaned and all contacts and connections are checked. This preventive maintenance has been very beneficial
in keeping our system operational. Many potential problems that could shut the system down have been
detected and repaired. The controlled environment of the weigh stations have also proven to be
advantageous in holding downtime to a minimum. This area not only has constant temperature but personnel
traffic is held to a minimum which reduces accidents. This also has kept the area relatively clean and dust
free.
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FUTURE ENHANCEMENT

Although the weigh-in-motion system has the capability to store weights of all vehicles passing
through the station, we have not routinely stored this data. With the increased need for weight statistics for
planning and research, efforts to compile and report this valuable data is being reviewed. We also are
looking at portable weigh-in-motion scales to be used in a similar manner as at the weigh stations in high
traffic areas.

CONCLUSION

Georgia has made a commitment to use weigh-in-motion as a screening device. This commitment
was made ten years ago and has proven to be very successful. We are pleased with our Weight Enforcement
Program in Georgia and by comments I hear from the trucking industry we are meeting today’s challenges
of increased truck traffic by holding delay time in the stations to a minimum.

If you have any questions, I will attempt to answer them at this time. Thank you for the opportunity
to share with you Georgia’s Weigh-In-Motion Experience.
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LEGAL ASPECTS OF OVERWEIGHT ASSESSMENTS IN GEORGIA

Jack Williams, Georgia D. O. T.

According to the Georgia Code "any persony who violates thé weight limitation provisions of Code.

Section 32-6-20 shall be conclusively presumed to have damaged the public roads, including bridges, of this
State by reason of such overloading”. In 1982, this Section of the Code was upheld in a court decision of
Department of Transportation vs Del Cook Timber Company. In the Judge’s ruling, he stated "it. is
constitutionally permissable for the State to enact a statute providing that any person who operates an
overweight motor vehicle on public roads shall be conclusively presumed to have damaged the roads.”

The fines assessed are as"v»follows:

Ist 1000 0.8 cents per pound

Next 2000 1.5 cents per pound
- Next 2000 -.. 3.0 cents per pound
Next 3000 ' 4.0 cents per pound
Excess of 8000 5.0 cents per pound

Once a citation is issued, within ten working days it is keyed into the computer system. The majority
of this time is spent transmitting to the general office by the postal service or Officers bringing them in.
After the citation is on the system, it is audited for the proper charge and correct citation amount. If this
is in error, a letter noting the corrected amount is generated and mailed to the violator.

The violator has fifteen days to either request a hearing or make payment. If there has been no
response, a notice that the appeal time has expired and payment is due. Ten days after the initial letter is
sent and there is no response, a second letter is sent stating that failure to respond immediately will result
in documents being sent to the Collection Unit for legal action to be taken in ten days if no payment is
received.

Failure, by the violator, to pay within this ten day period prompts a third letter. This letter is
generated in duplicate. The second copy going to the Investigation/Collection Unit. These letters or accounts
as they have become at this point are assigned to an Investigator based on area of the State where the
violator lives. Violators outside the State are assigned to the Officers in a similar manner with each Officer
having certain States. These Officers then make contact with the owner of the truck and if collection is not
made, a pickup order is issued. The vehicle, when observed by a team or weigh station personnel, is then
held for payment. This process has been tested and all legal requirements have been satisfied.

If, within the first fifteen days, an Administrative Review is requested, the hearing date is established
by the Hearing Officer. The citation is coded on the computer system as being in hearing status and no
action is taken by the Department to collect the citation until the final ruling is issued. The Hearing
Officer’s ruling can be appealed to the Deputy Commissioner. These Departmental rulings can and have
been appealed in Superior Court. This unique approach to collecting damages has been very satisfactory in
Georgia. It assesses all violators with the same rules and the funds collected are used to offset a portion of
the damage cost.

I appreciate the opportunity to tell you about Georgia’s procedure for handling assessments
generated by our Weigh-In-Motion Program.

9%
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USE OF CIVIL PROCEDURES AS A TOOL IN WEIGHT ENFORCEMENT
Jeff Bilcik, Assistant Attorney General, Minnesota Attorney General’s Office

For detailed information see Minnesota Statutes Chapter 169 subsections 825 through 872
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TRAFFIC DATA COLLECTION PROCEDURES ‘NORTH DAKOTA HIGHWAY DEPARTMENT
- Denniis- E. Jacobson, P.E.

North Dakota is a sparsely populated rural midwestern state. Our annual vehicle miles traveled is
approximately 5.6 billion. This is generated on a 106,472 mile system. It’s important to note that the state
highway system accounts for 59% of the total travel in North Dakota. More importantly, the Interstate and
principal arterial system account for over 72% of the states rural esal’s.

Many of our rural routes have very low ADT’s in comparison to other more urbanized states. Over
60% of the total state highway system has an ADT of less than or equal to 750. 43% of the state system
is less than or equal to 500. We have low traffic volumes, but our allowable axle weights are as high as most
in the United States.

North Dakota is extremely dependent on the trucking industry to get our crops to market. Many
elevators are on branchlines which are being abandoned. Many small country elevators have been replaced
with high volume regional grain subterminals. These subterminals can concentrate even light regional truck
volumes into significant truck volumes at the subterminal. These heavy concentrations of trucks can also
happen in a very short time frame. We also have energy development and related industries to contend with
in North Dakota, although this impact has been reduced dramatically in the last few years.

Off of the interstate system, we allow up to 105,500 Ibs GVW on all of our system except during
spring load restrictions. We allow 20,000 1bs on singles, 34,000 Ibs on tandems and 42,000 Ibs on triple axles.
This puts extreme pressure on our paved system. We adopted a paving policy years ago called stage
construction,

The state needed to get out of the mud in the 50’s. We paved all of our system but very little of it
was to a full depth design. The idea was to get back and add additional strength later. In North Dakota,
later never came. We ran into the energy crunch and high oil prices. We now have a fragile system being
subjected to very heavy axle weights. We knew we had to get a better handle on where the trucks were and
that’s how we got started back in 1983. Recent legislation has allowed even longer vehicle combinations. No
one knows where it will end. However, we finally have the means to monitor where they are at and what
they weigh.

Data Collection Procedures

Starting in 1982, the highway department began a reduction in state forces effort. The highway
department was decreased in size from over 1200 employees to less than 1000. All of the major traffic data
collection programs were scrutinized and many were severely curtailed. The department used to volume
count half of the state each year. Classification counting was a minimal effort of around 50 sessions. There
was an informal directive put out to cut. the field work travel budget so the division eliminated all coverage
counting on the state system. We replaced it with a vehicle classification effort on all highway links between
major intersections.

We lost 50% of our full time data collection force during the RIF so we had to cut back on our state
system counting cycle from two years to three. Luckily, we have a fairly stratified economy in the state. We
have ranching and energy development in the west. We have sugar beets, potatoes and predominantly small
grain and row crops in the east.

Following that idea we divided the state into three east-west zones. The zones were balanced so that
we could get all of the work done with our existing forces in a counting season. It really had little to do with
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statistics, mainly it was based on work load. In the counting season of 1986 we started our procedure of
classifying each highway link by zone and all of the hpms sample sections within that zone.

HPMS Data Requirements

North Dakota has an HPMS universe of approximately 6800 sections. According to the TMG we must
sample 964 sections. The TMG requires that we randomly count a third each year so our annual data
collection effort is a minimum of 320 sites. Of this total, we are required to randomly classify 70 and
weigh/classify 30 locations per year. We actually classify much more than thls but not in accordance with the
guide, :

In each zone, we classify all of the samples and paved highway segments on both the county and state
systems. As I said, we do not classify randomly statewide. We do a 100% sample of the state highway and
paved county systems in each zone. We only volume count those sections where we are unable to set a
classifier. This is usually on gravel roads. The WIM procedure is different.

The major hlghway in North Dakota is Interstate 94. It runs down the middle of the center zone. If
we weighed on a strict zone basis, we would only hit I-94 once every three years. We therefore weigh
randomly according to the TMG. Our WIM/classification season is only about 20 to 22 weeks long S0 we
have a very difficult time picking up all of the necessary wim sessions each year.

The duration of our sessions is also different than the TMG recommends. We classify all locations for
48 hours in both directions. The guide only requires 48 hours in one direction. We weigh 24 hours in both
directions. The guide again requires 48 hours in only one direction. We feel we are getting a reasonable
representation with our data collection procedure. With our manpower crunch, it is about as good as we
can do. If we increase our time requirements at each location, we will not be able to collect all of the
required sample sessions each year.

The department wants to collect as much classification data as possible for our pavement management
system and our highway needs studies. We need to have reliable estimates of truck volumes and classification
mixes for remaining pavement life calculations and for our analytical software default tables. If we randomly
sample according to the guide we will be unable to collect the amount of classification data that the
department needs each year.

The department is in the process developing this data collection proposal as I have presented it. We
have submitted a draft outline for review and will be preparing the final this winter for submittal to FHWA
for approval. It has been reviewed informally by the FHWA division office but until we formally submit our
justification for the plan, they will not act on our data collection proposal.

Processing the Data

Like most departments, we have automated much of the processing of our traffic data. We have now
established permanent count locations throughout the state on all systems. They all have reference numbers
like a milepoint when they’re available. We now can track our counts over time. We also have finger tip
access to our historical count data. This was a manual process before this year. We expect significant time
savings in data retrieval and reporting because of the new set up.

In the urban areas the volume count locations are all plotted by the computer. The field person then
sets the counters according to his plotted zone map and records the junior count data on the computer
generated coding form. When- the forms are brought in, it only takes a few hours to input the few numbers
which are collected in the field each week. The computer automatically adjusts the counts based on seasonal
adjustment and axle factors and updates the traffic database. The count zone maps are still prepared
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manually but next year we intend to have all of our count locations digitized using autocad. The data
collection zones will then be plotted. This will save the counting secion hundreds of man hours each year.

The traffic-comp classifiers require even less handling because they are all electronic. The TC II data
is collected by the readers and input into a standard PC at the counter shop. The TC III’s collect their data
on modules which are then brought to the central office. The data is downloaded from the modules via a
reader attached dlrectly to the central office computer.

The wim is collected and stored on a portable PC. The processing and storage time is as fast as a
floppy can load data into a computer.

The traffic data is now collected, processed and stored in usable form within one week of collection.
In the past, this has taken up to six months to accomplish. Through automation and the full time use of
a programmer, we have cut down our administrative processing times tremendously. We can now devote
much more time to equipment maintenance and preparations for the next counting season.

Traffic Counting Equipment

The department has standardized on Streeter-Richardson equip‘ment.
ATR System:

We started with a Streeter-Amet ATR system back in 1978. We upgraded it to do classification by
vehicle length in 1984. We have ATR’s currently operating at 39 locations statewide. We can c1a551fy or do
speed monitoring at 30 locations. We did a study of the prcdommant lengths of the various truck
classifications and picked the following length bins:

Bin 1 - all vehicles< 22 feet long Cl13&5
Bin 2 - vehicles from 22 to 40 feet long Cl 4,6-8
Bin 3 - vehicles from 41 to 75 feet long Cl 9-12
Bin 4 - all vehicles> 75 feet long Cl 13

The following charts show some examples of the types of SlatlStICS and data that we can now _generate
from the ATR database. Our preliminary data shows significant seasonal variations on the non-interstate
routes. The interstate traffic doesn’t vary significantly except for beet and potato hauling in the eastern part
of the state. The day of week statistics indicate that we are weighing at the proper time to catch the majority
of the vehicles.

Automatic Vehicle Classifiers:

We purchased four Traffic-Comp’s in 1980 and 8 more in 1981. We doubled that amount by purchasing
12 more classifiers in 1985. We just purchased 36 TC III’s last winter. We now have 60 classifiers in
inventory. We have had problems with the three dozen machines we bought this year. Our calibration checks
show that the new Traffic Comp II’s are very accurate but they locked up on us once in a while. This
normally happened when trying to load the program from the module into the machine in the field. This
can be avoided by pre-programming the machines in the office but we want them to work as they were
intended.

The manufacturer has replaced the original prom’s twice. We are now using a C7a prom. They seem
to be working fine now but we haven’t had time to check them out completely yet. We are generally happy
with the machines and the relationship with the supplier has been excellent. When we’ve had problems, they
have always responded quickly and they have been very good to us. I'm confident we now have the problems
licked.
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WIM equipment:

, We purchased the Streeter-Richardson WIM unit in 1984 in conjunction with an RTAP project on
the impacts of a grain subterminal on the surrounding roadway network. We just completed the report and:
it will be published this fall. I’'s almost 200 pages long so there’s plenty to study and digest.

We have had very few problems with our WIM unit. We perform weigh scale calibration checks in the
spring and fall. Our procedure is to calibrate the unit to class 9 vehicles and then weigh 100 to 200 vehicles
at highway speeds. We have been getting accuracies of within 5% of actual weights with the exception of

 the steering axle which has been between 5 and 10% off.

Even though we have been weighing since 1986, there still is a lot of controversy in the department
about WIM data. Many don’t feel that it is an actual representation of what’s out there. We have been
sampling the port of entry scales and the esal’s per vehicle figures are higher at the scale houses for just
about all classes of vehicles. We suspect that the majority of those vehicles are loaded where intra state
trucks would not be. ‘ '

We have not yet performed an in depth investigation of our WIM database looking for overloads and

~ other statistics. Our main purpose has been to collect esal per vehicle statistics to merge with our

classification database. Since we have now completed the third year of our data collection cycle. We will be
able to generate accurate esal estimates for all segments of our highway system and many of our county
roads. : :

Uses of WIM data

We are starting to use our wim and classification data for our needs studies. Using 1987 data we
updated the default tables of the HPMS analytical package to match the traffic characteristics of North
Dakota’s highways. We also expanded the HPMS sample to include every segment of the rural state highway
system. We ran the models and we feel we got a much better representation of our system conditions and
highway needs than we would have been able to do without the WIM and classification data.

~ We have just purchased our first "Falling Weight Deflectometer”. We will be providing esal information
to our pavement management section for their remaining pavement life calculations. We have a pavement
serviceability index that combines ride, distress and pavement age. This will be revised in the near future
to eliminate age and substitute remaining pavement life. The department feels that this will give us a more
meaningful serviceability index. Without the extensive wim and classification data, we wouldn’t be able to
provide the accurate information. ‘ g

Our pavement design sections are getting much better traffic information than they used to. We have
looked back at many of our early estimates and many are way off. Fortunately, with our low traffic volumes,
you can get away with it on some roads. We have had some spectacular failures on our primary system
however. Many times after you have checked the new traffic estimates against the actual design, the roads
are lasting just as long as they should have. They were just under-designed in the first place. We have been
doing a much better job of traffic estimating since 1986 and a lot of it has to do with the increased amounts
wim and classification data. I 7
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TRAVEL BY VEHICLE LENGTH GROUP AND DAY OF THE WEEK
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NORTH DAKOTA
RURAL STATE HIGHWAY SYSTEM
MILEAGE AND TRAVEL STATISTICS

SYSTEM LANE MILES % OF TOTAL
| VMT ESAL'S

INTERSTATE 1,142 33.5  48.4

PRINCIPAL ART. 1578  27.5  23.9
MINOR ART.. 4212  34.0 24..7
COLLECTORS 1,163 5.0 3.0

TOTAL 8095 100.0 100.0

PLANNING DIVISION 104 | 1987 STATISTICS




NORTH DAKOTA
FUNCTIONAL SYSTEM MILEAGE

AND VEHICLE MILES TRAVELED

SYSTEM MILES VMT
INTERSTATE 571 0.893
~ PRINCIPAL 1,358 1.263
"MINOR 4,456 1.334
COLLECTORS 18,866 1.161
- LOCALS 81,221 0.980
TOTAL 106,472 5.633

1 1987 STATISTICS

PLANNING DIVISION




THE BRIDGE WEIGHING SYSTEM AND THE TRAFFIC MONITORING GUIDE
THE NORTH CAROLINA EXPERIENCE

E. R. Shuller, NCDOT

INTRODUCTION

Since the late 1930’s the North Carolina Department of Transportation (NCDOT) has operated a truck
weighing program to obtain axle and gross weights, axle spacing, loading practice and related data. In that
time there have been years when data collection was suspended and occasionally changes in frequency or
length of sample sessions. The most significant change occurred in 1986, however, when the traditional static
wheel scales were discarded in favor of weighing-in-motion (WIM).

The focus of this paper is on the goals the NCDOT hoped to achieve with WIM, the selection of
equipment, the selection of the sample in compliance with the "Traffic Monitoring Guide" (TMG), and
finally a brief comparison of the data collected with the new technfology to that collected with the old.

I THE TRADITIONAL WEIGHING PROGRAM

From its inception until 1955 the North Carolina program to determine pavement loadings consisted
of weighing a-small number of sites repeatedly throughout the year, Each weighing session was 24 hours in
length. In that year the procedure was changed to one eight-hour‘observation per year for each location.
Over time the number of locations in the sample fluctuated between 20 and 25 as route changes occurred.
The rationale for selection of locations was primarily coverage of major truck routes.

A crew of 8 to 10 people sampled as many trucks as possible with portable wheel scales. At most sites
wexghmg was performed in the travel lanes which required elaborate traffic control. Although providing
needed data for planning and design, this procedure was labor intensive, created safety problems and was
subject to bias through improper selection of the limited number of trucks that could be weighed. Scale
by-passing was thought to be common resulting in design factors qf questionable value.

In 1981 economic conditions in North Carolina led to a reduk:tlon in funds available to the NCDOT.
The triuck weighing program was seen as one area in which bquet cuts could be made and, with the
agreement of the FHWA, it was suspended in that year. In 1983 and again in 1985 the program was not
revived. Meanwhile the use by other states of new WIM technology demonstrated that design factors
obtained with traditional wheel scales were highly suspect.

2. THE PRESENT PROGRAM

In mid-1985 a task force comprised of members of the NCDOT and the FHWA concluded that the
need for new weight data in North Carolina must be addressed. One reason for this was encouragement from
the FHWA 1o adopt the data collection program outlined in the "Trafflc Monitoring Guide". Perhaps the
most important reason was concern by Engineers that some of the premature pavement failures being
experienced in the State were the result of inadequate load data for design. It was felt that the problems
of static scale weighing, particularly scale bypassing by heavier vehicles, gave a severely low bias to the
average weights observed. The task force agreed that weighing in motion with a system that was virtually
undetectable by truckers was the only solution to the design load problem.
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Four primary uses for truck weight data within the NCDOT were identified:

(1) To comp]y with Highway Performance Monitoring System (HPMS) guidelines in the "Traffic
Monitoring Guide" for reporting 18 kip axle equivalents. ‘

(2) To develop better 18 kip axle equivalent data on the statewide and project levels for pavement
design.

(3) To measure stress in bridge members caused by dynamic loading in order to determine if bridges
should be posted for weight restrictions. ‘

4) To supp]emextt the legal load enforcement program.

The purchase of the WIM system and its support equtpment was completed by mid-1986 and welghmg
began in September ‘

2.1 WIM SYSTEM SELECTION

‘At the time of this study there were three basic types of WIM systems on the market; the load cell
mounted in a pit in the pavement, the capacitance pad placed on the pavement, and the instrumented bndge
span. The NCDOT’s goals for use of WIM were very broad and although each system had unique
advantages, no single system was found which was totally satisfactory.

- Load: cell systems were the most accurate but were expenslve, difficult to mstall and had limited
portability. They were not capable of analyzing stress due to dynamic load in bridge members which was one
of the objectives of the NCDOT effort.

Capacitance pad systems were relatively inexpensive and could be installed quickly at almost any point
on the ‘highway system. However they also were not capable of determining stress in bridge members. To
some degree both of these systems were visible to truckers and could be bypassed by changing lanes unless
SENSors were installed in all lanes.

Instrumented bridge span systems could weigh vehicles and determine bridge stresses but were
expensive and limited to use at bridges only. This could be a problem when attempting to: implement a
structured sampling procedure such as that in the TMG.

After consideration of‘ these systems it was decided that the instrumented bridge span was the best
compromise to meet the NCDOT’s needs if it could be shown that a significant
number of grade-separated highway bridges existed on HPMS sample sections. A preliminary investigation
found nearly 300 bridges that met this criterion. This encouraged the task force to proceed w1th the bridge
wetghmg system recommendation.

22 ACQUISITION OF EQUIPMENT

Following the decision on the type of system to be purchased, consideration was given to the support
equipment necessary. The experience of the WIM manufacturer and of previous users was drawn upon for
ideas on housing and transporting the equipment.

2“.'2.1WEIGHING-IN-MOTION‘ SYSTEM

The WIM system was purchased from Bridge Weighing Systems, Inc. (BWS) of Cleveland, Ohio. The
instrumented bridge span system is essentially a custom product. During its development phase certain
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informational tables emerged with demonstrated value to users. These tables were incorporated into the
software supplied to subsequent purchasers. However, the computer software supporting the system can be
modified by the manufacturer to present the data in any way the user specifies. The following set of 15
tables was included in the package delivered to North Carolina. |

Vehicle classification by gross vehicle weight.

Vehicle classification by hour of day.

Gross vehicle weight by hour of day.

Speed distribution by hour of day.

Average gross weight of vehicle by hour of day.

Weight distribution by axle grouping.

Cumulative ESAL values by vehicle clasmﬁcatlon, \gross vehicle weight, and hour of day.
Overweight trucks by vehicle classification and hour of day.
Overweight trucks by vehicle classification and grOss vehicle weight.
10. Overweight trucks by vehicle classification and amount of overweight.
11. Type of axle group violation by vehicle classification.

12. Lane distribution of vehicles by vehicle classification.

13. Lane distribution of vehicle classification and total axle space.

14. Distribution of vehicles by gross vehicle weight and total axle space.
15. Distribution of vehicles by vehicle classification and total axle space.

WO N RN

In the hierarchy of HPMS samples described in the TMG, w‘eight stations are a subset of classification
stations. The standard tables printed by the BWS software provide information about equivalent single axle
loads and classification counts which satisfies the requirements of the TMG for this data. To complete the
data reporting package for FHWA the vendor was also asked to crcate a record of each weighing observation
in the standard Card 7 format which could be submitted to Washmgton for calculation of the "W’ Tables.

The vendor was also requested to develop mew software\to take advantage of the stress analysis
capability of the system. This software was to evaluate bridge behavior, bridge rating; and bridge loading for
the purpose of determining load limits based on actual dynamlc observations rather than theoretical
calculations.

2.2.2TRANSPORT VEHICLE

As already mentioned a decision had been made by the NCDOT to comply with the guidelines in the
"Traffic Monitoring Guide" as closely as possible. One of these guidelines was that weighing be conducted
for 48 hours.

The version of the BWS which N. C. planned to purchase required AC power for several pieces of
electronic equipment. In order to house and transport the equipment, carry an on- board generator, and
provide quarters for operators, it was decided that a self-contained van or motor home was needed.
Eventually this idea was dropped in favor of a travel trailer towed by a pickup truck. There were two reasons
for this decision: (1) the initial cost was lower and (2) the operwtors would have ‘a separate transportation
unit in which to leave the site when necessary.

2.23TOWING VEHICLE
|

|
The towing vehicle had to be capable of pulling a 22 to 24 foot travel trailer of 3500 pounds gross
weight and a hitch weight of 400 pounds through terrain rangmg from coastal plain to mountainous.

Based on these specifications a dual-tired truck of 1 ton capacny with a pickup body was purchased.
To this vehicle 'was added a Reese-type towing hitch, electric brakc hookup, a rack for carrying ladders, and
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brackets for holding additional 40 pound cylinders of propane which was the fuel used to power the
generator. A flashing directional arrow sign was installed over the cab and various safety lights added.

2.2.4CALIBRATION VEHICLE
The bridge weighing system operates on the principal that a given weight causes a repeatable deflection
in bridge girders. Because of structural differences, however, the amount of deflection due to the weight will

vary from bridge to bridge, Therefore each bridge must be calibrated before it can be used as a scale.

A bridge is calibrated through adjustment of software factors following application of a known weight.
This process is repeated until the system gives an approximation of the weight. The vendor recommends a

truck loaded to at least 40,000 pounds be used for calibration. The procedure requxres driving the truck

across the bridge at least 8 times in each lane.

Because of difficulties in borrowing a truck from maintenance or construction operations, a calibration
vehicle was assigned full-time to weighing. The vehicle chosen was a combination consisting of a 50,000
GVW tandem axle tractor and a 35 ton low bed trailer. This was a surplus vehicle and did not disrupt
normal daily equipment needs for field operations. The permanent assignment of a vehicle to this task also
had the advantage of eliminating the need for constant reweighing. The trailer was loaded with concrete
barriers and the entire rig weighed. Since the load was a low porosity material, constant reweighing was not
required. The one negative aspect of this arrangement was that the driver for the combination had to have
a special operators license, therefore it was still necessary to rely on field operations to provide a driver for
the calibration truck.

3. SAMPLE SELECTION

One of the major objectives of the study was the development of a statewide sampling plan based on
the "Traffic Monitoring Guide". In accomplishing this the TMG was adhered to as closely as possible with
regard to sample size, sample selection, and length of sample session. The TMG suggests a minimum sample
size of 90 HPMS sections. It also recognizes the importance of the Interstate System to nationwide travel
by suggesting that states with significant Interstate mileage concentrate one third of their total weighing
effort on this system. The remaining samples should be distributed over all other functional classifications
higher than local. Further, samples on all functional classifications should be distributed over volume groups.

3.1 SAMPLES BY VOLUME GROUP WITHIN FUNCTIONAL CLASS

The appl‘ication of weighting factors was the method chosen in North Carolina to calculate the number
of samples required in each level of stratification. These weighting factors were derived from the proportion
of vehicle miles of travcl (VMT) m the various strata ‘

3.1 1DISTRIBUTION BY FUNCTIONAL CLASSIFICATION

Using daily vehlcle miles of travel (DVMT) data from the 1984 "Mileage and Inventory Summary”
(Table 3-1), 90 sample sessions were distributed. First the number of samples required in each of the broad
categories of rural, small urban and urbanized routes was calculated. This was done by applying the
percentage of DVMT in each category to the 90 sample sessions. In this calculation the local classification
category is not included in the total DVMT.
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Total ,
Category DVMT % Samples

Rural 63,396,000 559 351

Small Urban 12,941,000 114 10
Urbanized 37,080,000 32.7 29
113,417,000 90

Next the number of samples to be in each functional class in each category was calculated. Since it
was predetermined that 30 sample sessions would be on the Interstate system, these 30 were first distributed
between the rural, small urban, and urbanized categories. :

Interstate
Category DVMT % Samples
Rural 11,234,000 643 19

Small Urban: 738,000 4.2 1
Urbanized 5,511,000 -~ 31.5 0
17,483,000 - 30

The remaining 60 samples were divided émong all other functional classifications higher than local.
This procedure is demonstrated in the following example for the rural category. This category had been
assigned 51 samples of which 19 were to be on the Interstate system leaving 32 to be distributed.

Functional
Classification DVMT % Samples
Interstate 19
Other Principal
Arterials .. 13,511,000 259 8
- ~.Minor Arterials 8,186,000 . 15.7 5

Collectors 30,465,000 58.4 19 .
| 52,162,000 Sl

Both the small urban and urbanized categories were treated in the same manner. The entire sample
distribution by functional. classification is shown in Table 3-2.

3.1.2DISTRIBUTION BY VOLUME GROUP

From the HPMS records the total sample mileage in every volume group by functional classification
can be calculated. This data is in FHWA report HPN-21 shown in Table 3-3. The only additional
information required to determine VMT is average daily traffic (.ﬁDT) After some consideration it was
decided that the volume groups themselves could be used to represent a reasonable approximation of ADT.
By definition each of these groups contains HPMS sections whose ADT’s fall within specific ranges. Using
the mileage in each group and the midpoint of its volume group rahge, satisfactory. representation of the
VMT was calculated. In Table 3-4 this calculation is demonstrated for volume groups in the rural Interstate
and rural Other Principal Arterial classifications. Sample distribution between volume groups was then
computed using the proportion of group DVMT to total DVMT as the distributing factor. Because they are.
calculated the same way, both the classification sample and the truc}( weight sample are shown in this table.
A summary of the entire distribution is shown in Table 3-5. ,

1
1

During the calculation of Table 3-4 it was found to be expedient in some instances to collapse two
or more volume groups into one. There were three principal reasons for this:

1. The DVMT in a volume group was too small to justify a sample for the group.
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2. The DVMT in a functional class was too small to attract enough samples for each volume group
to have one. For example the small urban interstate classification had three volume groups to
share one truck weight sample.

3. There were no suitable bridges in the volume group.

In these cases, rather than biasing the sample further by arbitrarily assigning samples to the larger volume
groups and ignoring small ones, group collapsing insures that all HPMS sections have an equal chance of

- being selected when the sample is drawn.

3.2 CHOOSING THE WEIGHT SAMPLE FROM HPMS SECTIONS

-~ The structure of the truck welght monitoring program requires knowledge of the functional
classnﬁcauou and volume on each HPMS section before the sample can be drawn. These are standard data
items in HPMS records and the sample can be drawn immediately if the WIM system to be used places no
restrictions on samplmg locations. The BWS, however, depends on bridges for its operation, To effectively
choose the sample. it is necessary to be able to identify not only suitable bridges within HPMS sections but
also those_nearby.

3.2.1IDENTIFICATION OF HPMS SECTIONS

North Carolina maintains HPMS files and bridge files containing all information necessary to identify,
by functional classification and volume group, sections on which bridges are located. All of this data,
however, is not in a common data base that can be queried nor can it be visually displayed except in
printout form. A visual dlsplay is necessary to assist in the selection of the best bridge from several

‘alternatives and also in identifying bridges close to but not on sections. This was felt to be important enough

to justify the time required to manually prepare a set of maps showing all HPMS sections and bridges in
the State, ‘

A set of county maintenance maps identifying all bridges and major culverts by number has routinely
been produced in North Carolina for several years. This provided the base on which to display HPMS
sections. The plotting of the HPMS sections presented a more difficult problcm Several years ago when the
HPMS system was created, each section was manually plotted and numbered on county maintenance maps.
Location descriptions from these maps were coded in the HPMS data base. Two ‘problems made these
original visual displays almost useless as overlays on current bridge maps. First, the maps were not updated
as the HPMS system changed over time. Second, the original numbering scheme was modified when
transferring section descriptions from the maps to the data base to such an extent that the two sources could
no longer be easﬂy cross- reff:renced

The locatlon descnpuons in the 1984 HPMS data base were used to plot each of the sections on the

 bridge location ‘maps. Because locations are described by county, route, and milepost in this data base and

because milepost numbers are not displayed on North Carolina county maintenance maps, this was a tedious
exercise in locating begmnmg and ending points for sections by measuring along the route from a county
line reference.

3. 2‘.21DENTIFICATION 'OF BRIDGE WEIGHING SECTIONS

The choice of the BWS a compromrse 1o provide the multlplc data collection capability desired by
the NCDOT, reduced significantly the number of HPMS sample sections that-could be used for weighing.

© Aside from the obvious need of a bridge, additional restrictions were dictated by the nature of the BWS and

by the requirement for reasonable access to the bridge girders from below.
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Criteria for Bridge Selectior; :

Bridge skew less than 45 degrees.

Span length less than 100 feet.

No traffic signals at ends of bridge.

Highway grade separation.

Safe parking below bridge for equipment trailer.
Reasonable access to bridge girders.

A e S

The initial match of the bridge file against the HPMS file found 850 of the more than 2800 sections
contained some type of structure. These structures were stream crossings ranging from box culverts to major
bridges, railroad crossings, and highway crossings. Most of these were not suitable for use in weighing.
Realizing that only highway grade separations would provide easy access to bridge girders and parking out
of sight of the traffic being weighed, a listing of these separations was produced from the bridge file. With
this list the number of HPMS sections that contained a suitable bridge was further reduced to 194. Because
the application of the other five criteria would decrease the number of suitable sections even more, there
was concern that insufficient sections would be available from which to draw the sample.

3.2.3ADDITIONAL SAMPLES

To enlarge the number of sections from which the sample would be chosen two alternatives were
considered. The first was to identify all acceptable bridges on the entire highway system that were within
the proper volume groups of the required functional classes and create new HPMS sections. The second was
to return to the sample previously excluded sections that were in close proximity to a suitable bridge.

Creating new HPMS sections was found to be a difficult task. Searching for lengths of road which must

meet multiple criteria demands a well-designed, unified data base. As a minimum, it must be possible to
overlay bridge and volume data on the functionally classified highway system. Such a data base did not exist
in North Carolina. This meant a very tedious manual overlay of information from several data files to
identify new HPMS sections. For this reason this procedure was only used to locate a few samples which
could not be found otherwise.

- The method of choice was to return excluded sections to the universe by identifying those sections that
had a suitable bridge close by and treating the section as if the bridge were located on it. No restriction was
placed on multiple HPMS section references to the same bridge. In fact, 155 bridges were referenced by two
or more HPMS sections. By this means the number of sections in the weight universe was increased from
194 to 601 distributed as shown in Table 3-6.

The use of multiple references is an artificial means of expanding the universe and is similar in some
respects to the procedure recommended by the FHWA of returning sections to the sample pot after being
chosen in order to make them eligible for reselection. Regardless of the method chosen, there will be some
cells in the sample for which a suitable bridge on or near an HPMS section cannot be found. In these cases
the only choice will be to locate and add new HPMS sections. ‘

3.2.4DISTRIBUTION BY YEAR

The final step of this phase of the study was the selection of 30 samples to be monitored in each year
of the 3 year cycle. According to the "Traffic Monitoring Guide" {the method of choice would be an equal
division each year of the samples by functional class Ultimately, pracucal considerations determined the final
distribution shown in Table 3-7.
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Use of the BWS requires compromise not only-in sample selection but also in weighing. Ideally
samples to be weighed each year should be selected equally from volume groups and functional classes and
distributed over days of the week. However the logistics of equipment movement and the arrangement of
reasonable work schedules make true random dlstrlbunon of welghmg sessions lmpracucal '

In North Carolina the movement of equipment from site to site was an important issue. Mlmmizmg
travel distance for this equlpment and for the personnel reqmred to move it was the controlling factor in
estabhshmg the annual schedule : ~

4. EVALUATIQN OF RESU"LTS'

The WIM system has been in operation in North Carolina for nearly two years. In that time 48 of the
90 HPMS weight samples have been completed and sufficient data is now available to make comparisons
to the previous weighing technique and to provide improved pavement design information.

4.1 ESAL COMPARISON

EquiValent'sihgle axle loads was the variable chosen to evaluate differences between data gathered with
static wheel scales and that gathered with WIM. It was found, however, that because of tabulation
differences, a direct comparison by vehicle type and functional class was very difficult.

The last year data was collected with static scales in North Carolina was in 1979. That data was
tabulated using the FHWA W’ Table software. Only 20% of the WIM data collected in 1986-88 had been
processed by that same software when this report was prepared. Therefore the BWS software was relied upon
to calculate ESAL information from the WIM data. Unfortunately there are significant differences in the
way these two software packages summarize information.

The 1979 North Carolina W-4 Table is tabulated in broad categories of the Interstate Rural System,
the Other Rural System, and the All Urban System while the 1986-88 BWS tables are divided into the full
range of functional classifications. In order to make a comparison of the ESAL's
from these outputs, collapsing of functional classes and of vehicle types was performed using the number
of vehicles weighed as a weighting factor. The result is shown in Table 4-1. This illustrates the dramatic rise
in 18-kip equivalents found with WIM equipment. The increases are most noticeable in the TTST categories,
ranging from roughly two to four times the 1979 ESAL'’s; a matter of real concern because there are strong
indications that not only are the loads carried much heavier but also that the number of these trucks is
increasing at a faster rate than other types.

5.  CONCLUSIONS

The four principal purposes for which the NCDOT planned to use weighing-in-motion were very broad
in scope and were not necessarily compatible. Nevertheless an attempt was made to satisfy all data needs
with a single system. To date there have been varying degrees of success in meeting these needs.

In collecting and reporting ESAL’s in compliance with the "Traffic Monitoring Guide" sampling
procedure the restrictive nature of the Bridge Weighing System limited the actual number of HPMS sections
that could be monitored to such an extent that there were too few or no possibilities in some cells of the
sample. The resulting effort to fill the missing cells was difficult and not completely successful and has raised
the question of possible bias being introduced into the HPMS sample. For TMG sampling the BWS was
found to have significant limitations.

The development of ESAL'’s for pavement design produced the expected higher values. This further
supports the theory that WIM gives more realistic results by eliminating many of the problems of static
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weighing, particularly that of scale by-passing by heavier trucks. In this regard the BWS has an advantage
over most other WIM systems in being less obvious to truckers when in use. _

Measuring stress in bridge members is a worthwhile goal and is possible only with the BWS. At this
writing the vendor and bridge engineers in North Carolina have not yet agreed on the final version of the
software for this task. ‘ !

The use of WIM as a supplement to enforcement weighing vf/as attempted. using inductive pads as a
high speed screening device upstream from a team that stopped and weighed suspected vehicles with static
wheel scales. This effort did not prove to be satisfactory. The BWS is even less suited to screening because
of the limited number of sites at which it can be used. Its role in enforcement weighing will be largely
identification: of violation tendencies by route and time of day.

The North Carolina effort has demonstrated that no single s&stem now on the market is capable of
fulfilling all possible weighing needs. To achieve its goals the NCDOT must broaden its program in two
areas: ‘

1. Continued development of the bridge stress analysis caphbility of the Bridge Weighing System.

2. The addition of a hlghly portable system such as the mducnve pad or piezoelectric cable for better
compliance with the TMG samplmg procedure.

Overall the experience of the NCDOT with WIM has been positive. By itself the possnblc reduction
in pavement maintenance costs through better design justifies the program. The future will be a continued
effort to provide weight data for a wider spectrum of uses.
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‘ TABLE 3-1 ;
NORTH CAROLINA MILEAGE AND DAILY TRAVEL SUMMARY
‘ 1984

RURAL DATA

PRINCIPAL ARTERIALS MINOR  COLLECTORS LOCALS  TOTAL

————————— =—==—=———= ARTERIALS --—----—-—-=-

INTERSTATE OTHER MAJOR MINOR
MILEAGE 595 2018 1985 10562 9171 50771 75102
DVMT (000) 11234 13511 8186 23893 6572 10417 73813
SMALL URBAN DATA

PRINCIPAL ARTERIALS MINOR COLLECTORS = LOCALS

e e ARTERIALS

INTERSTATE OTH FREEWY  OTHER -
MILEAGE 36 69 663 663 494 3911
DVMT (000) 738 1230 7410 2957 606 22175
URBANIZED AREA DATA

PRINCIPAL ARTERIALS MINOR COLLECTORS  LOCALS

e ARTERIALS )

INTERSTATE OTH FREEWY OTHER ‘
MILEAGE 165 140 975 1463 835 8204
DVMT (000) 5511 4731 15352 9580 1906 5535
STATEWIDE TOTALS

TOTAL PUBLIC TOTAL

ROAD MILEAGE DVMT (000)

=mmaEnsssTmmm= _—=meEmEmEsss==

92720 131644

' :;,;La:fy.;i"r V

TOTAL

TOTAL

—— e e i
_===s===
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TABLE 3-2

STATION DISTRIBUTION BY FUNCTIONAL CLASS g

1984+ Class Weight y

DVMT Station Station %

RURAL ' . "
Interstate . .. . 11,234,000 39 - 19 {
other Principal Arterials 13,511,000 34 8 f
Minor Arterials 8,186,000 21 5 g
Collectors 30,465, 000 76 19 L
—————————— - - &

: _ '

63,396,000 170 - 51 5

SMALIL, URBAN - g
Interstate » 738,000 2 1 %'
Other Freeways & - -
Expressways 1,230,000 3 1 |

Oother Principal Arterials 7,410,000 .18 5 %
Minor Arterials - 2,957,000 7 2 B
Collectors = . 606,000 2 1 g
12,941,000 320 10 §

URBANIZED 5
Interstate .= . 5,511,000 19 . 10 g‘
Other Freeways & BERRE o "

' " Expressways 4,731,000 .12 . 3 f

Other Principal- Arterlals 15,352,000 38 9 .
Minor Arterials . 9,580,000 24 6 ‘
.,Collectors o 1 906 000 5 1 3
37,080, 000 98 29 g

GRAND TOTAL . 113,417,000 300 90 é
%1984 NorthﬂggrQIina “Mileageyand‘Daily Travel Suﬁmary" |

116




L1

TABLE 3-3 (a)

FHWA-HPN-21
1984 HPMS NORTH CAROLINA

RURAL » : ' CALCULATED
: ' ' NO. OF SAMPLE EXPANSION UNIVERSE
' e SECTIONS MILEAGE FACTOR MILEAGE
INTERSTATE " ' '
VOLUME GROUP 01 .2 - 8.520 1.00 8.520
VOLUME GROUP 02 51 302.7170 1.23 372.4017
"VOLUME GROUP 03 23 97.450 1.717 172.487
VOLUME GROUP 04 1 +29.630 1.27 37.630
'VOLUME GROUP 05 2 3.230 1.04 3.359
TOTAL 85 441.600 , 594.403
OTHER PRINCIPAL ARTERIAL ' :
"VOLUME GROUP 179 827.030 1.07 884.922
VOLUME GROUP 02 145 527.360 1.63 859.597
VOLUME GROUP 03 25 81.910 r2.22 181.840
VOLUME GROUP. 04 9 40.130 1.44 57.787
VOLUME GROUP 05 -6 18.950 1.19 22.551
VOLUME GROUP 06 1 ) 2.170 3.18 - 6,901
TOTA 365 1,497.550 2,013.598
MINOR ARTERIAL v : g
VOLUME GROUP 01 71 411.840 1.90 782,496
VOLUME GROUP 02 40 167.490 4.02 673,310
VOLUME GROUP 03 19 64.580 6.79 438.498
VOLUME GROUP 04 14 -31.5870 2.417 17.9178
' VOLUME GROUP 05 6 9.720 1.50 14.580
OTA 150 685,200 1,986.862
MAJOR. COLLECTOR '
VOLUME GROUP 01 89 338.400 22.07 7,468.488
VOLUME GROUP 02 49 130.450 16.23 2,117.204
VOLUME GROUP 03 17 38.780 22.86 886.511
VOLUME GROUP 04 11 10.090 8.76 88.388
TOTAL : 166 517.720 10,560.591
MINOR COLLECTOR S .
VOLUME GROUP 01 158 453.260 16.65 7,546.7179
VOLUME GROUP 02 52 107.080 12.09 1,294.597
VOLUME GROUP 03 14 . 22.960 8.178 201.589
VOLUME GROUP 04 13 21.1720 4.23 91.876
VOLUME GROUP 05 6 7.180 5.26 37.1617
TOTAL 243 612.200 9,172.608
INTERSTATE 139A
VOLUME GROUP 03 1 0.340 . 1.00 0.340
TOTAL 1 0.340 0.340




TABLE 3-3 (b)

FHWA-HPN-21
1984 HPMS NORTH CAROLINA

SMALL URBAN

CALCULATED
NO. OF SAMPLE EXPANSION UNIVERSE
SECTIONS MILEAGE FACTOR MILEAGE
INTERSTATE , ,
VOLUME GROUP 02 11 12.470 1.47 18.331
VOLUME GROUP 03 8 8.750 1.67 14.613
VOLUME GROUP 04 1 0.860 2.98 2.563
TOTAL , , 20 22.080 35.507
OTHER FREEWAY & EXPRESSWAY '
VOLUME GROUP 01 18 12.400 1.60 19.840
VOLUME GROQUP 02 32 18.540 2.06 38.192
VOLUME GROUP 03 4 2.300 3.05 7.015
VOLUME GROUP 04 1 0.410 8.71 3.571
TOTAL , 55 33.650 68.618
OTHER PRINCIPAL ARTERIAL :
VOLUME GROUP 01 106 53.430 2.28 121.820
VOLUME GROUP 02 107 63.280 4.43 280.330
VOLUME -GROUP - 03 65 39.760 4.00 159.040
oy VOLUME GROUP 04 16 12.700 5.72 72.644
o VOLUME GROUP 05 13 9.960 1.92 19.123
VOLUME GROUP 06 5 4.070 1.75 7.123
VOLUME GROUP 07 2 2.020 1.13 2.283
TOTAL 314 185.220 662.363
MINOR ARTERIAL :
VOLUME GROUP 01 57 25.830 10.09 260.625.
VOLUME GROUP 02 28 11.160 21.37 238.489
VOLUME GROUP 03 12 9.510 14.117 134.757
VOLUME GROUP 04 5 2.290 9.20 21.068
VOLUME GROUP 05 5 2.690 2.71 7.451
VOLUME GROUP 06 1 0.610 1,34 0.817
TOTAL 108 52.090 663.207
COLLECTOR ' :
VOLUME GROUP 01 - 104 49.030 6.33 310.360
VOLUME GROUP 02 32 15.270 7.07 107.959
VOLUME GROUP 03 20 8.550 8.21 70.196
VOLUME GROUP 04 4 1.850 3.03 5.606
VOLUME GROUP 05 1 0.050 1.00 . 0,050
TOTAL i61 74.750 494.171
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URBANIZED

INTERSTATE
~ VOLUME GROUP 01
- VOLUME GROUP 02
VOLUME GROUP 03
VOLUME GROUP 04

TOTAL

OTHER FREEWAY & EXPRESSWAY
VOLUME GROUP 01
VOLUME GROUP 02
VOLUME GROUP 03

TO
OTHER PRIN%IPA% ARTERIAL

VOLUME GROUP 02
VOLUME GROUP 03
VOLUME GROUP 04
VOLUME GROUP 05
VOLUME GROUP 06
VOLUME GROUP 07
VOLUME GROUP 08
VOLUME GROUP 09
VOLUME GROUP 10

TOTAL

MINOR ARTERIAL
VOLUME GROUP 01
VOLUME GROUP 02
VOLUME GROUP 03
VOLUME GROUP 04
VOLUME GROUP 05
VOLUME GROUP 06
VOLUME GROUP 07
TOTAL

COLLECTOR _
VOLUME GROUP 01
VOLUME GROUP 02
VOLUME GROUP 03
VOLUME GROUP 04
VOLUME GROUP 05
VOLUME GROUP 06
TOTAL

INTERSTATE 139A
VOLUME GROUP 01
VOLUME GROUP 02
VOLUME GROUP 03

TOTAL

NO. OF
SECTIONS

20
31
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TABLE 3-3 (C)

FHWA-HPN-21
1984 HPMS NORTH CAROLINA

~ SAMPLE

MILEAGE
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RURAL INTERSTATE

TABLE 3-4

STATION DISTRIBUTION

BY VOLUME GROUP WITHIN FUNCTIONAL CLASS

Classification Sample

G - —— ——— S o Mo . . . ———

Weight Sample

——— s oy i — o - ————— 1 —

Volume Mean HPMS HPMS Combined Combined Combined Combined
Group Volume Miles DVMT Groups DVMT Station Groups DVMT
1 5,000 8.5 42,500
2 15,000 302.8 4,542,000 1,2 4,584,500 22 1,2 4,584,500
3 25,000 97.4 2,435,000 3 2,435,000 12 3 2,435,000
4 35,000 29.6 1,036,000 4,5 1,184,500 5 4,5 1,184,500
. 5 45,000 3.3 148,500
fg __________________________ ——— ] e ———————
441.6 8,204,000 8,204,000 39 8,204,000
RURAL OTHER PRINCIPAL ARTERIAL
Classification Sample Weight Sample
Volume Mean HPMS - HPMS Combined Combined Combined Combined
Group Volume Miles DVMT Groups DVMT Station Groups DVMT
1 2,500 827.0 2,067,500 1 2,067,500 9 1 2,067,500
2 7,500 527.4 3,955,500 2 3,955,500 16 2 3,955,500
3 12,500 81.9 1,023,750 3 1,023,750 4 3 1,023,750
4 17,500 40.1 701,750 4 701,750 3 4,5,6 1,251,250
5 25,000 18.9 472,500 5,6 549,500 2
6 35,000 2.2 77,000
1497.5 8,298,000 8,298,000 34 8,298,000
. Y- TR - BTG  FEEE - FENE TN @Wm, L P PN T
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TABLE 3-5

STATION DISTRIBUTION SUMMARY
BY VOLUME GROUP WITHIN FUNCTIONAL CLASS

RURAL SMALL URBAN URBANIZED
Combined No. Combined No. Combined No.
Vol Groups Samples Vol Groups Samples Vol Groups Samples
Interstate 1,2 11 2,3,4 1 1 2
3 6 2 6
4,5 2 3,4 2
Oth Frw & Exp 1,2,3,4 1 1 1
2 1
3 1
Oth Prin Art 1 2 1 1 1,2,3 2
2 4 2 1 4 2
3 1 3 1 5 1
4,5,6 1 4,5,6,17 2 6 2
7,8,9,10 2
Minor Art 1 1 1,2,3 1 1,2 1
2 1 4,5,6 1 3 2
3 1 4 2
4,5 2 5,6,7 1
Collectors 1 7 1,2,3,4 1 1,2,3,4,5,6 1
2 6
3 3
4,5 3
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Functional Classification
Rural
Interstate
Other Principal Arterials
Minor Arterials o
Collectors

Small Urban
Interstate
Other Freeway & Expressway
Other Principal Arterials
Minor Arterials
Collectors

Urbanized
Interstate S
Other Freeway & Expressway
Other Principal Arterials
Minor Arterials
Collectors

Total

12
15

19
29

13

144

TABLE 3-6

EXPANDED HPMS UNIVERSE

Volume Group

2 3 4 5 6 7 8 9
46 117 6 2 2
38 5 5 3 1 2
2 3 3
10 3 2
7 7 1
20 2
18 5 1 2
3
1 1
30 12 1
44 12 - |
4 25 23 9 11 18 3 3
7 12 10 8 3
233 104 52 23 17 22 3 3
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TABLE 3-7

ANNUAL SAMPLES BY FUNCTIONAL CLASSIFICATION

Functional Classification
Rural
Interstate
Other Principal Arterials
Minor Arterials
Collectors

Small Urban
Interstate ‘
Other Freeway & Expressway
‘Other Principal Arterials
Minor Arterials ‘
Collectors

Urbanized

Interstate

Other Freeway & Expressway
Other Principal Arterials
Minor Arterials

Collectors

Year 1

123

ONOPRrO

Year 2

- ——— - -

FONOO

Year 3
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TABLE 4-1

COMPARISON OF EQUIVALENT SINGLE AXLE LOADS
STATIC WHEEL SCALES VERSUS WIM

2 AXLE-6 TIRE 3 OR MORE AXLE 3 AND 4 AXLE 5 OR MORE AXLE
SINGLE UNIT TTST TTST
STATIC WIM STATIC WIM STATIC WIM STATIC WIM
RURAL INTERSTATE
Rigid 0.1717 0.229 0.691 0.726 0.547 1.287 1.242 1.780
Flexible 0.180 0.248 0.512  0.630 0.497 1.282 0.7517 1.165
ALL OTHER RURAL ‘
Rigid 0.136 0.162 0.818 0.971 0.374 1.211 0.876 1.693
Flexible 0.142 0.182 0.591.  0.644 0.335 1.264 0.555 1.096
R
ALL OTHER URBAN*
Rigid 0.123 0.077 0.749 1.368 0.263 1.004 0.692 1.5565
Flexible 0.125 0.066 0.519 0.915 0.265 0.956 0.447 1.015

*Does not include Interstate or Other Freeways & Expressways
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WISCONSIN REVISED TRUCK WEIGHT STUDY
Paul P Stem Wlsconsm Department of Transportation
BACKGROUND

In 1983 the Wisconsin Department of Transportation (WISDOT) implemented a truck weight data
collection program utilizing a high speed Bridge Weigh-In-Motion (BWIM) system. This program called for
data collection at 21 locations on 7 functional highway systems throughout the state. Duration of site
operations was to be determined by attainment of predetermined truck type samples. These goals, and the
allocation of sites between highway systems were determined by statistical analysis of Gross Vehicle Weight

(GVW) data collected at permanent scales between 1980 and 1981. Additional guidelines were established

to collect day, night, and seasonal data at a control station on each highway system.

In 1986 WISDOT began a study of the data collected to determine the adequacy of the program, the
validity of the data collected, and to make recommendations for revisions in the program in light of the
results of the analysis and the then recently publlshed FHWA Transportation Monitoring Guide (TMG)
guidelines. The results of this study were published in December 19871. These results along with a the
findings of a companion study on the populauon of overweight trucks in Wisconsin? are the focus of my
presemauon

1983 - 1986 DATA BASE FINDINGS

While the plan calledvfor collection of a target goal number of trucks for each truck classification

for each hlghway system, the plan did not specify which goals were a priority, or how many goals should be

attained. The practicality of time and equipment schedulmg became the controlling factor, so in general
collection was limited to that which could occur in a 40 hour week which included travel time, site
preparation and equipment removal from two bridges or opposing lanes per week. This resulted in the
attainment of 95% Confidence with 5% Precision level sampling goals for 3S-2s for most highway systems
and 95/10 level goals for common truck types on higher volume systems. Samphng goals were seldom
attained at night collection sessions or on weekends.

Based on the~variability‘ of GV,Wa 95[20 C/P level was attained for the overall data base. Individual
highway systems ranged from 95/10 to 95/20 with the higher levels on the higher volume systems. For the
3S-2 which accounts for up to 80% of the truck population observed, a 95/10 to 9520 C/P levels were
attained based on ESAL variability, Slightly higher levels are attained if only loaded trucks are considered.
These results met the goals of the plan with respect to weekday daytime data for the higher volume systems.

‘METHOD OF. DETERMINING REVISED PROGRAM

Inmally determination of number of sites requlred for a revised program was attempted following
the logic of the 1983 plan demgn while basing the determination on variability of ESALs as recommended

‘in the TMG. This method based on weighted variability of ESALs between trucks produced a station

requirement in excess of 2000 stations. It was then determined to utilize a parallel approach but based on
the variability of station averages for GVW and ESALs. This method thus looks at variability between sites
and produced the following station requirements based on C/P level noted.

1 Stein,’PaUl P., 1987. Review and Revision of the Wisconsin Department of Transportation Statewide Truck

Weight Study Program. Madison, Wisconsin: Wisconsin DOT.

2 Stein, Paul P., Friedrichs, David A. and Wiley, Marsh M., 1988. The Overweight Truck in Wisconsin -

1ts Impact on Highway Design, Maintenance and Enforcement Planning. Madison, Wisconsin: Wisconsin DOT.
125




ESTIMATED STATION REQUIREMENTS
BASED ON VARIABILITY OF MEAN ESALS BETWEEN STATIONS

Confidence/Precision Levels
Highway System - 95110 95/15 95/20
Urban Interstate (UI) 1 - 1 1
Rural Interstate (RI) ‘ 18 8 5
Urban Principal Arterial (UPA) 23 10 6
Rural Principal Arterial (RPA) 6 3 2
Urban Minor Arterial (UMA) * * o
Rural Minor Arterial (RMA) 256 114 - 64
Major Collector (MC) 231 103 58
* Only one station in data base, can not be détcrmined using this method.
REVISED PROGRAM

Based on the table above and the stated goals in the TMG the revised program will continue to
collect data on 7 highway systems statewide at 69 stations over a three year cycle with one-third of the
stations on each system sampled annually. Twenty-four stations will be on the Interstate with 6 on Urban
segments and 18 on Rural. The urban sites were increased from the 1 needed according to the table to 2
per year to attain wider system coverage. Nine stations were assigned to each of the remaining systems. This
should result in attaining TMG goals of ESAL data on 3S-2s at the 95/10 C/P levels or better on the
Interstate and 95/20 for other systems, while providing us with expanded data to refine station assignment
on systems other than the Interstate. | ‘

While sample goals for each truck type for each highway system were determined, they will be used
as benchmarks for analysis of future data. Collection will be sche*iuled to include a minimum of 48 hours
of continuous directional data collection at each site. Where ever practical data will be collected for all lanes
of traffic. This system is anticipated to produce an expanded data base meeting benchmark goals on higher
volume systems and sufficient data on lesser volume systems. To facilitate the expanded collection system
the BWIM was replaced with two 2 lane pad W-I-M (PWIM) systems. Collection on 4 lane divided highways
is accomplished by operating both systems from a motor home pFrlked in the median.

CONTROL PROGRAM |

A control program for the purpose of collecting day of week and seasonal data was established. Under
the old program one station on each system was designated as a control station at which in addition to the
normal collection effort, one evening, one weekend, -and three additional weekday sessions were scheduled
per cycle (2 year). While this data provided some insights, it was not a statistically significant sample for
valid analysis of evening and weekend data and the collection of additional weekday sessions did not follow
a standard repeatable format. ' %‘ '

| : :

To improve on the validity of the control program it was decided to focus the program on two systems,
the urban and rural interstate. Three control stations were assigned to each system, with one on each to be
collected each year. Collection at control stations will begin on \monday following travel to site and site
preparation and continue through the following week tuesday morning in alternating months from may
through october resulting in three full weeks of data collection at each location. It is anticipated that this
additional data will allow for the beginning development of factors for factoring 48 hour sample results to
average weekly and average annual data. It is anticipated the co*ntrol program will be useful in providing
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insights in determination of station needs for continuous truck weight data collection when the systems

become affordable for network installation.

SITE SELECTION

Due to the size of the sampling plan and the need to meet requirements of other data users sites
were selected based on a number of criteria including AADT, HPMS sections, proposed SHRP sections,
proximity of BWIM collection site, proximity to permanent enforcement scales, and proximity to existing
ATR, control or classification count stations. AADT was a major factor in determination of possible
segments. on the minor arterial and major collector systems. Proposed SHRP sections were given priority
over an equally qualified non- SHRP segment. Former BWIM collection sites, with suitable AADT were
utilized for the value of historical data comparison. However, BWIM sites that were chosen primarily based
on the availability of a bridge were not given priority. Possible sections were given consideration if they were
in the proximity of a current ATR station or a count or classification control station. A map depicting
possible site segments and enforcement scales was made and proposed sites were prioritized based on the
forgoing considerations and the desire for statewide coverage. Where ever possible sites on the same segment
or in close proximity to an enforcement scale were avoided. Final site selection was made by staff members
inspecting the segments to determine if a specific site meeting PWIM system requirements existed. Two staff
members touring the state over a week and a half period were able to field select approximately half of the
69 locations, only three segments had to be dropped due to no suitable site being found. Assignment of
proposed sites to collection year was done through the use of random selection with minor alterations to
eff1c1ently schedule collection at sites on dxfferent systems -in‘close proximity.

Avoidance of enforcement ‘scales was done to maximize the probablllty of sampling an unbiased

" universe. An analysis of the data base for the years

1983 - 1986 indicated that overall 14% of the 3S-2s observed had a probable axle load above the legal limit.
The average on hlghway systems ranged from 24% on the Urban Interstate to 6% on the Rural Minor
Arterials, It is estimated that only 1% of the trucks weighed at enforcement scales are found to have a
weight violation. Through the decision to avoid collecting data near enforcement scales it is hoped that
system data will be developed to better assmt the State Patrol in future scale site selection and personnel
staffing and scheduling. ! |

DATA ANALYSIS
MAGNITUDE OF DATA

Under the old program utilizing BWIM the maximum trucks weighed in a season was apprommately
12,000. Over 250,000 truck weighing’s have been accomplished through the end of September this year under
the new program. It becomes imperative that this data be analyzed on a timely basis and the information
disseminated to interested parties.

‘Each state and the Federal Government will be faced with the problem of managing this mountain
of data and each analyst will be faced with some surprising and unexpected observations. New formulations
for determining daily, weekly, monthly and annual average ESALs will be tried and improved upon. Various
systems of data summarization will be designed. Old reports will be updated and new ones created and a
multitude questions will need answers. While we are at the threshold of the new age in affordable automated
WIM and AVC data collection systems it becomes imperative that findings, surprising observations, and
questions be readily shared so that we may move forward efficiently.
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OBSERVATIONS AND QUESTIONS

How should ’Average ESALs’ be determined? Since the ESAL curve is geometrical and not a straight
line progression, is the 'mean’ a valid computation? Using the old analogy which illustrates that you can’t
average values on the Richter Scale to come up with an average earthquake, the same applies to the
earthquake scale of the 18 wheeler, the ESAL.

When analyzing ESALSs is it proper to use statistical methods lLased on standard distribution or should
a non-standard distribution method be developed?

Is it valid to use the AASHTO formula for determination of ESALs from dynamic forces? The
AASHTO study measured the weight of the test trucks statically and did not measure dynamic effects. Since
high and moderate speed WIM system dynamic weights will vary significantly from static weights are we
overestimating ESALs when computed from WIM observations?

Which is the best method of determining ESALS; using lookLup or semi-look-up table methods that
assign one ESAL value to a range of 1,000 KIP for a single axle, 2,000 for a tandem and 3,000 for a Tridem
with a table maximum value (similar to the method used in the new W-Table software) or computing ESALSs
based on formula to 0.1 KIP? WISDOT has computed ESALSs using the AASHTO formula to 0.1 KIP. Our
vendor software also computes an ESAL value for each truck using the look-up table approach. Based on
approximately 150,000 FHWA Class 9 vehicle weighings this year the formula determined the average ESAL
to be 1.6361 while the look-up approach resulted in a value of 1.9052, 16 percent greater than the formula
method. This finding was some what of a surprise since there is no cap on the maximum ESAL that can
be calculated. However, the variability of the ESAL observations when computed is greater than when a
look-up method is used. The COV for these observations is 1.15 using the look-up tables and 1.36 following
the formula. :

An interesting and unexplained observation from the BWIM data showed that GVW on all: highwy
systems for 3S-2s rose substantially at night. However, Average ESALs per 3S-2 were lower at night on
Rural segments and higher on Urban segments than their correspondmg daytime average. Many explanations
for this are possible. It would be interesting to know if anybody eTe has noted this phenomena. The 1988
data has yet to be analyzed in this respect.

I thank you for the opportunity to share some observations on how we in Wisconsin are approaching
WIM data collection and some of the questions and observations we have seen. It is my hope that this
conference will generate further discussion and the sharing of data and analytic approaches among the
participants and their jurisdictions.
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NETWORK AND PROJECT DATA COLLECTION
William E. Barrows ,Illinois Department of Transportation

1llinois Highway System

Illinois has 136,928 miles of roads and streets that carry 76 billion vehicle miles of travel (VMT)
annually. The state system, 17,242 miles, represents 13% of the total miles but has 65% of the annual VMT.
The interstate system .of 1,933 miles, just over 1% of the total miles, carries almost one quarter of the
annual VMT in the state. In addition to the state system there are three other highway systems in Illinois.
Those are the county, township, and municipal systems. There are 102 counties, 1,488 townships, and 1,281
mumcxpalmes responsible for almost 120,000 miles of roads or streets or 87% of the total miles, however
they only carry about 35% of the annual VMT in the state.

Pavement Management, Major Data Items

The Department has a data base consisting of administrative data items, physical attributes and
operauonal data items on all the roads and. streets in Illinois as well as the 25,000 structures in the state.
There is also a pavement feedback system that is being implemented for the interstate system. That system
contains detailed information on the materials in the pavement, pavement distress, other construction details,
historic information such as loadings and other factors affecting pavement performance. Illinois has nine
district highway offices and each of these offices has a planning staff that has the responsibility for collecting
the inventory data used to revise the data base as well as obtaining traffic volume and vehicle classification
data. The central office is responsible for the policy and procedures for the data collection, processing the
data to the data base and providing users with reports and information from the data base.

There are certain data items that are of prlmary use in pavement management on the state system,
The major items listed are all data items included in the data base:

Functional Classification

Annual Average Daily Traffic (AADT)
Truck Traffic

‘Number of Lanes

Pavement Type

Pavement Width

Pavement Condition

Pavement Distress

Rideability

Shoulder Width and Type

The pavement condition rating survey is conducted on the entire state system on a biennial basis by
visual inspection of a trained panel of raters from each district. They collect condition rating, pavement
distress, and road ride. Condition rating is on a 1.0 (failed) t0 9.0 (excellent) scale. Road ride is based on
rider comfort:1 (poor) to 6 (good). Sampling techniques are used to ensure statewide consistency of data
among the 9 district offices. ' '

Traffic Volume Data

Collecting traffic volume data for entry into the data base consists of several activities.

We are ]ust completing a major renovation to our continuous count network. Several stations are
being relocated to provide the statistical data needed by functional classification. The continuous count
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network consists of 45 locations which are solar powered and use telemetry to transmit data to the central
office. Twenty-one of the stations classify the vehicles into the standard thirteen vehicle types as outlined
in the Traffic Monitoring Guide (TMG) using piezo cable as an axle detector. We also use 35 speed
monitoring stations to collect traffic volume data on a continuous 1;»a51s This bas:cally prov1des us with 80
locations where traffic volume data is collected continuously.

There are 36 locations where data is collected for one week in each of the months: April, June,
August and October. When seasonally factored, these counts provide reliable interstate anchor point AADT
volumes to supplement the continuous count locations. Inductance loops in the pavement are used and the
volume data is summarized by hour. There are also approximately 280 locations, many having inductance
loops, where one week of volume data is collected each year. The *olume data for the week long counts is
also collected on a hourly basis. |

|

The continuous count data is used to develop monthly factors to apply to 24 hour or 48 hour weekday
machine counts made on Monday through Thursday to obtain an AADT volume. The continuous count
stations are also used to develop travel monitoring reports on a anth]y basis.

There are about 25,000 machine counts made annually that are mostly 24 hour counts. The State
system is counted every two years and a map published along with entry of the volumes into the data base.

Each of the 102 counties are counted on a 5-year cycle. Roads having an AADT of 150 or more are
usually counted along with any railroad grade crossings and structures that would not have a count as part
of the scheduled count program. These counts are 24-hour machine counts taken on a Monday through
Thursday. Traffic flow maps are published for the counties and the traffic volumes are entered to the
highway data base by the district offices. Where district offices make comprehensive coverage counts in cities,
traffic volume maps are prepared and the volume data is entered into the data base. The volume counts
required for the Highway Performance Monitoring System (HPMST samples are integrated into the overall
counting program.

Vehicle Classification Data

Approximately 1,000 manual counts are made annually by the district offices for intersection design
studies or pavement design. These counts are automatically stored in a computer file when they are
processed and this data is used to develop estimates of VMT by vehicle type by functional class or federal
aid system. A truck map is published every four years showing truck volumes on the state system. Many of
the counts for the map are made manually. The 21 continuous count stations that were recently installed
that are classifying into the 13 vehicle types will be a major assetu:L estimating vehicle type VMT by system

as well as developing factors to use on manual and portable classification counts. We are also implementing
the TMG requirements whereby 48 hours of classification data will be collected at 300 sites, 100 each year.

Lack of portable classification equipment has limited us to about 40 sites per year for the last two
years but we anticipate that will improve now that we have acquired additional equipment.

Truck Weiaht Data

There are three permanent high speed WIM locations in Illir{ois. Each of these locations are on rural
interstate routes and are capable of weighing in each of the lanes. They are intended to operate .in a
continuous mode with the data transferred to the central office by telemetry.

We are implementing weighing of the truck weight samples on HPMS sections as outlined in the
TMG procedures which requires 30 locations per year, 90 samples in total for the three year period. A
portable weigh pad is being used to collect the truck weight data at these locations. There are also several
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sites where we have collected portable WIM data in conjunction with ortgo’ing‘ research in the Department
regarding specific pavement designs and the performance of those pavements.

Project Data Collection

Project data collection is a responsibility of each of the district offices. Depending on the project it
may be necessary to schedule machine volume counts and vehicle classification counts to supplement the
data collected for the network. Once the current volume and vehicle classification data are compiled traffic
estimates are prepared by the drstrrct office for each of three vehicle types, passenger vehicles, smgle unit
trucks and buses, and mutltiple umt “trucks (truck tractor semrtrallers, full” trarler combinations and other
combinations of a similar nature).

Truck weight data is not collected for individual projects for design purposes at the present time.
The current procedure entails the department utilizing static truck weight data to calculate 18 kip ESAL’s
per vehicle for each of the three vehicle types, passenger vehicles, single units, and multiple units. This
information is used to calculate a traffic factor which is the number of 18 kip ESAL’s anticipated to be
carried by the pavement over its design life. This data is then used to determine the pavement thickness
required.

At the present time we do not anticipate collecting truck weight data for individual projects. The
variability of WIM weights when compared to static weights and the associated problems in using dynamic
data to calculate ESAL’s to be used for design of a pavement are such that it is our opinion the method
currently in use is as good if not better than collecting truck weight data for specific projects. As an example
we compared the average gross weight of 76 five-axle single trailer vehicles (class 9) obtained from a weigh
pad at highway speeds of 55-60 MPH with the average gross weight of the same trucks at a permanent scale
used for enforcement. The average static gross weight was 57,960# and the average WIM gross weight was
58,860# or about 1.6% higher. However, the average ESAL per truck using the static weights was 1.46 while
the average ESAL using the WIM weights was 2.33 or 60% higher. We are interested in obtaining better
vehicle classification data for specrﬁc projects but feel we can use network truck werght data to determme
structural design.

We are analyzing the WIM data that has been collected and are making every effort to understand
the accuracy and limitations of the data. This information is being compared to the ESAL data by vehicle
type presently being used for design purposes and will be the basis ‘whereby revisions to the ESAL data will
take place in the future. However, we will probably use WIM data to detect trends in weights rather than
using ESAL’s from dynamlc welghts to replace those now in use.

~ We currently have a study underway with a umversrty consortium to evaluate WIM data we have
collected to determine if parameters such as speed, axle spacings, or steering axle weight could be used to
edit out questionable truck data. We have also used the average weight of the steering axle on class 9
vehicles as a measure of whether the WIM scales were in calibration during the perrod truck weights were
being obtamed ‘

Distribution of Truck Weight Samples

Selectron of the 300 vehicle classrficauon samples from the 3500 HPMS samples followed TMG
guidelines. Selection of the 90 truck weight samples from the 300 vehicle classification samples also followed
the suggested procedures. The truck weight samples are causing us some concern primarily because of the

split between rural and urban and the relative low volume of trucks at some of the selected samples.

The. vehicle classification Samp]es are distributed to urban and rural and volume subgroups

‘proportional to AVMT; therefore, the truck weight samples drawn from the vehicle classification samples

131




have 67% of the samples in urban areas because 69% of the AVMT in urban areas. However, class 9 truck
travel is just the reverse, that is, 66% is in rural areas with only 34% in urban areas.

The reason for using class 9 truck travel in this example; is because it represents those trucks

responsible for the majority of the ESAL’s applied to the pavements. As an example, data from our

permanent WIM station shows that class 9 vehicles account for 78% all trucks in the traffic stream and
almost 90% of the total ESAL’s being generated by those trucks. | .
s

The 30 selected truck weight samples on the interstate sysld:m show a similar pattern, that is, only

40% of the truck weight samples are on the rural interstate system where 69% of the interstate class 9 truck

travel occurs. In fact 46% of all class 9 truck travel in Illinois is on the rural interstate system but only 13%

or 12 of our truck weight samples are on that system. |
The 60 selected truck weight samples on other roads resulied in 70% of the sites in urban areas
where 41% of the class 9 truck travel on other roads occurs. Only 14% of all class 9 truck travel is on urban
other roads but 47% or 42 of our 90 samples are on this system. We also have several sites that have
relative low truck volumes. This is particularly true in urban areas on the lower classification roads.

Concerns, Problems, and Suggestions

Using the TMG procedures in Illinois resulted in 60 of the 90 truck weight samples in urban areas
where only 34% of the class 9 truck VMT is located. Thirty of the samples or 1/3 are not on the state
system and do not carry any route markings. The truck volume on many of those samples is very low.

This creates some problems unless we can madify the samgle selection somehow. Urban locations
with parking lanes basically prohibits us from setting a weigh pad. The cost per truck record of data
collected becomes extremely high where there are low truck volumes. We had one sample on 2 state marked
route where the AADT was about 1000 and the results of a 48 hour WIM set out resulted in 25 class 9
vehicles being recorded. The labor alone for driving to the site, setting it out, going back to pick it up plus
the flagmen and expendable commodities for the setout was at least $450 so it cost us $18 for each class
9 vehicle weighed.

The resources available to us to operate the portable WIM: are less than adequate so we want to
make sure that what we collect fulfills FHWA requirements as well as our own needs in the State. I believe
our current sample selection using the TMG is inadequate and needs to be 1mprovcd One suggestion is that
class 9 truck VMT should be part of the sampling procedure. That would result in a shift of the samples
to rural roads where the majority of class 9 truck travel is located. It is also suggested that a HPMS sample
for a truck weight sample be required to have a minimum number of class 9 trucks or it would be rejected
as a sample and replaced with a sample that does have some minimum number of class 9 trucks. This would
result in more truck weight data per sample, thereby reducing the cost per truck record.

In the discussion period following the presentations I onld be very interested in comments. or
suggestions you have regarding your experience usmg the TMG procedures to select the truck weight
samples.
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- NETWORK AND PROJECT DATA COLLECTION
Keith E. Longeneckeﬁ P.E, Idaho Transportation Department

Over the past several years, the Idaho Transportatlon Department has been developing and
1mplememmg new management systems 10 more efficiently carry out millions of dollars in construction and
maintenance activities through better information regarding the highway facilities and resources, and targeting
of limited construction and maintenance dollars. The programs are computer oriented, thus reducing
manpower requirements, while at the same time providing analytical capabilities.

The complexities of developing and implementing these systems have made it necessary for the
Department to hire private consultants and purchase equipment. This has resulted in up-front costs which
are now completed.

The Planning and Budgeting Cycle of the Idaho Transportation Department forms the hub around
which systems’ performance and programming activities revolve (Figure 1). In this cycle, roadway inventories
are conducted during April t0 September and the information is analyzed and evaluated and made available
for determining system service levels in October and November. In May, alternative construction and
maintenance work programs are drafted based on forecasted state user revenue for the budget year and
Federal-aid apportlonments A draft legislative budget prOposal is developed in June which is evaluated from
forecasted required manpower, resources, operation expenses, contract payments and equipment needs.
Required legislation and supplemental revenue are considered at this time. After the Bureau of the Budget
and legislative adjustments are made, an appr0ved budget is developed and the work program is adjusted

" by the Idaho Transportation Board. The various forecasts of manpower, etc. are then readjusted and the

Department’s internal budget is prepared. In a cyclic schedule, the inventories and system service levels are
revised for the following year’s activities.

- The principle roadway inventories that go into the budgetmg cycle are: pavement performance, traffic
data, accident history, bridge inspections and roadway environment. Systems service levels are established
for safety (economlc loss/mile and hazard reduction goals), maintenance (performance) and pavement and
bridge condition ratings. The above are used to identify system deficiencies and prioritize correcuve prolects

The Department has a small staff; therefore, it is essential that all data be processed as automatically
as possible. This is accomplished by collecting. data on magnetlc devices and processing it through
microcomputers to the IBM mainframe computer. For this purpose, several automated data collection and
processing systems have been developed.

Toda‘y, I will confine my remarks to two areas of data collection: traffic surveys and video imaging.
TRAFFIC SURVEYS

Idaho is presently implementing the Traffic Monitoring Guide including speeialaneeds studies. We
developed a statewide traffic data collection plan which will be evaluated in three years and again in six
years. The traffic volume data collection portion has been implemented and work is being done on
equipment needs for drawmg the vehicle classification and truck weight samples.

For the past three years we have been bmldmg a database of c0mmercnal vo]umes at ATR sites based
on vehicle volumes and lengths. These will be used to forecast commercial volumes by vehicle lengths and
changes in commercial trends. The ATR’s are also used to obtain data for seasonal variation analysis.

Our present traffic data system forecasts Equivalent Single Axle Loads (ESALS) stratified by light,
medium and heavy vehicle classifications. The AASHTO formula is used to calculate ESALS per vehicle.
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In the future, we will try to establish a correlation between the Gross National Product and truck volume
trends and also ESALS. If there are no correlations, we will continue to use truck volume and weight trends.
Vehicle classifications are collected for a minimum of 48 con‘tinuous hours. Because of the extended
count period we are actively working on upgrading vehicle classification equipment. Our philosophy is that
each vehicle is represented by a data record. This gives us the flexibility to calculate volumes, speed and
vehicle classes for any time increment by axle arrangement. To accomplish this, we have developed our own
vehicle classifier configured to an MS DOS microcomputer. This was done in an effort to write a
specification for the type vehicle data recorders we plan to purchase We have also been testing a vehicle
classifier developed by the Diamond Scale Co. of Oregon. These jwo classifiers have recently been tested
and the results are good. Twenty units have been ordered for more intensive study for network evaluation.

We conducted a study in cooperation with the State of Wyommg on traffic recorders from five different
manufacturers and the two units that capture individual vehicle r yrds. From the results, we do not believe
present commercial data collection equipment does an adequate job of binning truck weight and classification
data into thirteen vehicle-type categories.

In combination with the vehicle data recorder efforts, we Jre testing road tubes for diameter and
hardness. We find that lengths, diameter and hardness affect the accuracy of the data collection; and there
is also a significant variation in air switches. For these reasons, we are developing our own speciﬁcations
for road tubes and air switches. f

For truck weights, we have been testing Golden River WIMl equipment as part of the HELP study.
The tests have been made at Bliss, Idaho. Wiley Cunagin of Texas Transportation Institute has been
observing the field operations and analyzing the data. l

In Idaho, seven, nine and more axles are becoming more commonplace. The thirteen categories in
scheme F do not give enough information to monitor these vehicles. This affects the calculation of ESALS.
By capturing the time and speed of each axle, we are able to classify up to nine axles with the software we
have developed. In the future, this will give us the capability to perform pace, gap and speed studies directly
from the vehicle classification data. We will also be able to relate‘vehicle types to accident records.

Plans and specifications have been prepared for automating the Ports of Entry. The systems will be
modular and designed to capture each vehicle. At the present time, load cells are being installed on static
scales at the Ports of Entry so they can operate as slow speed weigh-in-motion scales. A data record for each
vehicle will be captured. A pilot project will include a vehicle classifier using road tubes or other
permanently installed axle sensors. At low volume Ports of Entry the modified static scales will be adequate.
At higher volume Ports of Entry we eventually plan to use WIM systems to bypass legal loads. From the
truck weight data seasonal variations and forecasting data will bc‘ determined. As part of the analysis, we
are trying to calculate WIM factors by commercial vehicle classifications. These will be used with actual WIM
data to arrive at accurate commercial weight data. i

For construction projects we plan to use WIM equipment to collect project specific information. This
will be done for major projects. We will have to collect data four times a year where there is seasonal-type
activity, i.e., logging, harvesting, etc. This would give us a base for forecasting ESALS and commercial
volumes from our network trends. We plan to track changes in trends of truck loadings at SHRP sites and
some HPMS sites. I should say, however, that I have some concerns regarding the use of dynamic loads for
pavement design at this time. ‘

|

A memorandum from Dick Morgan, Executive Director, FHWA, to the Regional Administrators,
dated March 2, 1988, recommended that "all States immediately move from the use of static weights for non-
weight enforcement data gathering to the use of WIM data collection using techniques comparable to those
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outlined in the FHWA Traffic Monitoring Guide (TMG) There are several issues that should be resolved
before this policy is firmed up. - : R

1. Dynamic loads should be correlated to static loads in the determination of load damage factors for
pavement design since the AASHTO equations are based on static loads. The SHRP study should enable

- us to make ‘the correlanons

2 There are factors that affect dynamlc 1oads wmch vary from location to. locauon, ie, roughncss grade,
etc. These need to be evaluated.

VIDEO IMAGIN G

The pavemem dlstress survey is a component of the Idaho Transportatlon Department’s annual
pavement condition inventory. The other components are roughness, deflection and skid. The computer
models can be run using any combination of distress, roughness and deflection or singly. The current method
of observmg and ratmg the pavement surface distress through the window of a slow moving vehicle is time
consuming, inaccurate and incomplete. Therefore, the Department has been involved in the development of

an automated pavement surface distress acquisition and analysis system which is capable of providing

pavement surface distress data either at the network or project levels in a fast, complete and accurate
manner.

‘ The initial work was begun in 1983 and vertical video pictures of the Idaho Interstate system and
selected Primary highways were taken at highway speeds in 1985, 1986 and 1987. The work has progressed
to the point where project level cracks can be identified by type, quantity and severity. These are
automatically calculated and plotted with a Compaq 386 computer. We are presently investigating methods
to increase the trough time to digitize the video frames. This includes a 25 MHZ microcomputer and
specialized digitizing boards.

* The scope of work for 1988 consists of again capturing the pavement surface images of the Idaho
Interstate highways and the Principal Arterials in ITD District Three with four video cameras mounted in
a trailer and towed at traffic speeds up to 65 MPH.

The Interstate" Highways will be surveyed in both directions while the Principal Arterials will be
surveyed in one direction only. The total estimated mileage of the pavement surface to be surveyed is 1220
lane miles of Interstate Highways and 380 miles of Principal Arterials.

Three cameras will be positioned so that at least a twelve foot width of the pavement surface is
covered. A fourth camera will use a wide angle lens to shoot the entire twelve foot width for visual
synchronization purposes. The name of the highway, milepoint and segment code, direction of travel and
survey date will be recorded on the video tape at the beginning and ending of each tape. Milepoints to the
thousandth of a mile will be shown on the monitor at all times during tape playback. The tapes will be in
VHS format to allow the automated data extraction program to extract cracking data from the tapes.

The objectiizes of the Distress Index development procedures are as follows:

1. Utilize the video images captured in pixel by a CCD video camera at highway speed as the primary
basis and source of the Pavement Distress Survey.

2. Develop a process whereby gray-scale resolution of video images can distinguish and classify various
pavement crack types on pavements of the State High;way System.
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3. Develop a process whereby pavement distress can be measured as to its approximate crack length
and width and develop a program algorithm to calculate the surface crack impact area.

4.  Study and analyze procedures and hardware that will facilitatt: mass storage of inventoried historical
data for evaluating crack indices and performance of pavement ma]mtenance and rehabilitation needs.

5. Develop an indexing procedure based upon the various distresg and severity classifications, and dénsity
of affected crack areas; and identify the stages of pavement crack deterioration and the implication of the

pavement distress in relation to performance. }

In conclusion, technological developments are changing the why we do things in the highway business.
With the data collection and processing power available to us lr)day and tomorrow, we will do things
impossible only a short time ago. In the future, I believe we will see deflection and pavement thickness
measuring devices traveling at highway speeds. The motto for tomprrow is: "Think Digital.”
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REMARKS ON THE FEASIBILITY OF A NATIONAL HEAVY VEHICLE MONITORING SYSTEM
Lance Grenzeback
For details on this presentation see:

Lance R. Gfenzeback, Joseph R. Stowers, Ashok B. Boghzini; Feasibility of a National Heavy Vehicle
Monitoring System. NCHRP Report Series, Forthcoming, Jan. or Feb. 1989.
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PAVEMENT MANAGEMENT WORKSHOP, DATA ANALYSIS AND USE
Presiding: Dave McElhaney

In the next few minutes, I'm going to summarize the secclnd part of the Pavement Management
Workshop, which dealt with Data Analysis and Use. For those of you who were not in attendance at the
workshop, the seven presentations that were delivered will be reprinted in the Final Report to this
conference which will be distributed to attendees. I certainly encourage all of you to read these excellent
papers, but for now, I'm going to briefly outline the workshop for you by reemphasizing some of the
highlights of each presentation.

Bonnie Brothers, from the Tennessee Department of Transportation, began the workshop by offering
an overview of Tennessee’s experience in implementing the Traffic Monitoring Guide. She showed how they
have progressed from the labor-intensive, static loadometer studiesElto weigh-in-motion (WIM) equipment,
with which abundant data on truck weights can be obtained much more cost-effectively. She summarized how
WIM data has been analyzed and used as a planning tool by establishing trends in highway usage in
Tennessee. \

\

Barna Juhasz, Chief of the FHWA'’s Planning Analysis Division in Washington, D.C., showed that
historically, truck travel, as well as the number of Equivalent Single Axle Loads (ESAL’s) applied to our
pavements, have been increasing at a more rapid rate than originally anticipated. His comments emphasized
the importance of WIM information to generate more reliable future estimates of truck volumes and weights
to predict and design for future pavement performance.

Our third speaker was David Huft, from the South Dakpta Department of Transportation. He
discussed South Dakota’s use of bridge WIM equipment since E983, and their recent attempts to use
capacitance pads since 1986. They have tried to estimate static weights based on the dynamic forces produced
by WIM equipment, since static weights are the basis for the AASHTO pavement design procedures. This
work has observed a slight increase in overall truck traffic damage to pavements from 1983 to 1985. Dave
noted that South Dakota plans to expand its program to include more WIM sites in the immediate future.

Mark Hallenbeck of TRAC discussed the design implicatimk of the difference between weight data
obtained statically versus data -obtained via WIM equipment. He explained the theory behind his suggestion
that WIM actually overestimates ESAL’s and concluded by suggesting a method to bring WIM estimates
down to more closely parallel static determination of ESAL'’s. !

' - |

Curtis Dahlin from the Minnesota Department of Transportation described the experiences Minnesota
has had since 1981, when it installed its first continuously operating WIM system. He reviewed Minnesota’s
process for converting WIM data and vehicle classification information to arrive at an Annual Average Daily
Traffic (AADT). He also noted that the weight on a tandem axle should not necessarily be interpreted as
being equally divided between the front.and rear axles. His research showed that on rough pavements
especially, the weight imbalance between the front and rear axles on a tandem axle can be nearly as much
as 20%. Echoing Mark Hallenbeck’s discussion, Curtis also touched on the potential overestimation of ESAL
factors and suggested that further research be done to provide fOJ a correction factor.

Wisconsin’s Bruce Aunet pointed out that ESAL forecasting procedures are relatively primitive, due,
in part, to the limitations of current data, and then referred to Wisconsin’s present procedures, and how they
plan to improve the quality of data collected in the future. After a State has taken the step toward collecting
more accurate data, he discussed how a State needs to fully imerp'Iet that data into a meaningful and useful
format. Next, he explained the factors that should be considered when forecasting total ESAL’s, and showed
how pavement thickness design is not particularly sensitive to tot:f;ﬂ ESAL forecasts. He concluded that we
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may do better to concentrate our efforts on improving current estimates, rather than to spend time
developing a sophisticated model designed to forecast total ESAL's.

FHWA’s Perry Kent was our final speaker who demonstrated how to use the new Traffic Monitoring
Guide software to analyze Truck Weight Study data. He emphaslzed that the software was developed with
flexibility in mind, so that each State could adapt the software to its own specxﬁc needs. Distribution of thls
software is expected by the end of the year.

. In summary, I thmk we have all seen during this past week that a shift has taken place from the
earher conferences which focused on WIM equipment, to this conference, which concentrated more on data
accuracy and uses of data. Although there is some concern that we may be systematically slightly
overestimating ESAL’s with WIM, most agree that WIM data is much superior to older static weight studies
in representing the traffic using our highway systems. We were rightfully cautioned to pay closer attention
to forecastmg of ESAL data to prov1de a more accurate assessment of pavement needs in the future.

Finally, I would like to acknowledge the States of Wlsconsm, Iowa, and Minnesota, on behalf of the
FHWA on the fantastic job they did in preparmg and presenting what I think has been a most successful
weigh-in-motion conference. P'm sure that, in addition to speaking for myself and FHWA, the salute also
represents the fee]mg of the rest of the attendees towards our gracious hosts.
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TENNESSEE WEIGH-IN-MOTiON N
Bonnie H. Brothers, Civil Engmeer Manager I Tennessee DOT

Tennessee did the necessary analysm to- meeL the requlrcmcdts of the Trafﬁc Monitoring Guide for
HPMS data collection. We colored coded a: State map for all 84,000 miles of roadway by each functional
system, county by county. We calculated the percent of DVMT for leach functional system (Table 1). ‘From
the TMG we determined that about 300 stations were required for Tennessce but we knew we needed more
because of our TRIMS file. TRIMS stands for Tennessee Roadway Information Management System. We
have all 26,000 miles of functional class routes on TRIMS. The TRIMS personnel calculate ADT, DHYV,
peak hour and three types of vehicle class by sections for the 26, From TRIMS we obtain the vehicle
class changes across the State. We have Knoxville, Chattanooga,ogzlshvﬂle and Mcmphls plus five other
urbanized areas with the remaining areas being small urban and rural

The Traffic Secnon does forecastmg for the Department S Planmng, Des:gn, Structures, and Program
Divisions for all 95 counties in the State. We make 12,000 annual machine counts and 600 manual turning
movement counts annually. On the colored coded map we spotted. 300 classification stations required by the
TMG by first identifying the 33 continuous ATR locations (Figure 1), (Figure 2). We are doing 600
classifications on three-year cycle which mcludes the 90 WIM stations (figure 3). Of the 90 WIM stations,
30 are on rural and urban Interstates. (We have 1,062 miles of Interstate highways in Tennessee), 28 are
on other rural locations and 32 on other urban locations (Table 2). Each year we weigh at about 30 stations.

As Richard Morgan said the other day, "One can understaxild how important the WIM is, because
FHWA has so many representatives here and they usually ddn’t put this much emphasis on most
conferences”. We have found this to be true, as Tenncssee gets more and more requests concerning truck
traffic.

In 1937 through 1976 Tennessee conducted weighing operations each year, then beginning in 1976
Tennessee started weighing every two years. In 1985 Tennessee purchased a Streeter-Richardson WIM
system. We have a four-man crew operating the WIM equipment on a four-day shift, collecting data for 24
hours. In 1986 Tennessee compared 14 stations using WIM equipment to the 1984 at ten portable and four
pit locations. In 1984, 2,000 trucks were weighed and in 1986, 52,000 trucks were weighed using WIM. Table
3 compares the 1984 portable loadometer static weight scales to thc 1986 WIM for total vehicles, trucks,
and ADL. ‘

Data for truck axle equivalency factors are taken from the "W-4" Tables and tabulated by vehicle type
and functional systems. Charts and Graphs are completed for rurai Interstates, rural FAP and urban routes
for each vehicle type for Flexible and Rigid pavements. Rural Interstate, five axle or more TTST are shown
on Table 4 and Figure 4. The averages are calculated and also a projected 10-year Trend is calculated.
These values are used for calculating ADL for pavement design, (Table 5).

Last year the Design Section requested an analysis and evéluation on the percent of trucks in the
design lane. Comparisons were made of the ASSHTO Interim Guide Procedures, the NCHR 277 and the
Highway CApacity Manual. Graphs were produced and the truck percents on Figure 5 and TAble 6 were
recommended for TDOT usage in computing ADL’s for pavement design.

Each season for WIM equipment is calibrated using Interstate truck weight enforcement platform
scales and section of Interstate with loops installed down stream from the enforcement station. Samples
consisting of Dual Rear, 3S1, 3S2, and twin trailers are sued to calibrate the WIM equipment. Throughout
the season the fieldmen can usually determine when the scales need to be recalibrated by noting such things
as the weight of empty car carriers, if their weight varies they calibrate.
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Each time a WIM, a machine or a manual classification is completed, an axle adjustment factor is
calculated (Table 7). If a road tube had counted this particular location the machine count would indicate
42,310 vehicles instead of 13,345 vehicles, thus an axle adjustment of 0.63 should be calculated. Each factor
obtained is placed on a large map. Tennessee has an axle adjustment factor for each of our 12,000 annual
24-hour machine counts. The TRIMS file is adjusted for axle for all the functional classified routes in
Tennessee.

TABLE 1
CLASSTFICATION STATIONS
(1000)
Miles DVMT * % Number Stations
Interstate, Rural 783 13,869 15.63 47
Principal, Art., Rural 1,061 5,306 5.98 18
Minor Art., Rural 4,153 12,633 14.23 43

Major Collector, Rural 5,345 4,843 5.46 16
Minor Collector, Rural 11,089 7,274 8.19 24%*%

Local 49,694 4,823 _ = =

Sub-Total 72,125 48,248 49.49 148
Interstate, Urban 248 10,694 12.05 36
Principal, Art., Urban 1,370 23,708 26.71 80
Minor Art., Urban 959 6,379 7.18 22
Collector, Urban 1,239 4,054  4.57 14
Local 8,168 - - -

Sub-Total Urban 11,984 44,835 50.51 152

Total Rural & Urban84,109 88,760%* 300

Non
Required Tk. Wt. Tk. Wt. Spotted

Interstate, Rural 47 25 17 ; 42
Prin. Art., Rural 18 39 8 47
Minor Art., Rural 43 178 12 190
Major Collector, Rural = 16 24 11 35
Interstate, Urban 36 25 17 42
Principal Art., Urban 80 106 20 126
Minor Art., Urban 22 73 6 79
Collector, Urban _14 _12 _4 Y
Total Rural & Urban 276 485 91 576

* TRIMS (Local not included)
** too low class.
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TABLE 2

WEIGH-IN-MOTION STATIONS

(1000) #

DVMT % Tk. Wt. Sta.
Interstate, Rural 13,869 56% 17
Interstate, Urban 10,694 44% 13

24,563 30
Other Rurall 30,056 47% 28
Other Urban! 34,141 53% 32

64,197 60

INot including Local

Principal Arterial, Rural 5306 18% (28) = S
Minor Arterial, Rural 12,633 42% (28) 12
Collector, Rural 12,117 40% (28) 1
30,056 28
Principal Arterial, Urban 23,708 69% (32) = 22
Minor Arterial, Urban 6379 19% (32) 6
Collector, Urban 4054 12% (32) 4
34,141 32

Interstate, Urban
- Memphis 2,627,920 27% 4
Nashville 4,008,543 41% 5
Chattanooga 1,135,026 12% 2
Knoxville 1931650 20% 2
9,703,139 13
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Table 3
TENNESSEE _
TRUCK WEIGHT STATIONS
1986 WIM VS 1984 PORTABLE LOADOMETER SCALES
~ TOTAL VEHICLES , ’zgggggl ADL FLEX RIGID
STATION 1948 1986 1984 1986 1984 1986
2 6,815 6,351 1,449 1,312 1,238 1,105
3 4,957 4,999 737 668 791! 448
4 4,528 4,154 629 486 591 428
5 14,475 7,386% 780 508 423 376
é 9,088 8,005 770 575 343 191
9 20,072 24,944 6,191 5,736 6,723 6,349
10 3,765 2,769 366 351 239 236
11 39,134 46,230 10,046 8,797 9,074 9,813
13 14,540 9,126 3,179 3,174 2,182 3,338
14 14,107 12,596 5,792 5,219 4,940 3,830 8,187
15 15,377 13,190* 4,638 4,410 4;449 5,127
16 8,380 7,704 504 458 134 353
17 20,049 14,493 ‘5;410 5,835 | 5,696 6,887

1984 Stations weighed 6 AM - 2 PM, using sample of traffic stream.

*

1986 Stations weighed 24 Hours all vehicles.

These are not factored for day of week or month of year. 1986 and 1985 ADT in
Classification Report match cycle counts or TRIMS.

1982 ADL = 370, 1980 ADL = 549

Station moved out to two-lane section in 1986, traffic decreases, but tractor trailer trucks remain
constant.

This count for truck weight station ramps only, so expanded.

Doubled one side.
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TABLE NO.
TENNESSEE TRUCK WEIGHT STUDY
18 KIP AXLE EQUIVALENCY FACTORS (RATE PER 1,000 TRUCKS WEIGHED)
PAVEMENT TYPE FLFNTRLE

HIGHWAY SYSTEM _ INTERSTATE RURAL

i YEAR
Vehicle Type 167 | 1968 | 1965 | 1970 | 197 | 1972 | 1993 | 1974 | 1975 | 1976 | 1978 | 1980 | 1982 | 1984 | 1986 | Average Trend
Panel and Pickup , 2 3 | 2 4 3 2 4 5 6 s 9 9 3 1 0 4277 1o
Single Rear Tire 2 7. 5 3 9 7 8 8 6 5 7 14> 10 4 S 24,10 |
Dual Rear Tire : 277 | 242 | 214 | 202 | 203 207 | 112 | 139 | 147 | 1a6 | i8S | 7155 156 | 272 138] 177 T7027]
3-AxLe or More ) 270+ | 227% | ®02 | 799 | 803 920_| 632 1 620 | 596 | 521 506 | 407% | 688 | 672 | 443" 715 </] 55U
- Sub-Totsl Single Unit Trucks 92 | 101 113 | 107_{ 107 98 62 ] 67 | 60 56 | 69 52 57 73 | 98 a1 100
£ 3-Axle Tractor Trailer 356 | 777 | 70L | 558 | 543 556 | 493 550 | 517 530 T o5 T 570 1 B4 T e~ 357 %02 1 79574
4-Axle Tractor Trailer 367 634 | 713 .1 611 -] 677 S70 ST3 660 630 590 617 53 496 "] 534 334  ©.0 550
5-Axle or More Tractor Trailer 632+ | 6B8% | 827 | 888 | OLL | 83z 302 902 | 825 77| 1065 68 9 Tozo | Toas] 91a [TI00Z
[Sub-Totsl Tractor Trailer Trucks | 605~ | 680* | 794 [ 8l6 | 852 773 |_ B33 857 | 791 54 357+ | 826 &7 962 1 9631 ea5 |1000
[otal A1l Trucks 1 s39= | 396+ | 486 | 500 | 520 434 | 436 458 | 401 | s82” | a7 | 466 8L | se1 | e97| 283 | eo0

* Not used in averages or -trends

1,Used, 1973 to present - = o oo
2/ Factor selected for ADL
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. Table 5
: TENNESSEE DEFARIMENT OF; TRANSPORTATLION
e MAPPING AND STATISTICS OrFICE
| TRAFFIC AND SATETY PLANNING SCCTLON
i PROJECT NO. P.E. 19002-1147-44 2?%5 b:lf h l-ﬁ:
COUNTY _ Davidson ! e
PROJECT DLSCRLPTION __West of Harding Place to tast of Bell Road ‘
%g "\ ’ » 7 ' lIntersatate
i ) Pavement Structural Design
L Calcﬁlation of Eguivalent Daily 1B.Kip Single Axle Loads
_ 1999 (Midpt)
3:“ Type Velilcle | (No. Counted) 18-kip Factok ADL 18-kip Faclor ADL
E Pass. cars, and ‘ : S
L motoreycles . -73814 - 0.00} 73.8 v.001 73.8
buses 0.300 0.300 |
o ‘ 106 | 31.8 g 31.8
i Panel, and ‘ ' ‘
o Pick-up l'zfucks 12519 0.004 50.1 0,005 62.6
5 - - - -
E 2~axle, 4-tire [ -337 0,006 2.0 0.010 3.4
. En 2-axle, O=-tire: 2302 0,170 391.3 9.170 391.3 -
“ | 3-axle or more 481 . 0.700 1 33.7 1,000 - 481.0
1 “'E 3-axle 318 0.700 222.6 0.880 279.8
Q .
% Efi 4-axle 645 0.700 | 451.5 0.780 503.1
s = g | S-axlq ormore. 5778 1.100 6355.8 1.780 10284 .8
Totals 96300 7915.6 12111.6
Eﬁ suggested Percentages‘of Trucks in Design Lane
1 4 Lane 6 Lane 8 Lane
N 5,000 or less ADT 90% 75% .70%
! 5,000 - 10,000 AD?T 80% 70% 65%
10,000 - 15,000 ADT 75% 65% 60%
15,000 - 20,000 ADT 75% 65% 55%
10,000 = 30,000 ADT - 70% 60%. 50%
3 z 30,000 - 70,000 ADT 65% 60% 50%
No. of Lanes : 6
% Trucks in Design Laue 60%

ADL in Design Lane FLEX 0.5 X .60 X 7915.6 = 2374.7
RIGID U.5 X .60 X 12116 = 3633.5

ADL Calculations By ‘jv4£n~ﬁr/?_~éthZ{ Date' 7-/8-8¢%

%“’ Reviewed By: VR orucds MH.1R aPora) Date 2-'8-8¢
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: Table 6
ATTACHMENT L

TRUCK PERCENTAGES IN LANE ONE

FREEWAYS
4-LANE : 6-LANE 8-LANE
ONE~-WAY INTERIM NCHR CAP. INTERIM NCHR CAP INTERIM NCHR CAP.
DT (1000) GUIDE 277 MAN GUIDE 277 MAN _ GUIDE 277 MAN.
5 90 88 S0 90 74 70 90 74 GO
10 85 8l 80 85 68 60 85 68 50
15 80 77 70 80 65 - 50 80 65 45
20 75 75 65 75 63 50 75 63 40
30 70 72 80 70 59 50 70 59 30
40 60 69 - 60 57 50 60 57 30
50 60 67 - 60 55 60 . 60 55 40
60 60 66 - 60 53 80 60 53 50
70 60 66 - 60 52 100 : 60 52 €65

INTERIM GUIDE

-~ 1Interim Guide Procedures, AASHTO, Appendix D, page

D-2.
NCHR 277 - NCHR 277, "Portland Cement Concrete Pavement Evaluation
Systems," TRB, NRC, Sept. 1985, Figure 6, page 52.
CAP. MAN. - “"Highway Capacity Manual," Special Report 209, TRB, NRC,
Dec. 1986, Figure 5-6, page 5-12.
TRUCK PERCENTAGES IN LANE ONE
FREEWAYS
RECOMMENDED |[FOR TDOT
ONE=-WAY - : j i
ADT (1000) 4-LANE 6~LANE B-LANE
5 90 75 70
10 80 70 | - 65
15 75 65 60
20 75 65 55
30 70 60 50
40 65 60 50
50 65 60 50
60 65 60 50
70 65 60 50
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STATION:
¥ DATE:

CLASSITICATION

v~\:; -
f/

Table 7

COUNTY: _QML_
e, 78/

CLASS

__DIRLC

TI0N

TOTAL

1. Motorcycles

9

/o

NS
\

251

7
Jd2J

Py
s\
P
1

2. Cars

3. Pick~upLAPane1,iVan‘ B

419

ZE2|

431

417/ |

"Sub-total Pnssenger Veh.

3579

3439

J22.50 OJG

4. Duses /,2,/ 7 /(7 (1T 38
5. Dual Rear o?d(g , ,,7[,’2/ 4/ 6 3,07 16
_ 6. 3-Mxle Tk. 28 40 - WA 5| st
7. 4-ixle Tk. é | 3 ' C] Ry, e
Sub-total §.U. 'I‘ks ‘ L2l L7 (/4/ 3 45
8. 25-1, 35-1, 2s-z | 239 2 | A@‘[ J4d 12U
9. 35-2, 23-3‘ a?ﬁéfJ %4—/ _A_Qﬁfj/ 320] 07/4/0
10 35-3, 35-4 | Ry vt ﬂ \574—”' Y g
Sub-total Gomb. Tks. ﬂ‘?ﬂ/ \L50S | 47977 1357
11, 25-1-2 ‘ N4 | 232/ 74"//40
12, 25-2-2, 35-1-2 ]ﬁ /‘_,Z_/ 30 2 /0
. My 7-Axle 3 S 2335

‘14 ;1¢mm4om1qwm1rm1ms“

%

/79

1utﬁ1 Combinatiuns

Total. Trucks

14. Other .

339

E7z

:2696,

4]

Total Vehicles

AL

‘ /’,73(0

1985 a.n.t. “ |4 1S b

4,,@/0 3 / s

1'3345’/7,”55, 63
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- 18 KIP AXLE EQUIVALENCY FACTORS Figure 4
SYSTEM _INIERSTATE, RURAL
PAVEMENT TYPE _FLEXIDLE

VEHICLE TYPE 5_AXLE OR MORE TTST

110¢

1000

1000 TKS)

800k

EQUIVALENCY FACTOR ( PER

600[;

500[

1960 19656 1970 1975 1980 1985 1990
YEAR
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IMPORTANCE OF TRUCKS IN PAVEMENT MANAGEMENT

Barna Juhasz, James Gruver, Roger Petzold, Richard Backlund
Planning Analysis Division, Office of Planning, Federal Highway Administration

INTRODUCTION
The purpose of this paper is to discuss:
1. Why trucks movements on the highway system are important to pavement management.
2 How to determine where trucks are moving on the highway system now and in the future.
3. How to determine the effect of truc/lhcs‘on pavement performance now, in the future, and

in the past.

With the completion of the Interstate System, attention has shifted from building a highway network
to improving, operating, and maintaining the highway system. Thus, we have moved from construction to

- management of our highways in a cost-effective manner. Pavement management is an integral part of this
- overall highway management effort. Pavement management systems are being established to "assist decision

makers in finding optimum strategies for providing, evaluating, and maintaining pavements in a serviceable
condition." This systematic approach is needed to improve management of this natlons large existing
investment in pavements and to help make better use of limited funds.

How large an mvestment do we have in pavements today? We have approxxmate]y 4 million miles
of pubhc highways with an annual total highway budget for all levels of governments of 63 billion dollars.
Approximately 50 percent of these funds are spent on pavements. The conclusion is that management of

- pavements is a big job and that good management will result 'in big savings.

Many factors affect pavement performance; these mclude age, environment, load, drainage, design
and: construction quallty In this paper only truck related factors are addressed The ma]or truck related
factor of concern is the load the truck imposes on the highway. :

A single vehicle travels down the road on a pavement structure. That structure deflects slightly with
each pass of an axle load. This deflection fatigues the pavement structure, reducing its strength, thereby
causing distress and roughness. leen enough repetitions of load, the pavement structure will fail.

The problem facing pavement management is to determine, under specific conditions, how many
loads a pavement structure can carry. To answer this question, the AASHO Road Test was carried out
between 1958 and 1960 in Ottawa, Illinois.

AASHO ROAD TEST

The AASHO Road Test was responsible for the concept of 18,000 pound equivalent single axle
loads (ESALs). This concept provides, for any given pavement design, pavement damage caused by single
or tandem axles to be expressed in terms of ESALs. The Road Test equation demonstrated for the first time,
for conditions at the road test, that pavement performance is associated with specific axle loads and number
of repetitions. The ESAL concept relates the pavement design needed for a specific level of pavement
performance to a specific load level.
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As defined at the AASHO Road Test, the ESAL is a function of:

¢)) load on the axle or axle group,

@ number of axles,

3 the pavement structure (SN or D) |

4 the serviceability level at which the pavement needs repair.

The ESAL concept makes it possible to represent any mix of cars and trucks on the highway in
terms of a group of single axles, all weighing 18,000 pounds. Since the Road Test, the typical axle loadings
have increased and new pavement types have been introduced. At the Road Test, single axle loads ranged
from 2,000 Ibs to 30,000 Ibs, and tandem axles loads ranged from 24,000 1bs to 48,000 Ibs. No tridem axles
were tested. The pavement design types used were limited and tested under one environmental condition
and one subgrade condition. Using additional data accumulated since the road test, the ESAL factors
contained in Appendix D, "AASHTO Design of Pavement Structures”, have been adjusted to cover the wider
load range of triple axles. In general, there is little change in E AL factors for a reasonable range of
terminal serviceability and' pavement thlcknesses, although differences do become sngmﬁcant at greater
loadings.

CURRENT TRENDS IN TRUEKS‘

Figure 1 shows the relative increase in growth for gross national product (GNP), vehicle miles of
travel (VMT), heavy combination truck VMT and ESALs on the rural Interstate System from 1970 to 1985.
The chart reveals that VMT and GNP have been growing at about 3.5 percent per year. Combination VMT
has been growing at about 5.6 percent per year during this period, while the ESALs on the rural Interstate
have been growing at about 9.1% per year. The movement of freight by trucks is increasing at about twice
the rate of growth as the VMT or GNP. In addition, the high growth rate in ESALs indicates that there
are more trucks on our highways and shows that a larger pomon of these trucks are heavy combination
trucks. Figure 1 also shows that the number of heavy trucks has increased steadily over time.

Overall the number of heavy combination trucks is growing faster than overall traffic, and the size and
weight of these trucks are increasing over time. The result has been more damage to our pavements than
anticipated. The key question is what does the future hold?

FUTURE TRENDS IN TRUCKS

Recent forecasts by Data Resources, Inc., regarding the trucking industry indicate four major trends:
(€8] Truck tonnage will grow faster than industry production in most commodity markets.
2 The share of tonnage hauled by for-hire fleets will increase.
(3) Smaller shipments as corporations try to control inventories.
C))] Continued over capacity and intensified competition within the trucking industry
What this means is that the amount of freight hauled by trucks will continue to increase, more of
this freight will be hauled by for-hire fleets, and competition within the trucking industry will intensify. In
the future, we can expect more trucks on our highway system. Most of these additional trucks will be heavy

combination trucks (i.e., 352, 252-2) loaded to legal limits. The end result is a continued growth in ESALs
at a rate higher than GNP or VMT.
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At the Federal level, a variety of changes are possible with regard to size and weight restrictions
in the future. Changes being explored are

Length and Traller Conflgurauon

'« Increase twin trailer lengths up to 30 to 34 feet

. Larger route networks for "Longer Combination Vehicles"
Weight

+  Remove 80,000-pound cap and allow brrdge formula to govern

«  Revise bridge formula

. Reduce axle weights

. Tandem-axle controls

. Tire pressure controls

The potential for change in the future in the types of trucks on our highways, especially on the
Interstate, is high. We must carefully monitor changes to be able to accurately predict future loadings on
our pavements.

Based on an FHWA study for the year 2020 it is estimated that truck VMT (2 axle, six tire and
greater trucks) will grow at approximately the same rate as the gross national product (GNP). The
compound growth rate will be 3.4% per year through 2005, and 2.7% per year from 2005 to 2020. This
means that trucks will continue to grow faster than cars at a 50% greater rate. Figure 1 has shown that
in the past heavy trucks have grown at an even faster rate. Assummg the same relationship between the rate
of growth of heavy combination trucks and ESALs as shown in figure 1, the ESAL growth rate on rural
Interstate should be approximately 5.7 percent per year through 2005 and 4.4 percent per year from 2005
to 2020. To better understand the growth in heavy combination vehicles and ESALSs, we need to move from

trend type forecasting procedures to forecasting procedures that reflect changes in truck fleets, gross national
- product, local economic and other indicators. In the year 2020 our highway structure will probably look

much like it does today, but with many improvements in technology, both within the vehicle and along the
highway. The future will result in many unexpected changes ‘We must continue to monitor -these changes
and improve our ability to forecast the future.

IMPACT OF SPECIFIC TRUCK TYPES

The pavement manager needs to know the type of trucks moving over the highway system. The
same cargo carried by different types of trucks will have very different effects on pavement performance.
Table 1 shows 1000 tons of load carried by five different types of heavy commercial trucks and the resulting
ESALs. The standard 3S2 results in 134 ESALs for flexible pavement. The western double (2S1-2) results

in 175 ESALs, or a 30 percent increasé in ESALs over the conventional 3S2. On the other hand, the

addition of four extra axles and an increase in load of 20, 000 1bs (the Turner truck proposal (352-4)) results
in a 70 percent decrease in ESALSs per 1000 tons of load. The Turner truck greatly decreases pavement

- damage, with a slight increase in operating cost and bridge deterioration. The pavement manager needs to

know the types of heavy vehicles moving over his pavement to be able to predict future performance.

PERFORMANCE PREDICTION

The maintenance, rehabilitation, reconstruction and construction of pavements is expensive both
in terms of construction and user costs. The key to evaluation of alternative management strategies is the
ability to accurately predict pavement performance. The AASHO Road Test developed relationships that
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showed that the loss in serviceability! is directly related to truck loadings for both rigid and flexible
pavements (See Figure 2). To manage pavements one must know current pavement conditions and must be
able to accurately predict the future performance of these pavements.

To accurately predict the performance of new or rehabilitated pavements, we must be able to
accurately predict future heavy truck traffic. Without good truck information, we cannot conduct life-cycle-
cost analyses that are meaningful, predict future needs, or evaluate alternative design loadings (ESALSs).

TRAFFIC DATA NEEDED IN PMS
\

In the discussion of traffic data needed for a PMS, we mHLt keep in mind that the final product
is the total number of ESALs during the design period for a specific location. To obtain this number, the

traffic counting program provides the following data for each section:

. Current year AADT
. Vehicle classification

. ESAL factors by vehicle class
. Directional distribution factor
. Lane distribution factor

A traffic counting program based on the FHWA, "Traffic Monitoring Guide" or similar statistically
based traffic program will provide the capability to estimate current AADTs for the State system.

Good vehicle classification data is the key to estimation ok current. ESALs. Vehicle classification
data is highly variable by location. With the heavier vehicles (5 axles and more) responsible for most of the
ESALs on our pavements (80 percent of the ESALs for all systems and 92 percent of the ESALs for rural
Interstate highways), we should concentrate our efforts on accuratel# predicting heavy truck movements for
percentages of 3S2s. :

counted during a three year period to obtain representative vehicle classification data, with an approximate
precision of 10 percent and a 95 percent confidence level. For estimation of ESALs, a minimum of three
vehicle groupings is needed. The three groupings are:

The FHWA "Traffic Monitoring Guide" (TMG) recommenEs approximately 300 sites per State be

Light Vehicles - Motorcycles
Cars
Pickups
Other 2 axle, 4 tire vehicles.

Medium Vehicles - 2 axle, 6 tire, single unit
3 or more axle, single unit
3 or 4 axle, single trailer.

Heavy Vehicles - 5 or more axle, single tra{ler
5 or more axle combination.

|

Present Serviceability Index (PSI1) - A formula used to estimate the mean of serviceability ratings made
by a panel of judges.

Present Serviceability Rating (PSR) - The judgementjof an observer as to the current ability

of a pavement to serve the traffic it is meant to serve. :
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The average ESAL factors for these groups are:

Light Vehicles 0.001 ESALSs per vehicle
‘Medium Vehicles - 0.35  ESALs per vehicle
Heavy Vehicles - = = 1.00 "ESALs per vehicle

From these ESAL factors it i is evxdem that hght vehlcles, even in hlgh volumes contnbutc little
to the total ESALs for any given roadway segment. .

Truck weight data is the source of information to calculate ESALs for specific pavement types and
vehicles. To obtain accurate weight data, enough random locations are needed to provide the accuracy level
desired. The TMG recommends approximately 90 sites per State counted during a three year. period to
obtain ESAL estimates representative of the highway network for three axle tractor and. two axle semi-
trailer (352) trucks, with an approximate precision of 10 percent (20 percent for non-Interstate) and a 95
percent confidence level. The best way 1o obtain accurate weight data is with weigh -in-motion (WIM) data
collection equlpment , ,

The reason WIM data rather than static data, is crmcal for the calculation of ESALSs is that studies
in Arizona and Maryland have shown that using static weighing for enforcement underestimated the number
of overweight trucks by 34 percent during nonenforcement periods. Therefore, static scales (assuming trucks
do not distinguish between enforcement and non-enforcement weighing) underestimate the number of heavy
trucks which have the greatest effect on ESAL factors. Looking at a flexible pavement with a Structural
Number (SN)=5, Terminal serviceability (pt)=2.5 and a 3S2 truck with a gross weight of 80,000 pounds,
we see that the 352 causes 2.37 ESALs of damage to the pavement.

Steering Tandem .. Tandem
Axle Axle Axle Total
120001bs- - - 3400010bs - 34,000 Ibs . 80,000 Ibs .

-0.19 ESALs .. - 1.09 ESALs ‘- -+ .- 1.09 ESALs = 2.37 ESALs

Now consider the same truck loaded to 100,000 poﬁnds; this vehicle céuses 6.‘19 ESALs of paveinent damage.

Steering Tandem Tandem

Axle Axle Axle Total

12,000 Ibs .- 44,000 1bs co.. 44,000 lbs 100,000 Ibs
0.19 ESALs '3.00 ESALs 3.00 ESALs 6.19 ESALs

As this example shows, a 25% increase in gross load results in a minimum ‘increase in pavement
damage of 161%. This is due to the 4th power relationship between axle weight and serviceability loss. This
relationship indicates that a two unit increase in weight per axle causes a 16 unit increase in pavement
damage. By using WIM equipment, we are now measuring the weight of the heavy trucks often missed by
static scales. Stated differently, by not usmg WIM equlpment we could be underesumatmg pavement life
by 25 percent v : ‘

. CURRENT HEAVY TRUCK VOLUMES

Witﬁ heavy vehicle (fﬁree axle tractors with two axle semi-trailers, plus larger trucks) accounting
for 80 percent of all ESALs on all highways and 92 percent of all ESALs on rural Interstate highways,

. pavement managers must know where these vehicles are moving on the highway system. One way to do this

is to develop a heavy truck flow/load map for heavy vehicles (Figure 3). Heavy truck flow/load maps (i.e.,
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Figure 3), if not already available from the Planning/Traffic Section in your State, can be developed from
a statistically based traffic counting program which mcludes traffic, vehicle clasmficauon, and weight data.

To develop a truck flow map, one begms by getting either a traffic flow map or an estimate of

traffic volumes on each roadway segment from the Planning/Traffic

data available from the Planning/Traffic Section. Heavy truck volu

Section. The next step is to estimate the

es are then plotted to better define the

distribution of light, medium and heavy vehicle types on each road\:‘/fy section using the vehicle classification

truck movements on the highway system. A few States have begu
either 3S2s or other heavy vehicle combinations.

To build a load map, it is first necessary to establish a load distribution table for each roadway type

to publish heavy vehicle flow maps for

and for each vehicle classification category. These load distributions are converted to ESAL factors for each
vehicle classification and roadway type. These load distributions, wherever possible, should be developed from

WIM data that were collected in accordanx with the TMG.

The ESAL map is developed by taking the volume of each vehicle type for each roadway section,

multiplying the volume by the respective vehicle type ESAL factor

and summing the ESALs. The result is

the annual cumulative ESALSs for each roadway section. These results displayed on a map form the basis
for estimating pavement deterioration rates, growth in ESALS, and forecasting future pavement performance.

Heavy truck flow/ESAL maps are a very useful way to summarize truck data being collected by the

Planning/Traffic Section. These maps, produced on a periodic b

is (i.e., every few years), would be very

useful to many parts of a highway department in areas such as pavement management, bridge managcment
accident analysis, traffic operations, environmental and other topics.

FORECASTING

Pavement managers need an estimate of cumulative ES
current year ESALS in an accurate manner; the greater challenge i

for a specific location. We can estimate
to accurately predict ESALs over a 10,

20 or 30 year period. Most States today estimate future traffic using trend analysis for rural areas and

urban transportation planning projections for urban areas.

Forecasting Methods

There are four basic types of forecasting procedures that

- Trend Analysis

- Average Growth Rate

- Compound Growth Rate -
- Regression Analysis

Each one of these methods uses past data to analyze trends and
discussed earlier, it is best to divide the traffic into three groups: li
vehicles. Forecasting proceduies should be developed for each of th

can be used:

project those trends into the future. As

e three groups. By using separate groups,

future growth in heavy trucks will be more accurately predicted. As historic trend data has shown, heavy

trucks are growing faster than trafﬁc in ganeral The next section
procedures.

briefly reviews the five basic forecasting

Trendline Anal_vgis - Trendline analysis is the most often used forecasting method. This method is
based on a review of historical trends and then projecting those trends into the future at an annual growth
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rate. This forecasting technique is most often used on rural highways, where limited additional information

 is available and little change in conditions is expected in the future.

Trendline analysis is accomplished by obtaining as many years of historical data as possible. The
data is plotted and notations made of any major developments or road improvements that may have affected
truck volumes (Figure 4). Also, any inconsistency in count data-are noted and checked carefully. After all
information has been reviewed, a trendline is established. The trendline should be adjusted if, in future years,
higher that expected mdustnal or population growth is anticipated. Finally, a sensitivity analysis should be
conducted on the trendline. For example, in forecasting trucks, by making reasonable assumptions concerning
the minimum and- maximum : growth rates in:truck traffic, the best. estimates of the range of future truck
volumes can be obtained. Such a sensitivity analysis will define the potentral impact of errors in the
forecasts. Note that trendline analysis should only be used to make prOJecttons for up to the number of years
for which historical data are avatlable : : : »

Average Growth Ratg The average growth rate is a very common- method for forecasting future
growth in truck traffic and is very similar to trend analysis. Here a single rate of growth is established for
the forecast penod and pro;ected into the future. : :

Forecast value = ((AGR) (Nl) (Xl)) + Xl
"AGR = Average growth rate .- -

- N1 = Number of years in forecast perrod :
X1 = Initial value

Compound Growth Rate - Often truck growth during a forecast period will not occur in a linear
form. Growth may occur very quickly or start off slowly and-then accelerate. When the assumption of linear

‘growth does not apply, non-linear methods of: forecasting must be considered. The most often used non-

linear growth methodology is the compound growth rate approach. As before, a constant rate of growth

~ during the forecast period is assumed, but that rate as a percentage appltes every year and results in greater

,absolute growth in later years.

Forecast Value = X1 (1 + ACG)N!

X1 = Initial value
ACG Average compounded growth rate
= Forecast period

Care should be taken in using this forecasting method as the compoundmg effect will create
progressxvely larger mcreases in growth for longcr forecastmg perrods R

Regre551o Lmear and non~lmear regression have bcen wrdely used t0 establtsh trends between
variables. With the widespread use of computers to make the calculations, regression equations (either linear
or non-linear) can be developed very easily. Either equation will predict "y" based on a series of independent
variables Xn. Care must be exercised to use those independent variables that have a causal relationship to
the dependent variable. The equation that produces the "best fit" of the data being represented is determined
by the "R" squared and "student T" statistical srgntﬁcance test Examples of regression equations follow:

Y =a+ bx
Y =a + bx + tax2. ' .
or

Y=a+bx+cx2 +d3
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Potential for Error

The characteristics of traffic will change over time. The ‘v‘ehicle type composition of the traffic

stream will change, as will the total traffic loadings on the pavement. This changing traffic will influence,
possibly to a significant degree, the life of extstmg pavements, as well as the desxgn of new and rehabilitated

pavements.

Average truck equivalency factors (ESALs per vehicle) vary widely by route, time of year, and, in
the case of tractor-semi-trailers, by trailer type. There also appears to be a significant amount of unexplained
year-to-year variability. Characteristics of truck traffic can accelerate pavement damage. These characteristics
include the lane distribution of truck traffic; variation in the average weight of each truck type by lane,
reflecting the assumption that trucks travelling in the slow lanes are more heavily loaded than those in the
fast lanes; ESALs occurring during the freeze-thaw cycle months; truck traffic expected to experience
congested speeds during the hot summer months. It is important to determine with some accuracy the mix
of the highway traffic by vehicle class and the appropriate BSAL ctors.

Judgement about how the project area or corridor is expected to grow is also necessary. Stmplc
extrapolation of past trends most likely will not adequately reflect land use or economic growth expected
in the area. Consideration needs to be given to the origin and de;tmation of the trucks. Are the through
trips effected by considerations outside the immediate area or State?

Check Reasonableness of Forecast

After the initial forecast is made, assumptions made and other factors that effect truck growth must
be carefully checked Factors affectmg future truck growth ymclude ~

Urban Areas
. Land uses/economic activity
. Other anticipated highway projects
. Available capacity
. State’s economic growth rate
. Commodity growth rates
Rural Areas
By county or State:
. Vehicle regtstratton
. Employment
‘. Population
. Households

[%2]
—
I
e
[¢1

Economic~-growth rate
Commodity growth rates

Knowledge of the area and_common sense are the final factors in determining that the forecast is reasonable.
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Future Changes in ESAL factors

ESALs vary from year to year, mostly due to changes in size and weight laws. In the calculation
of cumulative ESALs, careful consideration should be given to expected changes in trucks during the analysis
period. Emphasis should be placed on developing trends for heavier, larger vehicles since they affect
pavements more than other vehicle types. If no trend data is available, a 1% average growth rate for heavy
vehicle ESAL factors and no change for other vehicle types is a good rule-of-thumb.

Future Changes in Directional Distribution

The directional distribution factor for pavement design purposes should reflect the distribution of
daily load by direction, not the distribution of vehicles. Changes in distribution factors will occur with
changes in economic development, such as port or rail facilities. Large manufacturing plants may cause an
imbalance of loaded and empty trucks. Very little change in directional distribution would normally be
expected during the forecast period.

Future Changgs in Lane Distribution

Lane distribution, as in directional distribution, should reflect the distribution of load, not traffic.
In urban areas, more truck lane management strategies are being implemented that will change lane
distributions. Therefore, in urban areas, lanes should be designed to carry 100% of the anticipated loads.
In rural areas where little change is expected in the future, the initial value should be used.

Results of Forecasts

No matter what method of forecasting is used the desired result is the same. Cumulative ESALs
in the design lane need to be accounted for in a given analysis period. To determine total cumulative
ESALs, the following values must be forecast:

(€8] Light vehicle volumes

2 Medium vehicle volumes

3) Heavy vehicle volumes

4) ESAL load factors by vehicle type
6] Directional distribution factor

(6) Lane distribution factor

The importance of forecasting can not be overstated. Estimates of future volumes of traffic are the basis for
highway design and are used in estimates of future funding for the highway program. Errors in forecasting
have resulted in expensive mistakes, such as premature failure of facilities or reconstruction of facilities

soon after initial construction is completed. A well developed accurate traffic forecasting grocedur ¢ will
result in s:gmﬁcant future cost savmgs :

PAST TRUCK TRAFFIC

To improve forecasting procedures and better understand how pavements are performlng,
pavement manager needs to have the ability to determine what truck traffic has passed over a section of
pavement. If we can estimate past traffic, we can determine:

(1) Accuracy of past forecasts
- (2) Ways to improve forecasting accuracy
(3) Critical factors in past forecasting
4 Past pavement performance prediction accuracies in relationship to ESALs
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6)) New rehabilitation technique performance relatedito ESALs
(6) How to improve existing pavement performance predictions.

|
If we can estimate past traffic, we can gain a better underftanding of how to improve forecasts of
future traffic and determine the remaining life of our pavements.

Estimation of past traffic is a straightforward process. Thlre are nine basic steps:
€8] Gather historic data on:
Traffic volumes
Vehicle classifications

Truck weights
Legal load limits

aoge

2) Divide highway system into functional classes or other groupings

3) Establish vehicle types (A minimum of two types should be used, medium and heavy
vehicles)

)] Establish analysis period - Group the backcastmg period into years with similar ESAL
factors for the vehicle groupings

&) Develop table of historic ESAL factors by pavement type, years, and vehicle type

©) Determine best estimate of vehicle distribution by vehicle type and analysis period

) Determine best estimate of vehicle volumes by classification by analysis period

3 Calculate cumulative ESALs for each analysis period

® Result: Cumulative 2-way ESALs.

CONCLUSION

What we have shown in this paper is that a pavement manager must know what heavy trucks are
moving over the highway system in order to manage pavements. A pavement manager needs to know:

. Current heavy vehicle volumes by section
. Future heavy vehicle volumes by section
. ESAL factors by pavement and vehicle
With good methods to estimate current heavy truck volumes, forecast future vehicle truck volumes

and calculate ESAL factors, a pavement manager can accurately p cdlct future pavement performance. To
obtain this information, the pavement manager needs to work with his respective Traffic/Planning Section
to get access to information from an integrated traffic counting, vehicle classification and weighing program
that provides accurate information on the current heavy vehicle population. The Traffic/Planning Section also
has forecasting procedures that take into account past trends and the effect of future changes, both in
economic activity and changing truck fleets. The pavement man ger working with the Traffic/Planning
Section to obtain accurate estimates of current and future truck oadmgs, can have confidence that he is
doing the best possible job in predicting the future performance Tf his pavements.
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TABLE 1

SELECTED TR
COMBINATION LO
TWINS WT ESALs
SHORT (352—4) — similar to TURNER
100K  1.23
TURNPIKE {(352—4)
| 131K 3.44
ROCKY MT(3S2—-2)
112K 5.05
WESTERN(281-2)
80K 4.03
'CONVENTIONAL(3S2)
80k 3.21

UCK
ADINGS

/1000 TONS
40
80
144
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USE OF WEIGH-IN-MOTION DATA FOR PAVEMENT DESIGN
A PRELIMINARY EXAMINATION OF ESAL CALCULATION
USING WIM DATA

Mark E. Hallenbeck and Tu Cheng Kuo
Washington State Transportation Center

ABSTRACT

This paper examines the use of weigh-in-motion (WIM) data for calculating equivalent standard axle
load (ESAL) values, which are an important factor in pavement design. More specifically, it examines the
differences to be expected between data collected with WIM and static weights. It then describes how these
theoretical differences impact the calculation of ESALs. A methodology is presented to adjust the WIM data
for the expected differences between WIM and static values. The preliminary findings of a test of this

- procedure are examined, conclusions are drawn, and future research is suggested.

Theory indicates that ESAL values calculated from WIM data should exceed ESAL values from
static weights. The cause of these differences is vehicle motion, which is a function of vehicle load, vehicle
suspension and road characteristics. In theory, the greater the vehicle motion, the greater the over-prediction
of ESALs by WIM equipment, provided the WIM equipment is correctly calibrated and functioning,

However, when a limited set of actual WIM and static weight data, was examined the phenomenon
of ESAL over-prediction was often overshadowed by inaccurate WIM data produced by poorly calibrated
equipment and other problems. That is, ESAL calculations were affected by problems with the data to a
greater extent than they were affected by random "dynamic” effects.

IN TRODUCTION

As the U. S. highway system matures, less emphasis is being placed on the construction of new
highways, and more emphasis is being placed on the management and maintenance of existing facilities. One
of the major concerns of highway maintenance is the design of pavements. The early break-up of some
pavements has caused engineers to reconsider the quality of the assumptlons and data used to design
pavements. Because the expense of rehabilitating pavements (particularly in heavily traveled urban areas)
has grown over time, attention has been increasingly focused on provndmg better information for pavement
design.

Ample research has shown that, among other considerations, good pavement design requires
accurate data on

. soil conditions,;

. environmentél factofs,

. the number of trucks crossing the pavement section, and
. the weight of those trucks.

Historically, truck volumes and weights have been some of the weakest data used in the pavement
design process.

New technologies and microcomputer power have allowed recent advances in the methods and
equipment available for coliecting truck volume and weight information. In addition, the FHWA and many
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state agencies have encouraged the collection, manipulation and \ise of increased volumes of truck weight
data to provide a better basis for pavement design and evaluanom

= The most significant trend in weighing trucks has been the move towards weigh- in-motion. WIM
’ has many advantages over traditional static vehicle weighing, including

. faster weighing,

decreased truck delay,

. increased productivity of data collection and enfoicement staff,

. increased vehicle safety (through the reduction of queues of trucks waiting to be weighed),
. a greater possible volume of truck weight data, and

. a reduction in the bias inherent in the collected data (because use of inconspicuous data

collection equipment without enforcement provides a more representative sample of weights
than traditional static scales). ‘

The problem with weigh-in-motion is that WIM weighis are intrinsically different from static
weights, and these intrinsic differences affect the use of weight data for estimating loads for pavement design.
This problem arises because almost all commonly used pavement designs are based on some form of a
conversion of static weights to "damage factors." (Most of these desngn procedures-were developed at a time
when only static weights were available.)

The most common "damage factor” is the Equivalent Standard Axle Load (ESAL). The ESAL was
developed as a result of the ASSHO Road Tests performed in the 1950s. The equations developed for
converting weights to ESALs were derived from static weights, and their use with weigh-in-motion data may
have some unexpected results. In examining these unexpected results we must first look at why and how
static and dynamic axle weights differ.

WHY STATIC AND DYNAMIC WEIGHTS DIFFER

, A vehicle at rest distributes its load among its axles in a consistent manner (i.e., the weights applied
o at any one axle or wheel are essentially constant, unless the load is shifted or changed.) In motion, that same

vehicle applies a variety of different loads to the individual axles and wheels, depending on the interaction
of the vehicle, the load, and external factors such as the road condition.

A number of researchers have shown how various factors influence the weight applied by any given
axle or wheel of a vehicle at any given point in time. The paper, "Concepts of Weigh-in-Motion Systems,”
by Dr. Clyde Lee, given at the National WIM Conference in Denver, Colorado, July 11 through 15, 1983,
presents an excellent summary of most of these factors. Among the more important of these factors are the

o) following;
. pavement profile and condition,
. . vehicle suspension characteristics,
) o vehicle configuration,

o . vehicle speed,
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. tire pressure, and in some cases,
. envi'r(’)nmental conditions.

The above factors interact to produce a series of oscillations in a truck as it proceeds along the highway.
As the vehicle oscillates, the measured "welght" of the vehicle (actually the force applied) or any of its axles

~ changes, depending on where the vehicle is in its oscillation cycle (i.c., whether the vehicle is bouncmg up

or down) Because they vary, WIM weights are called "dynamxc weights.

Because WIM equlpment weighs moving vehicles, it is affected by the dynamic action of the axles.
The primary affect of vehicle dynamics on the weighing function is that if the vehicle is bouncing up when
it crosses the WIM equipment sensors, the "weight" felt by the sensors is less than the "weight” those sensors
would experience if the vehicle were stationary. Similarly, if the vehicle is descending as it crosses the WIM
Sensors, the "weight" on the sensor exceeds the stationary wexght "

, Oonsequently, the greater the monon of the vehlcle the greater is the variation in welght apphed

by the axles at any given time (although the mean weight applied by the axle is still approximately equal to

the static welght) Conversely, the more smoothly a vehicle is traveling on the highway, the lower the

oscillation of the vehicle and the closer the weight applied by any one axle is to the weight applied when

the vehicle is at rest. For more information on the importance of smooth roads to the accuracy of WIM,

please refer to previously published research such as "Calibration of Welgh-m-Monon Systems,” by the
SPARTA, Inc., published by FHWA in August 19883.

Because of the dynamic effects described above, the accuracy with which a WIM scale can predict
the static weight of an axle is both a function of the design qualities of the scale system and the motion of
the vehicle being weighed. That is, the WIM scale must be able to repeatedly measure the same forces
applied by vehicles and convert those forces into weight estnnates and the vehicle must also consistently
apply the same force to the transducers.

Because the truck p0pulanon s conﬁguranons SUSPCIISIOII systems, tire pressures and loadings vary
mgmﬂcamly, it can be safely said that no high speed WIM system will be able to consistently predict static
axle weights for all trucks under normal operating conditions in the foreseeable future. Modern equipment
designs will continue to reduced the average error for individual axle weights through the use of multiple
sensors, large transducers and sophlstmated electronics, but some error will continue to exist simply because
"dynamic” and "static" welghts are dxfferent entities.

HOW WIM DATA DIFFER FROM STATIC DATA

Given that WIM data are dlfferent than static data (although for any given axle the measurements
may be equal), it must be determined how much WIM weights differ from static weights and what those
dlfferenoes mean When placed in the context of an entire populatxon of trucks.

 First, look at what happens when one axle is measured repeatedly in both a- static and dynamic
fashion. Repeated weighing with an "accurate” static scale will most likely produce a very minor variation
in weights (less than a 1 percent standard deviation.) Repeated weighing of that same axle with any existing

high speed WIM device will likely result in a standard deviation of between 4 and 15 percent, depending
on the factors descrlbed above.

In theory, the WIM measurements will form a normal curve around the static weight value, such
as shown in Exhibit 1. Half of the time, the WIM scale weighs the axle when it is bouncing upwards, and
half the time as the axle is coming down. Exhibit 1 shows that, in theory, the dynamic effects of a vehicle
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should produce a number of axle measurements that exceed the actual static weight of the axle, and a
number of estimates that are below the actual static estimate.

To continue this theoretical reasoning, static and dynamic weighings of a population of trucks (of
a variety of weights and configurations) are compared in Exhibit 2. In this exhibit, the differences between
the WIM and static estimates are not as pronounced as in Exhibit 1 (since some of the low and high
estimates cancel each other out), but the WIM scale still prov1des slightly more high and low axle weight
estimates and correspondingly fewer middle estimates. Note that the mean axle weight of the two populations
should be the same if the scale is correctly calibrated. However, if these two distributions are converted
into ESALs, the WIM data will produce a higher ESAL value per truck than data from the static scale.

USING WIM DATA TO CALCULATE ESALS

The WIM data produce a larger ESAL value because they contain a higher number of heavy axles,
even though these axles are balanced by a like number of lighter axles. When axle weights are converted to

| 'ESALs, heavy weights play a more significant factor than light axles. This is because of the mathematic

properties of the fourth order equation used to convert axle loads to ESALs.

~ The following examples illustrate the impact of heavy axles on the ESAL calculation. The examples
assume flexible pavement with a serviceability of 2.5 and a structural number of 3. For two 18 Kip axles,
the calculated total ESAL is 2.0. If those two axles were weighed as one 16 Kip axle and one 20 Kip axle
(mean of 18 Kips), the total ESAL is calculated as 2.14. In this case, a difference of +11 percent in weight
equals.a 7 percent increase in ESAL, even though the mean welght of the measured axles is the same (i.e.,
there is no systematic error in the WIM scale.)

‘If those same two axles are estimated as 22 Kips and 14 Kips (again an 18 Kip mean), the
calculated ESAL increases to 2.51. In this case, the +22 percent error in weight results in a 25.7 percent
increase in the ESAL estimate.

These examples show that data from a properly calibrated WIM device (i.e., one that correctly
estimates the mean value of the axle population) will over-estimate the ESAL of the truck population,
provided the dynamic effects of the trucks occur randomly. The examples also show that this effect will be
greater at WIM locations whose data have a high standard deviation (i.e., the standard deviation of the
difference between static and dynamic axle weights). The high degree of variability results in a greater
number and range of over-estlmated axle weights, than will occur at sites with a smaller standard deviation.

The problem with WIM data is not that the WIM sensors are not accurate, but that the motion
of the vehicles causes some axles to be measured as being heavier than their "static® weights. Thus, unless
the data are adjusted to account for the increased variation caused by in-motion weighing, or the
weight-t0-ESAL equations are adjusted to account for the collection of weigh-in-motion data, the use of
WIM equipment will result in an over-estimation of the ESALs (or damage) inflicted by trucks on a road.

Other than through simple calculations like those above, the size of this over-estimation is not
known. What is known is that the error is a function of the number of over-estimated axles and the average
size of that over-estimation. It is not known how these errors compare to other errors relating to the
calibration and general accuracy of WIM equipment. Still, if the reliability of WIM systems continues to
improve and the number of WIM data continues to increase, the conversion of WIM to ESALs will need
more thorough examination.

CONCEPT FOR ADJUSTING WIM DATA

As noted above, a well calibrated WIM system should imeasure the mean axle weight within
desirable limits. Further, the shape of the axle weight distribution curve should be reasonably similar to that
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of the static weight curve (only slightly lower and flatter.) However, the motion of the vehicles prevents a
WIM scale from "accurately” weighing any given truck’s axle. This fact has been well understood by the
nation’s weight enforcement agencies. If the WIM system is well calibrated, the population of trucks as a
whole can be reasonably well measured.

The WIM data available for estimating ESALs are therefore an excellent ba51s for the calculation
of ESAL values. The need is to reduce the potential for over-estimation of some axles, not get rid of
weigh-in-motion.

The concept presented here for modifying truck weights for ESAL calculations involves using
statistics to reshape the curve formed by WIM data. That is, given a measure of a WIM scale’s variation,
reshape the hlstogram of the WIM data to more closely resemble the histogram of the static weights.

,'I’hls approach is possible because the standard deviation of a WIM scale is found when the scale
is calibrated and acceptance tested. The suggested methodology for adjusting WIM data is to adjust the truck
weight by "repacking” the data into a tighter curve, attempting to better estimate the curve predicted by
static weights.

The algorithm tested consists of the following steps:
-1 From the scale calibration data, calculate the differences between the WIM and static
~weights for each axle and tandem.
DIF, = WIM, - STA; (1)
where  WIM = the weigh-in-motion estimate for that vehicle (either single or tandem axle weight),

STA = the static weight for that same axle or tandem, and

= the ith vehicle in that data set.

2 Calculate the proportion of difference for each pair of weights.
PDIF; = DIF; / STA; 2)
3 Calculate the mean and standard deviation of the proportion of difference.
APDIF = z PDIF, / N, and 3)

SPDIF = SQRT( z PDIF; * PDIF;) / N - APDIF * APDIF) 4
where APDIF = the average proporfion of difference
SPDIF = the standard deviation of the proportion of difference
N = the ‘number of observations, and
SQRT = the square root function.
4 Calculate the mean value for the WIM data to be adjusted.

MNWIM = sWIM; / M )
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where MNWIM is the mean value of the data set to be adjusted

M = the number of observations in the new data%set, and ‘
j = the jth vehicle in that data set.
5 Calculate the adjusted weight for each WIM estirq':ate as follows:
WIMADYJ; = (1-SPDIF) * WIM; + SPDII;F * MNWIM;  (6)

. One pass through the adjustment process has a fairly small ﬁmpact on the overall ESAL calculation.
Therefore, the adjustment may need to be repeated several times. If the adjustment is to continue, replace
WIM; with WIMAD]J; in Equation 6. Then recalculate a new WIMADJ In the tests of the algorithm, the
ad]ustment was repeated as many times as was necessary to make qxe V\}IM data’s standard deviation equal
to that of the static calibration data.

i

TEST OF THE ALGORITHM

To test the algorithm and examine the impacts of WIM dhta on ESAL calculations, a number of
data sets were obtained from Washington State Department of Trhnsportanon tests of WIM systems and
several tests done as part of the HELP project. These data sets contained both static and dynamic (WIM),
single and tandem axle weights for a variety of trucks. The HELP data consisted of four separate weighing
sessions at a number of sites, while the WSDOT data contained data for only one weigh session at each site.

X
1

|
Washington state data were used to initially develop the alﬁon‘thm and computer programs. HELP
data were then used to examine the effects of the adjustment technique on independent data. To test the
algorithm on the HELP data, the standard deviation of the error in single and tandem axle weights for the
scale was calculated from the first of the four weighing sessions. This standard deviation was assumed equal
to the information available from the calibration of a WIM device and was then applied to the remaining
three data sets.

ESALs for individual axles and tandems were then calculated for the static, original dynamic (WIM)
and adjusted dynamic single and tandem axle weights. The ESALS were then totaled for each site and
compared. Individual axle ESALs were not compared, because the algorithm is not intended to improve the
accuracy of any specific axle weight, only the sample as a whole.

errors were encountered. Several other errors in the data were also suspected, but the time frame, resources,
and preliminary nature of the project did not allow for extensive data checking. Data containing obvious
errors were discarded, and the results of the remaining tests must bd treated as preliminary, pending further
review and analysis of the data.

When using the HELP information available for this test \las evaluated, a number of obvious data

i

Exhibits 3 and 4 show comparisons of static and WIM a:};le measurements at two of the HELP
locations. These histograms show that the axle weights are not norrﬁally distributed, but that the WIM data
tend to be reasonable replications of the static data. Furthermore, m most cases, the WIM data did exhibit
a higher number of extreme weights (low and high). In cases where the WIM weights were less variable than
static weights, it was unclear whether the lack of variability in the WIM data was a function of errors in the
data, or whether the characteristics -of that particular WIM scale a¢tua11y resulted in less variability in the
WIM axle weights than was present in the corresponding static welghts (In several cases, the static and WIM
estimates appeared to be switched, but time did not allow the substanuauon of some of these suspicions.)
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The review of the data also showed that the WIM systems did not always predict the mean value
of the axle population well and that the mean values given by the weights included in the data sets did not
match the published values from the HELP reports. This made error checking difficult without easy access
to the data source. The scope and time frame of this effort did not permit this check.

To help reduce the impact of the data errors, sites with obvious errors were removed from the
analysis. Locations with "suspect” data were analyzed. It is important to note that errors in the data may
have affected a number of the preliminary conclusions of the tests.

The results of applying the adjustment algorithm can be seen in Exhibit 5. The algorithm reduced
the number of extreme weights in the data set and increased the number of weights in the middle weight
categories. This had the effect of reducing the total ESAL calculated for the sample. For the data sets
examined, the ESAL value was reduced an average of 13.3 percent. The standard deviation of the ESAL
reduction was 6.9 percent. The minimum reduction was 3 percent, and the maximum reduction was 35
percent.

In those cases where the WIM data over-estimated the static ESAL, the adjustment process
improved the accuracy of the ESAL estimate. However, in several of the test cases, the mean of the WIM
data was sufficiently below the static mean that the WIM data under-estimated the ESALs for the site. In
these cases, the WIM adjustment increased the error associated with the data conversion.

CONCLUSIONS

The statistical adjustment tested in this effort does.reduce the calculated ESAL value as intended.
However, in the tests of the algorithm, errors present in the data sets available and/or in the estimation of
axle weights by the WIM systems often far exceeded the random errors caused by random motion of the
truck axles. These errors in estimated weight caused considerable error in the calculation of ESALs

In the available data sets, the WIM estimates did not always produce a larger ESAL estimate than
the static estimates. This was particularly true when the WIM system under-estimated the mean of the

sample. In these situations, the suggested adjustment procedure then accentuated the under-estimation of
ESALs.

Therefore, the authors conclude that the weight adjustment process appears to serve its function,
although the specific algorithm needs additional testing and refinement. However, problems with the WIM
devices (poor calibration, degradation of the scale performance over time, or degradation of the pavement

around the scale) may cause data errors that over-shadow the 5 to 20 percent error the traditional ESAL
calculatlon‘ may create.

FUTURE RESEARCH

The entire topic of the use of WIM data in place of static welghts requires additional research. On

the basis of the preliminary findings in this effort, the authors suggest that following items require more
study: ,

. How big are the differences between WIM and static axle weights at most (or the "typical”)
: WIM sites?

. How large is the corresponding error in ESAL estimates? and

. Do we (as state agencies) maintain the calibration of WIM devices (and surrounding

pavements) sufficiently well that the errors caused by the conversion of WIM data to ESAL
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rather than static data to ESAL are overwhelmed by errors in the performance of the
device?

EXHIBIT 1
Static .vs. Dynamic Weights
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INSIGHTS FROM WEIGHING-IN-MOTION -

ADJUSTMENT OF SHORT TERM WIM DATA TO AADT,
DYNAMIC WEIGHTS OF TANDEM AXLES, AND
OVERESTIMATION OF ESAL FACTORS

Curtis Dahlin, Program Management Division, Minnesota D. O. T.
Introduction

Minnesota’s first continuously operating WIM system was installed in 1981. Since that time
Mn/DOT has installed them at three other data collection sites. Analysis of the data from three of those
four sites has led to several important observations and discoveries I would like to share with you.

The first item I would like to- cover is adjusting short term truck traffic data to Annual Average

- Daily Traffic (AADT). The second item concerns the dynamic weights of tandem axles. The third item deals

with overestimation of ESAL factors. Now lets talk about adjusting short term truck traffic data, both weight
(ESAL’s) and volumes of vehicles to AADT values.

Adjustment of Short Term WIM Data To AADT -- ESAL’s

Minnesota’s WIM sites are located on a variety of roads. The following is a brief description of the
location and function of the routes. Keep these varying functions in mind as we cover the seasonal variations
we have observed.

1) 1-494 on the interstate beltline around the Twin Cites in Bloomington. Scales are
located in the two eastbound lanes.There is a mixture of rural and urban truck
traffic. The two-way AADT is about 80,000.

2) TH 2 on the Bemidji Bypass. Scales are in the two eastbound lanes and the right
westbound lane. TH 2 is a principal arterial crossing the northern part of the state.
The principal commodity being hauled is grain going to the ports at
Duluth-Superior. The two-way AADT is about 4100.

3) TH 99 west of St. Peter. There are scales in both directions in this two-lane
highway. TH 99'is a minor arterial which is restricted to 7 tons in the springtime.
It is a farm-to-market road. The two-way AADT is about 1600.

This brief analysis will concentrate on the three truck types which have the most impact for us --
the 2 axle 6 tire trucks, the 3 axle single unit and the 5 axle semi. These three vehicles on the average
‘account for approximately 8%, 7% and 67% of the ESAL’s respectively, so we have 82% of all ESAL’s
‘represented here. One can see that if we can do a good job of estimating ESAL’s for the 5 axle semi, we
~will be 2/3rds of the way there. So much depends on this one vehicle type for us.

The analysis in this portion of the report is based on the following assumptions:

1) Short term WIM data will be collected by an agency on a weekday or weekdays
between May and October.
2) This data will be collected for exactly 24, 48 or 72 hours. Because the weights and

numbers of trucks vary throughout the day, one must first make sure that
representative data is collected during the sampling. For instance, if data were
collected for one day and two nights at a site, there would likely be a built in bias
because the trucks operating during the night are generally heavier than those
operating during the day.
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Data collected for the three truck types at the three sites is summarized in Tables 1-3 and also in
Figures 1-3. Note that Figure 2 is drawn to a different scale. Table 1 and Figure 1 show few similarities
between ESAL data collected for 2 axle 6 tire trucks at the three sites.

~Table 1

" Factors to Adjust Average Weekday ESAL's
for 2 Axle 6 Tire Trucks to AADT

Site = May @ June = July = Aug Sept Oct
I-494 .95 1.01 1.10 1.09 .93 .90
TH 2 .91 .73 1.01 1.03 .89 1.02
TH 99 1.04 1.15 1.00 .87 .94 .72

Perhaps the only general similarity is that TH 2 runs somewhat parallel to 1-494 but only on a
lower level. July and September show similar results. TH 99 is very different in function from the other two.
These trucks are generally local in nature. The seasonal pattern at sites like this vary depending on local
industry.

Table 2

Factors to Adjust Average Weekday ESAL's
for 3 Axle Single Unit Trucks to AADT

Site ‘May - June = July  Aug Sept Oct

I-494 .95  1.01 = .96 .97 .97 .98
TH 2 1.13 .98 1.09  1.14 .89 .88
TH 99 .95  1.29  2.14  1.29 1.08 .80

* Table 2 and Figure 2 again show little similarity in the pattern of ESAL factors for 3 axle single
unit trucks at the three sites. 1-494 has a flat pattern just below 1.00. TH 2 is erratic. TH 99 has a very
pronounced bell-shaped pattern. These high adjustment factors for June through August on TH 99 mean
that the weights were very light in those months compared to the rest of the year. It should be noted for
June, July, September and October that the values for the individual lanes for TH 99 were far apart. It
could be that this high directional dlfference in not that unusual on a farm to market route. Additional data
will give us the answer to that quesuon

Table 3

Factors to Adjust Average Weekday ESAL's
for 5 axle semi to AADT

site  May  June  July Aug Sept oct

I-494 1.02  1.05  1.02 .95 .98 1.00
"TH 2 1.06 = 1.05 .98 .99  1.00 .99
TH 99 .99 1.24  1.19 1.01 .86 .77

Table 3 and Figure 3 show that the most 1mportam vehicle type has a much more consistent
ESAL pattern. -494 and TH 2 both have flat patterns of the same magnitude, around 1.00. The weights are
steady throughout this time period. TH 99 has somewhat of a bell-shaped pattern. This is distinctly different
from the other two sites. The weights on TH 99 are heaviest in the fall, so perhaps this route is more
sensitive to the movement of grain harvested in the area than the other two sites. The factors on 1-494 and
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"TH 2 probably show such consistency because there are large numbers of these trucks and the inter-city
nature of the commodities carried compared to the other two truck types- we examined. TH 99 is a
' comparatively low volume farm to market road so it is heavily influenced by the local situation.

It is interesting to note that for 5 axle semi (at two of our three sites) in particular and 2 axle 6
tire and 3 axle single unit trucks to a lesser degree the ESAL factors are remarkably close to 1.00. This has
worked for our benefit in the past as we simply collected weight data on a summer weekday and used it
as being representative of the entire year. We had no way of adjustmg it until now. Now lets look at
volumes of these three types of trucks.

Adjustment of Short Term WIM or Vehicle Classiﬁwtion Data to AADT--.
Numbers of Vehicles

Much of the previous discussion about ESAL’s also applies to numbers of vehicles. Data collected
 for these three truck types at the three sites is summarized in Tables 4-6 and also in Figures 4-6.

1

Table 4

Factors to Adjust Average Weékday Volumes
for 2 Axle 6 Tire Trucks to AADT

Site May June  July Aug Sept Oct
I-494 .75 .69 - 68 «67 .75 .77
TH 2 .79 .70 .79 .72 .64 .69
TH 99 .73 .85 1.00 .91 .68 .+ 63

Table 4 and Figure 4 show the pattern of factors to adjusft 2 axle 6 tire trucks to AADT for the
three sites. 1-494 forms a regular pattern with low factors in the summer months and higher factors in the
sprmg and fall. TH 99 also has a pattern but it is the opposite of 1-494 and it is more pronounced. TH 2
is erratic.

Table 5

Factors to Adjust Average Weekday Volumes
for 3 Axle Single Unit Trucks to AADT

Site May June July Aug Sept Oct

I-494 .66 .66 .66 .62 .70 .65
TH 2 .76 .57 .71 .64 .56 .56
TH 99 .78 .40 .72 .69 .72 .69

Table 5 and Figure 5 show the pattern of factors to adjust 3 axle single unit trucks to AADT. 1-494
once again has perhaps the most stable pattern of the three sites. It is pretty flat. TH 99 is fairly stable
except for June when the factor dropped dramatically because the volume increased so much. TH 2 is
'somewhat erratic. Even given the irregularities we see here, there is some pattern with many of the values
‘being generally between .60 and .72. This may be explained by the fact that this truck type is often used in
construction activity which predominantly takes place in these momhs
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Table 6

Factors to Adjust Average Weekday Volumes
for 5 Axle Semi to AADT

Site May June July Aug Sept Oct
I-494 = .74 .74 .74 .71 .73 .70
TH 2 .77 .65 .82 .70 .72 .83
TH 99 .76 .62 .77 .67 .67 «71

Table 6 and Figure 6 show the pattern of factors to adjust 5 axle semi to AADT. The tightness of
the patterns we see here for 5 axle semi are generally the same as we saw for 5 axle semi in the ESAL

~ section, Overall it seems to be the most stable of the three truck types regardless of the type of roadway

we have examined. 1-494 has a very stable flat pattern. The other two sites have more variation but the
values ‘are still generally in the 70 to .80 range.

One thought to keep in mind concerning all of this preceding data is that it is the average weekday
for each month which we have examined. This means that there are about 20 individual days in each month
which were averaged to compare to the AADT. There of course is variation in the daily data.

In our application of this WIM data at this time, it may be better to average the values from a
number of model stations (permanent WIM) and have one set of adjustment factors for each vehicle type.
We simply don’t have a data base that is broad enough so we can match up individual short term weight
locations with individual model stations and have substantial confidence in the results. As WIM becomes
cheaper and we develop extensive systems, this may become feasible.

More analysis can be done with this data. For instance, the months can be looked at over
successive years to determine which ones seem to be more stable than the others.

We must move toward using continuously collected weight and vehicle classification data to adjust
short term data to average annual data. If we are unable to obtain continuously collected data, we should
consider building a data base showing seasonal variation by sampling for at least 48 hours once a month
during the year, weather permitting. We would not dream of developing estimates of total traffic volumes
without using data collected at ATR’s to adjust 48 hour machine counts to AADT, but that is what we have
been doing with weight and vehicle classification data.

We all spend a considerable amount of time and money collecting this weight and vehicle
classification data, but we do not take advantage of what our neighbors are doing. We should be sharing our
data much more extensively with each other. This sharing could be done on a regional basis, or at least
among states which border one another. Perhaps FHWA can take a leading role in this and set up a pilot
project involving a number of states.

Dynamic Weights of Tandem Axles

Now lets look at the issue of dynamic weights on tandem axles. The manner in which weight
distributes on the individual axles of a tandem on a moving vehicle is of great importance to the highway
researcher and designer. The amount of damage which should be attributed to tandem axles is a function
of the smoothness or roughness of the road surface. The advent of WIM gives us an opportunity to catch
glimpses of how the dynamic weight distributes on tandems. There are two interrelated elements which play
a_role here. One of them is the way the wc1ght is statically distributed and the other is the effect of
dynamics. These are difficult to separate. |
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We have compiled sample data on the weight distribution of tandems on 5 axle semi at each of our
permanent WIM data collection sites. We also included data from the screener scale at the St. Croix Weigh
'station and from Iowa’s piezo installation for the AWAC’s study. We wish to thank the Iowa DOT and
' Castle Rock Consultants for supplying us with this data. The Iowa AWAC's site is unique in that we have
data from two piezo cables spaced 16 feet apart.

We chose to look at the 5 axle semi because there are two sets of tandems on each vehicle. This
afforded us the opportunity to see if the patterns for the first and second tandems were the same. Also, as
was mentioned earlier, this is our most important vehicle. We generally included only loaded tandems in this
study. Lightly loaded axles tend to bounce more than those that are heavily loaded and we wanted to have
a uniform sample.

The weights which are recorded at our WIM sites reflect what is happening only at that precise
location. These dynamic weights are profoundly influenced by the profile of the approach to the scales.
Other factors are the trucks’ speed, suspension system, axle configuration, tires and aerodynamic
characteristics. As you will note, the sample was small in some cases as we used what data we had available.
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A brief description of the physical characteristics of each site is as follows:

1) 1-494 is a fairly rough riding concrete roadway which was constructed about 1962.

2) TH 2 is a smooth bituminous roadway which was constructed in 1982.

3) TH 99 is a fairly smooth older bituminous roadway which had a 500 foot overlay
applied prior to the installation of the scales in 1984.

4) 1-94 is a smooth concrete roadway which was constructed in 1985.

5) The St. Croix Weigh station ramp is a smooth concrete roadway which was

constructed in 1985.
6)  The Iowa AWAC's site is on I-35 which is a smooth concrete roadway.

Here is a summary of the data we have compiled.

Table 7

Percent of Weight on Each Axle in a Tandem Group

I-494

TH

Right lLane EB
Sept. 30, 1982
Oct. 11, 1982
oct. 25, 1982
Aug. 4, 1983

Aug. 28, 1986

Left Lane EB
Sept. 30, 1982
Oct. 11, 1982
Oct. 25, 1982
Aug. 4, 1983
Aug. 28, 1986
2 o
Right Lane EB
Nov. 1, 1983
Nov. 2, 1983
Nov. 3, 1983
Feb. 1, 1984
Oct. 30, 1985
Sept. 9, 1987

Right lane WB
Nov. 1, 1983
Nov. 2, 1983
Nov. 3, 1983
Feb. 1, 1984
Oct. 30, 1985
Sept. 9, 1987

for Loaded 5 Axle Semi

1st Tandem

1st Axle 2nd Axle

47.9
49.0
47.6
48.6
50.2

57.0
55.6
55.3
55.0
53.6

50.1
50.8
50.5
50.8
50.0
50.6

51.6
52.9
52.1
50.5
52.0
51.8

52.1
51.0
52.4
51.4
49.8

43.0
44.4
44.7
45.0
46.4

49.9
49.2
49.5
49.2
50.0
49.4

48.4
47.1
47.9
49.5
48.0
48.2
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2nd Tandem

1st Axle

41.3
41.7
42.7
43.6
43.3

54.3
53.7
53.9
52.4
52.4

48.5
47.8
47.9
47.3
48.8
48.9

50.6
50.5
51.4
50.0
51.6
54.2

2nd Axle

58.7
58.3
57.3
56.4
56.7

45.7
46.3
46.1
47.6
47.6

51.5
52.2
52.1
52.7
51.2
51.1

1 49.4
49.5
48.6
50.0
48.4
45.8

#
of

veh.

66
17
27
41
60

40
24
23
59
60

17
49
52
29
17
22

15
17
18



TH 99
EB Lane
Oct. 1984, Mar. : S ,
1986 & Sept. 1987 51.4 - 48.6 - - 48.9 - 51.1 19
WB lane , : ,
Oct. 1984, Mar. T : o
1986 & Sept. 1987 .49.4 - 50.6 1 47.8 - 52.2 15

I-94
Right lLane EB
Jan. 26 & : :
Feb. 2, 1987 51.5 -  48.5 52.5 - 47.5 45
Sept. 11 & 29,
1987 51.8 - 48.2 i 52.0 - 48.0 51

Middle l.ane EB
Jan. 26 &

Feb. 2, 1987 50.6 - 49.4 -~ 50.5 - 49.5 45
Sept. 11 & 29,
1987 50.2 - 49.8 - 50.9 - 49.1 68

Middle ILane WB
Jan. 26 &

Feb. 2, 1987 51.6 =~ 48.4 49.9 - 50.1 45
Sept. 11 & 29, .
1987 49.9 - 50.1 49.6 - 50.4 17

Right l.ane WB
Jan. 26 &

Feb. 2, 1987 53.1 - 46.9 53.1 - 46.9 - 45
Sept. 11 & 29, '
1987 52.2 - 47.8 52.2 - 47.8 71

St. Croix Weigh Station

Incoming Ramp : ‘ : s
Jan. 13, 1988 52.0 - 48.0 . 49.8 - 50.2 85

Mar. 10, 1988 51.4 - 48.6 49,7 - 50.3 80
Jowa AWAC's

Sensor 1 : . \

Sept. 15, 1986 50.1 - 49.9 46.4 - 53.6 66

Sensor 2 L
Sept. 15, 1986 51.0 - 49.0 50.8 - 49.2 66

After studying this data, we can draw the following conclusions:

1) Each lane has a unique profile in the area of the scales. ,
2) The consistency in the way the weight distributes generally holds steady over an
extended period of time.
} 3) In this brief study we find three basic patterns represented They are:
a) The first axle of each tandem is the lighter one.
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rf ‘ b) The first axle of each tandem is the heavier one.
‘ ) The first axle of the first tandem is heavier while the first axle of the second
tandem is lighter.
‘We did not find the fourth basic pattern which would show the first axle of the first
tandem lighter and the first axle of the second tandem heavier. Our sample was probably
not extensive enough to pick it up.

4) As one would expect, the roughest pavement, 1-494, has the most pronounced
imbalances, nearly approaching 60-40 with one set of tandems.

5) A majority of the readings from the other sites are close to 50-50, but they still
have unique patterns. These sites have pretty smooth approaches.

6) The data from the lowa AWAC's site is particularly interesting. It is our only look

at what happens at two places in the same lane. Here we can see that there is a
different pattern from one sensor to the other, particularly on the second tandem.
The pattern had changed in 16 feet.

It probably is not important which axle of a tandem is heavxer since presumably they are constantly
switching back and forth. The critical point is the magnitude of the spht

All of these readings were from trucks which were traveling at highway speeds except those from
the St. Croix Weigh station which were traveling at 20-30 MPH. Even at these slower speeds, there is an
imbalance in the distribution of the weight.

An analysis of the individual vehicles which went into these groups showed that each one of them
did not necessarily follow the pattern exhibited by the group as a whole. We have not measured the profile
of each approach to attempt an in-depth analysis of the issue. This is one of the things that should be done
in future research.

The distribution of weight on tandem axles is important in calculating ESAL’s. The assumption is
that the weight is distributed evenly or nearly so on the two axles. This means that there should not be
large individual or systematic differences in the weight distribution, but that is what we are seeing in some
locations. We can see the systematic extremes on 1-494 and conclude that this likely causes probiems for us
in correctly calculating ESAL’s. We may not suspect that there would be a problem on TH 2 which seems
to be pretty well balanced. When we look at the individual tandems, we see that TH 2 also has a problem

- but it is not as bad as on 1-494.

When we have a situation where the weight is not distributed evenly, the logical question is
whether we should calculate the ESAL’s in a different manner. One approach is to treat the heaviest axle
as a single axle and calculate the ESAL’s based on it alone while ignoring the impact of the lighter axle.

In calculating ESAL’s for tandem axles, when the weight is evenly distributed between the two

axles, the relationship between the factor for the tandem and the factor for an individual axle if that axle

is treated as a single axle is 1.378. The purpose of making this calculation is to come up with a number
which will serve as a benchmark against which we can compare our WIM data. We ran this comparison
against 1-494 where the pavcrnent is roughest and against TH 2 where the pavement is smooth. These are
the results of that analysis:
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Flexible ESAL Fact?r

Heaviest Tandem Factor # of
Tandem Single Heaviest Single Factor Tandems
I-4%4
Right Lane EB .605 .648 .934 146
Left Lane EB .964 .930 1.037 136
TH 2
Right Lane EB 1.056 .941 1.122 100
Right Lane WB .951 .862 1.103 100
Benchmark Value .718 .521 1.378 13

~ This shows that 1-494, particularly the right lane, is worse than TH 2. The factor for the heaviest single axle
is higher than the factor for the tandem. TH 2 is better but even|it is well below the benchmark value.
Extreme imbalances in weight data are generally caused by rough p%vements and these rough pavements in
- turn cause more imbalances. This pounding likely hastens the deterioration of the pavements. The proper
‘calculation of these ESAL’s is something that should be considered by pavement researchers who study and
~develop these relationships. ‘

Overestimation of ESAL FactJn

smoothness of the approach and also on the type of WIM system.being used. The accuracy of the data is
‘important when the ESAL factors are calculated for each vehicle. There is a tendency for the ESAL’s to
'be overestimated by WIM systems. This is not a fault of the WIM systems but it is due to the nature of the
relationship of the factors as the weight changes. The data in Table%z and Figure 7 shows what happens in

The accuracy of the data collected by a WIM system will {hty from site to site dépending on the

the case of a 34,000 Ib. tandem which is weighed with varying degrees of accuracy.
Table 8
Effect on ESAL factors as the Error in %easuring Weight Varies

Flexible ESAL factor for a 34,000 lb. tandem = 1.095

Weight on Approximate Average % the factor
Error Tandem ESAL Factors Factor isoverestimated
+ 3% 35,020 1.230
- 3% 32,980 .971 1.101 + 0.5%
+ 6% - 36,040 1.380
- 6% 31,960 .857 1.119 + 2.2%
+ 9% 37,060 1.530
.- 9% 30,940 .753 1.142 + 4.3%
+ 12% 38,080 1.700
- 12% 29,920 .658 1.179 + 7.7%
+ 17% 39,780 2.080
- 17% 28,220 .495 1.288 +17.6%
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In this example, if the system weighs a 34,000 1b. tandem 6% high one time and 6% low the next
time so the average weight is 34,000 Ibs., the ESAL factor is overestimated by 2.2%. One can see that the
overestimation isn’t t0o severe until the accuracy of the scales is perhaps plus or minus 12% or more. The
problem really escalates for a system whose accuracy is plus or minus 17%. The same relationship exists for
single axles and tridems as well as for varying weights of these axles or axle groups.

~ The problem is actually critical only if most of the weights are off by 17% for example. However,
if the deviations are scattered uniformly between 0 and 17% (plus and minus), the overestimation will be
a composite of all these individual values. This information should be kept in mind as it is a systematic bias.

With more research, it may be possible to build correction factors. Regardless, it should be

comforting to pavement design engineers to know that our estimates of ESAL’s are conservative.
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Figuré 1
Factors to Adjust Average Weekday ESAL's
for 2 Axle 6 Tire Trucks to AADT
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Figure 2 3
Factors to Adjust Average Weekday ESAL's
for 3 Axle Single Unit Trucks to AADT
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Figure 3
Factors to Adjust Average Weekday ESAL's
for 5 Axle Semis to AADT
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| Figure 4 4
Factors to Adjust Average Weekday Volumes
for 2 Axle 6 Tire Trucks to AADT

| I-494 ™2 TH 99

June duly Aug Sept
Month

oct

189

Vol2ax



Factors to Adjust Average Weekday Volumes

Figure 5

for 3 Axle Single Unit Trucks to AADT
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Figure 6
Factors to Adjust Average Weekday Volumes
“for 5 Axle Semis to AADT '
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Effect on Flexible ESAL Factors as the
Error in Measuring the Weight Varies
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AN OVERVIEW OF ESAL ESTIMATION AND FORECASTING FOR PAVEMENT DESIGN
Bruce Aunet, Wisconsin Department of Transportation

Introduction

i This brief paper will attempt to provide an overview of some of the issues involved in equivalent
smgle axle loading (ESAL) estimation and forecasting for pavement design. Many of the topics here, as well
‘as additional related issues, are developed more fully elsewhere (1).

Numerous factors potentially affect the selection of the thickness of a pavement structure and the
types of materials and pavement used. The primary factors are graphically portrayed in the flow chart in
Exhibit 1.

Much is known about some of these factors, such as material limitations, for example, yet little is
known about others, such as weather and climate related environmental stresses. And while the pavement
damage caused by increasing truck tire pressures and particularly dynamic forces and uneven tandem axle
load distributions may be substantial, the effects have generally not been added into ESAL Factors (which
‘is why they dead end on the flow chart). Apparently only in Kentucky have they thus far adjusted their
'ESAL factors to take these variables into account.

While it is important to be aware of the larger picture, the focus here is on the issues involved in
estimating and forecasting the number of trucks, the vehicle or truck mix, and the average ESAL factors per
truck type that make up total cumulative ESALs (over the design life).

The Cumulative ESAL Forecast

The cumulative ESAL forecast can be disaggregated by estimating base year values and forecasting
\ demgn year values for:

1L total traffic (AADT);
‘ 2. vehicle mix (numbers of trucks by type); and
| 3. average ESAL factors (by truck type).
' The cumulative ESAL forecast/calculation can be structured in a number of ways. Appendix D of the
' AASHTO Guide for Design of Pavement Structures provides one format. A Lotus "1-2-3" macro spreadsheet
of Appendix D designed for FHWA is shown in Exhibit 2. A streamlined "1-2-3" spreadsheet was designed
~at WisDOT to: 1) use only those five truck types currently used by the department in pavement design, and
2) use explicitly forecasted design year truck type ESAL factors. An example is shown in Exhibit 3. Note
that the increase in total ESALs between the exhibits is the result of the fore- casted design year ESAL
factors.

Directional and lane distribution factors (DDF and LDF), though often neglected, are also
important. They both refer to ESALs, not traffic, nor even just trucks. The DDF is usually assumed to be
“evenly split (50-50) in lieu of actual data, yet a 20 percent change in the DDF (from 0.5 to 0.6, for
“example) results in a corresponding 20 percent increase in the cumulative design ESAL forecast/calculation.
Both the DDF and LDF are direct multiplicative factors. Thus to improve the cumulative design ESAL
- forecast/calculation, more information is needed on the direction and lane distribution of ESALs.

The state-of-the-art in ESAL forecasting is not very advanced. It has been a largely overlooked area

up until very recently and data limitations also hinder current forecasting efforts. Because of limited
' sampling, equipment limitations, and the effects of dynamic forces, there is considerable uncertainty about
the reliability and validity of current estimates, let alone forecasting from an uncertain base. Nonetheless,
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forecasts are required; for if they are not done explicitly, then the implicit assumption is that things will not
change. And that doesn’t seem very realistic over a 20 year design horizon.

Data Requirements
The vehicle mix data base in Wisconsin is currently limited in both breadth and depth.

Spatial coverage is inadequate. The Traffic Monitoring Guide (TMG) recommends 300 sites over
a 3 year cycle; WisDOT is currently collecting data at only 120 sites on a 3 year cycle.

Temporal ooverage is also madequate Currently mghmmc, weekend, and seasonal data are lacking.

To what extent seasonality in truck traffic is an 1ssue, if at all, cannot be determined from ex;stmg data.

Gomg to forty etght hour machine automatic vehtcle classification (AVO) counts wxl] help. Much
better data are expected from a number of automatic traffic recorders that are planned to be converted into
continuous AVC stations. This will not only provide better data for forecasting, but will also serve as a good
base from which to analyze seasonality and variance in truck traffic to further improve the vehicle
classification data collection program.

~ The truck weight data base at Wisconsin suffers from essentially the same problems (with regard
to lack of spatial and temporal depth). Only a few points are made here since the WisDOT’s truck weight
program is described in detail elsewhere (2). » , :

- Going from twenty-one sites on a two year cycle to svtty -nine sites over a three year cycle will
improve the spatial coverage of the weight monitoring program. Seven different highway functional systems
also will still be monitored.

Temporal coverage will be expanded to forty-eight continuous hours at all sites and seven
continuous days on a bimonthly basis (May-October) at six "control” stations. Truly in depth temporal
coverage - capturmg hourly, datly, monthly, and annual variations over time - could be reached through the
installation of some continuous automatic truck weight (ATW) stations. This will become increasingly
feasmle as technology and equipment improve and costs decline. ~

ata Analk, is and 'Summarization Requirements

The quantity of vehicle mix and particularly truck weight data has begun to increase markedly
(through the use of WIM and AVC equlpment) WisDOT, for example, is increasing the number of trucks
weighed from 10, 000 to roughly half-a-million per year. And even that is still low compared to some states.
Gomg to contmuous vehicle classification will also dramatically increase data collection.

As the quanmy of the collected data greatly mcreases, it becomes increasingly important to stay

‘current with the analysis and use of existing data. There is a real need to use the data already available to

improve data collection programs, enforcemem programs, and pavement designs.

Collected data need to be analyzed for validity and reliability. What exactly is being measured?
(Weight? Dynamic’ forces") Is the equipment performing up to standards over time? Judicious data edits
need to be made as necessary to insure data quality. The importance of maintaining data integrity -so as to
prevent credibility gaps which can cause users to reject the data - can not be overemphasized.

One way to check high speed WIM collected weight data is to compare it to enforcement scale

collected weight data. Yes, some truckers avoid enforcement scales - about 15 percent in one .case study
done in Wisconsin (3); and thus total ESALs decrease (by about 15 percent). But average ESAL factors
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' remained essentially unchanged, with or without enforcement presence. Trucks that did avoid the scale did
so primarily because of registration or safety violations, not size or weight violations (4).

In addition to being checked for validity and reliability, data records need to be statistically
summarized down to a meaningful and useful format. This means developmg and annually updating current
estimates for: ‘

i

1) average numbers and percentages for truck types rused in pavement designs;
2) average equivalency factors for each truck type uged in pavement designs; and
3) each of the above data elements at each data collbcuon location as well as at the highway

functional classification system level.
If a 3-year data collection cycle is used then a 3-year movmg average also should be used to
smooth out sampling fluctuations.

Finally, some type of data management plan - specifying %vho needs what data in what format - is

essential to organize and help insure expedient usage of the mountains of data that are being and or soon

- will be collected.

Analyzing and Forecasting the Total ESAL Components

Assuming good, reliable data from which to derive current estimates and analyze historical patterns,
attention can then be turned to forecasting out to the design year.

In terms of vehicle mix, a good place to start is by looking at trends. One obvious trend is toward
larger trucks. Average daily single trailer 4-axle or less (ST4AX) trucks have declined, for example, while
average daily single trailer 5-axle or more (STSAXM) trucks are mcreasmg in numbers. Examples of these
trends on the rural interstate highway system in Wisconsin are shown in Exhibits 4 and 5. These plots are
based on a 3-year moving average for the system. Plots for site specific locations are more erratic because
they only show data points corresponding to the collection cycle, which in this case is three years.

Various simple data fitting, trend extrapolation techniques|can be used to forecast. Such techniques

- include moving averages, exponential smoothing, linear regression, and curvilinear regression. It’s important

- to forecast numbers of trucks here; not percentages.

- mix and ESAL factor forecasts.

Some combination of trend line and judgment is probably adequate for most project specific vehicle

Causal, econometric models, explicitly taking into account economic variables, are preferable from

are difficult to define and use at a project level or even on a system wide basis. They are also dependent

- the standpoint of theory, and they are perhaps most useful on a geTgeral or statewide basis. But such models

- on independent economic forecasts (which are subject to their own set of problems). Finally, the level of
- effort generally required may not be justified for pavement designl purposes.

\
Essentially the same process - trend analysis and extrapolation, tempered by judgment - can be used

for forecasting average ESAL factors (by truck type). The FHWA W-Table microcomputer software, soon
~ to be released, should enhance analysis and forecasting capabilities in this area. The important point here
. is to start forecasting design year average ESAL factors, since th “y are just as important, if not more so,

. than forecasts of numbers of trucks.
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Sensitivity of the Pavement Design Equations to ESALs

“The old "rule of thumb" with regard to pavement thickness design and total ESALs is that adding
one inch of pavement will accommodate a doubling in total ESAL carrying capacity. This is generally true,

~ although it depends somewhat on other design variables and total ESAL magnitudes. The important point

is that as total ESALs increase, required pavement thicknesses increase at a substantially decreasing rate.

Take, for cxample a continuous reinforced. concrete (CRC) pavement designed to carry, say, 20
million ESALs over 20 years. This would typically require a 10 inch pavement thickness. If total ESALs
were forecasted to be 40 million over the 20 years - a 100 percent increase - then an 11 inch pavement
would be required (for a 10 percent increase in thickness, in this case). Assuming a direct relationship
between cost and thickness, there also would be roughly a 10 percent increase in cost for the additional one
inch of pavement required.

Design engineers at the WistT are completing a report that looks at this relationship between
ESALs, pavement thickness, and cost in more depth (5).

So in terms of the consequences of forecasting error, it turns out that pavement thickness design
is not highly sensitive to the total ESAL forecast. Other factors in the design equation also play a
significant role. FHWA has graphically looked at the sensitivity of a number of these variables (such as

- the modulus of subgrade reaction, the modulus of rupture, the elastic modulus, the load transfer coefficient,

and the drainage coefficient) and their Region 10 office has developed a Lotus "Symphony" program for
pavement design (6).

WisDOT design engineers are also developing a menu driven Lotus "1-2-3" macro program for
pavement design that explicitly takes into account forecasted ESALs (based on forecasts of total traffic,
vehicle mix, and ESAL factors), pavement costs, and life-cycle costs (7).

The relative lack of sensitivity of forecasted ESALs in the pavement design process doesn’t mean
that efforts shouldn’t still be made to provide better forecasts. On the contrary, decisions should be based

~on the most accurate information practicable. While the development of complex or sophisticated

forecasting models may not be necessary, significant improvements can still be made. Efforts might also be
fruitfully spent on developing more reliable current estimates, particularly with regard to ESAL factors.

Summary and Conclusions

The state-of-the-art in ESAL forecasting is not very advanced and data limitations hinder current
efforts. Yet just beginning the process of explicitly forecasting numbers of trucks and ESAL factors would
be a step forward; and one that needs to be pursued.

Going to continuous data collection, for both vehicle classification and truck weighing, will help
fill some key data gaps and form a solid basis for the establishment of trends. At the same time,
computerizing data analysis and pavement design procedures will improve both the utilization of these data
as well as productivity. :

Much more will be able to be done in this area - of analyzing and forecasting the data - as the
quantity, and hopefully quality, of collected data begins to greatly increase, This will -allow assumptions to
be verified or refuted. Some surprises should be expected along the way.

_ Finally, to be truly effective, greater intra-agency‘ cooperation between planning, design, and

enforcement personnel is also needed, including more inter-agency cooperation and information sharing as
well.
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EXHIBIT 2 HIGHWAY PAVEMENT CUMULATIVE ESALs NCHRP 255
——————————

OFFICE OF PLANNING, FEDERAL HIGHWAY ADMINISTRATION
DESIGN PERIOD (1-40yrs)= 26 # OF LANES= | 4
DIRECTIONAL DISTRIB. (0.50 TO 1.00) = 0.5 ** INPUTS ** ESAL
w* VEHICLE TYPES ** BYr % BYr ADT % GROWTH FYr % FYr ADT  FACTOR
PASSENGER CARS (]
BUSES ()}
PANEL/PICKUP TRUCKS v 0
OTHR 2-AXLE/4 TIRE TRKS i 0
2-AXLE/6-TIRE TRUCKS 2.2 1.8 404 0.2
3 OR MORE AXLE TRUCKS 1.1 0.8 180 0.8
3 AXLE TRACTOR SEMI 1 ]
4 AXLE TRACTOR SEMI 1.4 0.7 157 0.8
5+ AXLE TRACTOR SEMI 26.2 41.0 9,205 1.6
5 AXLE DBL TRAILERS 1.0 2.2 494 2.1
&+ AXLE DBL TRAILERS | 0
3 AXLE TRUCK-TLRS | 0
& AXLE TRUCK-TLRS , (]
S+ AXLE TRUCK-TLRS , 0
w* ALL VEHICLES ** 31.9 14,770 .. 46.5 22,450
HIGHWAY PAVEMENT CUMULATIVE ESALs NCHRP 255 11/6/85 MOD 4/16/86
written by JHK & Assoc (K. Hooper) & COMSIS Corporation (M. Roskin)
www RESULTS ***
v ‘ GROWTH| X OF CUuM
** VEHICLE TYPES ** BYr ADT FYr ADT RATE %!  LOAD ESALS
PASSENGER CARS o 0 0.0 0.0% 0
BUSES 0 (i} 0.0 0.0% 0
PANEL/PICKUP TRUCKS (] 0 0.0 0.0% 0
OTHR 2-AXLE/4 TIRE TRKS (] (] 0.0 0.0% 0
2-AXLE/6-TIRE TRUCKS L 325 404 0.9 0.7% 310,371
3 OR MORE AXLE TRUCKS 162 180 0.4 1.3% 584,255
3 AXLE TRACTOR SEMI o 0 0.0 0.0% 0
4 AXLE TRACTOR SEMI -207 157 1.1 1.3% 618,370
S+ AXLE TRACTOR SEMI 3,870 9,205 3.5 91.1% 42,200,010
5  AXLE DBL TRAILERS 148 494 4.9 5.6% 2,585,939
&+ AXLE DBL TRAILERS S0 (] 0.0 0.0% ]
3 AXLE TRUCK-TLRS o - =0 0.0 0.0% 0
4 AXLE TRUCK-TLRS (] 0 0.0 0.0% 0
5+  AXLE TRUCK-TLRS 0 0 0.0 0.0% 0
w* ALL VEHICLES ** 4,712 10,439 - ‘ < - 46,298,945
EXHIBIT 3 INPUTS
Design Period = 26 Lanes = 4
Base Year AADT = 14770  DDF = 0.5
Design Year AADT= 22450  LDF = 0.9
| RESULTS
i % of
BY ¥ DY X BY ESAL DY ESAL Total Total
Vehicle Type AADT ARDY Factaﬂ" Factor Load ESALs
..... e L L LT T AR L E L R
su2o 2.2%  1.8% o.zb 0.30 0.7% 397,89
SU3AXM 1.1%  0.8%  0.80 1.00  1.1% 661,475
STAAXL 1.4%  0.7% 0.80  0.90 1.1% 855,669
STSAXM 26.2%  41.0%  1.60 2.10 91.7% 54,531,112
NT 1.0 2.2% - 2.10 2.40 5.4% 3,195,518
Total Trucks 31.90% 46.50% 59,441,669
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EXHIBIT 4 AVERAGE DAILY ST4AX TRUCKS
On the Rural Interstate System
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EXHIBIT 5 AVERAGE DAILY ST5AXM TRUCKS
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SUMMARIZATION OF WORKSIIDP ON
WEIGHT ENFORCEMENT--PLANNING, OPERATIONS, AND
WEIGH AND INSPECTION STATION DESIGN

John F. Grimm, Federal Highway Administratioh, Washington, D.C.

In our session, there were seven presentations covering WIM applications and truck weigh station
design and operation. The WIM applications, covered in six presientauons, included vehicle sorting and
screening, WIM output as evidence of violations, and use of WIM equipment to monitor bypass routes.
Truck weigh station design and operations, covered in five sessions, included ramp geometrics, truck flow
and monitoring, mobile units, automation, and joint State use.

Captain Marsha Wiley of the Wisconsin State Patrol dlscussed a study of trucker avmdance of open,
- permanent scales. The study focused on the Rusk scale on 1-94 and the methodology used to monitor the
 bypass routes with WIM equipment and patrol vehicles making visual observations. Not surprisingly, scale
avoidance ranged from 35 percent to 67 percent of the eligible truCks Surprisingly, WIM showed that only
about 10 percent of these trucks were actually overweight. Further, special permit trucks and statutorily
exempt (pulp and milk) haulers make a precise estimate 1mp0551ble The study concluded that there was a
need for concurrent enforcement by both weight and Motor Camcr Safety Assistance Program personnel
on bypass routes during permanent scale operations, and that thesé bypasses can be as far as 70 miles away

. from the permanent scales. |

Chief John Bailey of the Arkansas Highway Police told us that because of the significant increase in
heavy truck traffic on Arkansas highways and budgetary and staff limitations, which are no different in
Arkansas than anywhere else, it is imperative that the use of WIM for issuing citations be tested in the
courts of Arkansas and other States. He sees a parallel in the use of WIM data as evidence with the
development of the use of "radar” data in the courts 20 years ago. He praised the use of WIM as both a
screening device and a tool for planners. But he emphasized thai using WIM as an enforcement tool is
inevitable and hopefully it would occur soon.

Sergeant Calvin Karl of the Minnesota State Patrol discussed the development and operation of the
St. Croix weigh station at Lakeland, Minnesota, which many of uk visited and observed in operation this
week. Specifically, he described the use of WIM as a sorter of truck traffic on the entrance ramp to the
scales. The significant reduction in the number of trucks that actually have to be weighed on the static scales
afforded by WIM enable the vast majority of trucks, including those weighed on the static scales, to pass
through this state-of-the-art facility with little or no delay.

Captain Albert Corbin of the South Carolina Highway Patroﬂ described the design of new weigh and
inspection stations to be built in his State. He explained in detail the turning radii required, the necessary
lengths of entrance and exit ramps and the use of WIM equipment, both as a screening tool for the
identification of potentially overweight vehicles and as a means of collecting axle load and vehicle
configuration data. Lighting, signing, pavement type and depth, bulldmg size and design, and personnel
morale and efficiency were addressed. |

MTr. Robert Ketner of the Virginia Department of Transportation discussed Virginia’s statewide weight
enforcement program that uses permanent and portable scales and WIM equlpment He described Virginia’s
" self-contained, converted R.V. vehicle outfitted with WIM equipment to screen four lanes of traffic on some
- of the State’s highest volume highways. This equipment identifies the vehicles that should be statically
- weighed. He emphasized the efficiency of this approach and how it has expanded the State’s ability to screen
truck traffic on heavily traveled highways such as U.S. 29, which pfeviously had no permanent facilities nor
appropriate geometrics for portable scales. Bob also answered a great many questions about the costs of the
vehicle and its related equipment.
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Mr. Jim Gunderson of the Utah Department of Transportation talked to us about a port-of-entry
weigh and inspection station on I-15 that will be jointly operated by Utah and Arizona. The obvious
economies of such joint operations were explained and the resulting greater coverage at lesser cost were
described. Many legal questions were addressed including the need for intergovernmental agreements between
the two States covering such aspects as issuing citations and special permits by officers of one State for the
other. Despite having differing laws and regulations in such areas as trip permits, fuel taxes, registrations,
operating authority, and the like, the joint operation by both States’ officers has proven very successful.
Utah, New Mexico, Arizona, and California plan to have several joint ports-of- entry in the near future.

Messrs. Milan Krukar and Ken Evert of the Oregon Department of Transportauon described an
experimental project in automation at their agency’s Woodburn South Bound Port-of-Entry on I-5. This
visionary project uses WIM, and automated vehicle identification (AVI) technology, as well conventional
static scales and two major computer systems. These systems monitor and regulate trucks with respect to
weight, size, safety, and weight-distance taxation. ’

Equipping high- usage trucks with transponders for fleet and vehicle specific identification allows these
trucks to realize productivity gains by bypassing the permanent scales while passing through the port-of-
entry, even hough virtually every aspect of the truck and carrier is checked and affirmed through the
computers. Items checked include the currency of P.U.C. plates, safety records, and records of compliance
with size and weight laws, and whether the operator/carrier is a "chronic offender." The productivity gains
and monetary benefits of this automated system, including the collection of large amounts of unpaid taxes
from carriers passing through the port-of-entry were described as well as improved data collection for
pIannmg and other purposes. This presentation was so interesting we could have easily spent twice the time
available in discussing it.

[ greatly appreciate each of the speakers for agreeing to participate in this session and taking the time
to prepare their presentations. The presentations were excellent as well as informative.
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REMARKS ON WIM AS AN ENFORCEMENT TOOL
John R. Bailey, Chief, Arkansas Highway Police
Arkansas’ state highway system, which is one the oldest interstate systems in the nation, consists of
over 16,000 miles. With a price tag of approximately $6 b11110n, it is considered the largest single taxpayer
" investment in the State.

Close examination would credit the Arkansas Highway Police’s comprehensive weight enforcement

| program. The preservation of the road surface has been the focal point to control of accelerated pavement

wear caused by overweight vehicles. The Highway Police is comprised of 236 members assigned statewide
in 17 port of entry weigh stations and 47 strategically located patrol units. Various studies have indicated
that highways are constructed to last 10 years, if not for the diligent efforts of these officers, overweight
vehicles could cause their failure as early as 4 years after construction.

Arkansas has always placed heavy emphasis on the enforcement of weight laws and the preservation
- of the highway surface, and as was displayed by being one of the last states to allow 80,000 pound maximum
' load limits. Today, however, we are challenged with a new problem.... the ever increasing volume of
commercial vehicles using the State’s highways in proportion to the number of trucks actually weighed for
enforcement purposes. It is estimated that approximately 66,000 trucks travel Arkansas highways each day.

The Office of nghway Planning of the Federal Highway Admmlstratlon revealed in a study from 1969
to 1979, the following mformauon 1

1)
2)

Truck volumes increased 25%

Total percent of trucks increased in vehicle population' shifted to larger and heavier types.
1969 - 8% of Interstate traffic are trucks

1979 - 16% of Interstate traffic are trucks

1983 - 17% of Interstate traffic are trucks

. Therefore, law enforcement administrators are confronted with questions such as:

1)

2)

3)

4)

5)

How to maximize manpower (our most important and expensive resource) to target potential
violators... in lieu of Federal requirements that will not permit in excess of 171 hours worked in
any 28 day work period? (Garcia vs. San Antonio)

How to apply technology to current portable wheel weighing concepts that will increase the
number of overweight vehicles contacted in the most expeditious way?

How to address the 10-25% of trucks estimated to be overweight that are doing $1 billion damage
to our nation’s highways annually?

How to ensure the businessman in your community that unfair economic advantages are not being
allowed by trucks operating overweight, thereby affecting the bid process?

How to address the safety factor that overweight trucks are more difficult to stop and 1mpact
damages in accidents are more severe?
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6) How to address the static scale avoidance problem, whereas studies have revealed only 1% of
- trucks weighted at static scale locations are illegal, and as high as 30% are illegal when weighed
at various portable scale locanons" r :

Surely these are but only a few of the problems facmg the weight enforcement oommumty today. However,
wetgh-m -motion systems may be the answer to some of them.

Technologtcal advances have not led us to a pomt where it can be sald that weigh-in-motion is a sound
approach exclusively for weight enforcement purposes. It is, however, capable of obtaining gross weights
within + 5% for 95% of the vehicles and tandem weights within + 10% for 90% of the vehicles checked
in surveys. With these figures as a basis, it is thought by some that the only obstacle to enforcement use is
full acceptance by the judiciary.

For example, think back 20 years ago when "radar” was paramount for speed enforcement. The
scientific principle behind the development of police Doppler radar was proven as far back as the mid
1800’s. The principle has never changed, the applied technology has. Today, police academies, courts,
manufacturers, as well as the National Bureau of Standards teach, recognize and will admit that police traffic
radar devices and tuning forks are accurate to within + 1 mile per hour. Example: If a traffic radar device
indicates the speed of a vehicle traveling a true speed of 55 mph the resulting radar display could indicate

either 54, 55, or 56 mph. This is an acceptable deviation and is used successfully in the prosecution of traffic

offenders. The courts require that the officers be sufficiently trained in the set up, verification of calibration,
and use of the device. Landmark court decisions have ruled that the operator need not know the technical
or scientific aspects associated with the Doppler radar theory.

If'-weigh-«in-mmion is not acceptable in a court of law for overweight violations, then we could possible

~ explore a similar approach to that of radar. First, a nationally recognizable percentage of deviation should
- be established and efforts made to gain the confidence of the legal community nationwide as to WIM’s

accuracy. In so doing, the scientific principle and physical characteristics of WIM could be court tested. Until
that occurs, WIM will continue to be limited in enforcement applications.

As a screening device, its applications are still exciting. The bridge weigh-in-motion system will allow
hardware to fit easily in patrol units. The officer attaches a cable to a connection box and only upon
detection of a potential violation by WIM does the officer weigh the vehicle through the use of static
portable scales. Additionally, WIM is useful in estimating the scale avoidance or "by-pass" problem which
enables planners to structure enforcement programs that maximize the "halo effect”. This function is best
suited for covert setups.

A new area of WIM application has also surfaced. It can be utilized in "alerting” enforcement planners
of geographic locations where overweight vehicles are prevalent. For example: The Arkansas Highway Police
obtains data from 90 locations (30 per year) on a 3 year rotation. Selective Enforcement Projects (SEP) are
streamlined to improve efficiency in dealing with major overloadmg problems. that vary with industrial and
economic trends.

As I mentioned earlier, actual enforcement applications are currently limited, but WIM does increase
the probability of being weighed. It assists in establishing the three primary criteria when considering
voluntary compliance with size ‘and weight laws and regulations. Those criteria are:

1) The probability of being detected

2) The probability of being weighed

3)  The probability of paying a fine and/or off loading

203




Through technical studies and actual overweight violation staiistim, it has been determined that trucks

' traveling through Arkansas have a 20% possibility of being weighed while on a 500 mile interstate trip.

Weigh-in-motion could certainly increase this percentage. Coupled with the above criteria it creates, the
positive results of WIM, currently and in the future, are obvious.

In conclusion, let me assure those of you who are advocates of weigh-in-motion systems, as we in
Arkansas are, that as long as manufacturers keep manufacturing, trucks keep trucking, over loaders keep
overloading, and the Federal Government maintains its generous funding, WIM’s place in commercial vehicle
enforcement will be secure. i
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DESIGNING WEIGHT AND INSPECTION STATION
Captain A. F. Corbin, South Carolina Highway Patrol

South Carolina is embarking into a new era with commitment of new weight and inspection stations.
Our commitment will include new WIM systems at our four new facilities. A very important must is in the
selection of the right site to prevent by-passing. There is very little use for these weight and inspection
stations to monitor just legal vehicles while the perpetual violator can easily by-pass these stations. This is
very important to select a site that would be a natural barrier that would funnel all commercial vehicle
traffic into these weight and inspection stations. You will never be able to prevent some by-passing your
weight and inspection station, but in these situations portable WIM equipment, with cameras and alarm
systems to be activated when a over-weight vehicle tries to slip around the check point, and the use of roving
crews with portable wheel weighers will help to control this problem also. This is where the planning process
pays off, with the help of consultants, your engineering staff, and enforcement personnel to resolve problems,
to make these weight station workable and to eliminate the commercial vehicle over-loading problem.

In designing these facilities the projection for future expansion should be taken into consideration. The
entrance and exit ramps should be lengthened to the maximum to accommodate traffic so there will not be
any traffic backed up into traveled portion of highway. Also you must remember these entrance ramps
should have the maximum length for WIM system, so as not to have the vehicles being checked, 1o have to
stop and restart, as this will defeat your WIm system’s screening tool for identification of potentially
overweight vehicles. After the vehicles have been screened, a minimum of 800° should be maintained after
the vehicle leaves the system to the gore. Exit ramps should be lengthen to the maximum for vehicles to
accelerate back to highway speed to blend back into the highway smoothly. Another important factor is if
WIM system is to be used, concrete ramp is a must to insure that the WIM system will give accurate
readings. If asphalt is used for this application, it has a tendency to rut or roll up causing bumps. Wim
system has been used for years for the collection of axle loads data and is a screening tool for the

" identification. of potennally overweight vehicles. This technique (WIM) measures the mass of a vehicle,

wheel, axle by detecting the change in dynamic force which is applied by the vehicle. The slightest bump or
roll up will change the dynamic force causing a false reading from your WIM system, and your screening
would not be accurate. This is where using concrete throughout the facility would be very beneficial as well
as preventative maintenance as the vehicle leaking oil, gas, diesel fuel would penetrate asphalt causing
deterioration of same.

Lighting is very important to these facilities. Your entrance and exit ramps as well as static scale area
and parking or storing area should be well lighted. This makes for a better operation for your personnel as
well as for the truckers, also they can be directed properly, without unduly delays.

The personnel to man the weight and inspection station should be kept in mind when planning the
buildings, and their input should be sought. If they have a facility. they are proud of, you can expect better
performance, and good enforcement program will ensure. South Carolina is using the control tower format
for our four new facilities. This gives the operators a better over all control and view of the weight station.
They have eye contact of the over all physical plant, and can:detect any problem that might occur.

We recommend that when selecting WIM system and static scale purchases, you select the same vendor
for both projects. This is to ensure that both systems are compatible and the single vendor can render
service along with warranty.

We have prepared some slides of our new weight and inspection station. They include the plans,
drawing, of the building and pavement design.
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We in South Carolina are proud of the new state commitment to move in the new era of technology

of WIM system to better enforce all size and weight laws, and prevent overloading, and damage to our

~ highway system (which is the Sth largest in the U.S.) and bridges, because we are all in this together. If we
' can prevent this damage, then we all could enjoy a lower tax bill in the future.
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NEW STRATEGIES FOR STATEWIDE PROGRAMS
(VIRGINIA’S PERSPECTIVE)

R. M. Ketner, III, Permits and Truck Weight Manager Virginia D.O.T.

We all know the saying "If you don’t know where you are going you are not likely to get there". This
thought is applicabie to all of us in accomplishing both personal and professional goals.

While we may say, "we know where we are going"; knowing how to get there requlres study, money
and action before we embark ‘ ,

When I was asked to speak on the subject of "New Strategies for Statewide Programs" I expressed that
I did not feel that I was in a posrtron to tell you, "where you should be going and how to get there™

: Accordingly my comments are humbly offered for your mformatron with the hope that by sharing
Vrrgmla s experience, more efficient truck werghmg operations may. evolve wrthln your respective states.

Vrrgmla S program consists of 14 permanent welgh stations strateglcally located  throughout the state.
To supplement these permanent facilities, the state has deployed 10 mobile units to provide for the
enforcement of weigh laws in areas of the state where permanent scales are inappropriate and to monitor
bypass violations, see Exhibit 1.

In addition, we have a fully self-contained mobile WIM vehicle that can screen four lanes of traffic
and our highest volume permanent facility has been converted to a weigh-in-motion system which is being
used to screen vehlcles to determine whlch will be statrcally weighed and those which can continue on.

PROGRAM RESOURCES

© An effectlve program entails much more than the actual capability to weigh vehicles. In Virginia, the
success of our efforts are primarily related to the personnel. A total of 138 employees are drrectly engaged
in weighing activities on a full-time basis. In addition, there are 55 weight enforcement officers (Department
of State Police) enforcing the weighing laws at the permanent facilities and a minimum of 10 State Police
working wrth the mobﬂe units. (A summary of personnel is provided in Exhibit 2).

In addition to the personnel assrgned actual weighing duties and responsibilities, the state has a

full-time staff of 7 Central Office administrative employees and 5 scale repair and maintenance employees
responsible for mamtarnmg the accuracy and reliability of both permanent and portable scales.
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VIRGINIA DEPARTMENT OF TRANSPORTATION
PERMANENT WEIGH STATIONS

STATION

ROUTE
ALBERTA 85
ALDIE 50
BLAND 77
CARSON 95
DAHLGREN 301
DUMFRIES 95
FAIRFAX 66
HOLLINS 11

MIDDLETOWN 11
NEW CHURCH 13
SANDSTON 64
STEPHENS CITY 81
SUFFOLK 58
TROUTVILLE 81

TOWN
ALBERTA
ALDIE
BLAND
CARSON
DAHLGREN
TRIANGLE
FAIRFAX
HOLLINS
MIDDLETOWN
"TEMPERANCEVILLE
SANDSTON
STEPHENS CitY
SUFFOLK
TROUTVILLE

"OPERATED PART TIME BY MOBILE WEIGHING UNITS

WEIGH PARTY CHIEF
J. W. BURTON

J. E. MILLS, JR.

N. R. SUITS

W. L. HENDERSON

W. S. CORNELL

C. M. STAKEM

*

J. T. SHRIEVES
C.L. O'BRIEN
H. A. SHILEY
J. T. SOUTHERLAND, JR.
BILLY PIERCE ”

PHONE

804/949-7336

703/327-6938
703/688-4721
804/861-6565
703/663-2295

703/221-5344
703/830-8662
703/992-9486
703/869-9897
804/824-4115
804/737-1468
703/869-2833
804/539-0356
703/992-4291

949-9340

688-9842
732-9578

- 663-9974

221-9927
830-8969

824-8940

737-8979

869-9861
5399782
9929401

V1 LI9IHXd




¢ LI8IHXH

VIRGINIA DEPARTMENT OF TRANSPORTATION
MOBILE WEIGHING UNITS

WEIGH PARTY CHIEF CAR # MOBILE UNIT LOCATIONS

J. W. ALTHER 406 2 CULPEPER
J. D. BOWER 407 3 SALEM

S F. W. BRANTLEY 405 5 SUFFOLK
T. W. BURKETT 412 9 WYTHEVILLE
J. W. DAVIS 404 1 RICHMOND
W. T. FRYE, JR. - 410 7 LEESBURG
K. R. GRUBB 411 8 ABINGDON
M. C. HAND 413 o 10 LYNCHBURG
C. T. JONES 408 4 ABINGDON
H. L. KELLY 409 6 WISE
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SUMMARY OF PERSONNEL,
VEHICLES WEIGHED AND MEASURED AND CITATIONS ISSUED
PERSONNEL |
' Number of Department of Transportation personnel engaged in pcf;rtable scale weighing ... 31

| Number of Department of Transportation personnel engaged in weighing at permanent weigh
stations . ... ... i S e e e e ey 107

Number of Department of State Police personnel engaged in actual measurement of sizes and in
weighing at permanent welgh stations ............... et et i 55

Number of Department of State Police personnel engaged in actual measurement of sizes and in
weighing other than at permanent weigh stations’ . .............. ... ... 900

VEHICLES WEIGHED AND MEASURED

Number vehicles weighed 7-1-87 t0 6-30-88 ............... e aa, . 10,268,433
' Number vehicles measured 7-1-87 t0 6-30-88 . ............. L ettt e ear et e 19,202

CITATIONS FOR SIZE OR WEIGHT VIOLATIONS -

Number summonses issued for size violations 7-1-87 t0 6-30-88 ... ................ 4,080
Number summonses issued for weight violations 7-1-87 to 6-30-88 .......... e v 71,503
Central Office Personnel in the Truck Weighing Operatlons Sections are respon51ble for program
. scheduling, budgeting, planning and promulgating all matters related to policy and procedures. The
organizational arrangement of the Truck Weighing Operations Section is shown in Exhibit 3.

Equipment is also a necessity and a summary of that which is assigned to the weighing operation is
listed in Exhibit 4. i :

In order to achieve this level of success, Virginia directs a significant amount of resources to the
truck weight enforcement program. A breakdown of agency expenditures for FY 1987-88 follows:

Mobile Operations $1,503,709.29
Interstate Permanent Operations 2,426,586.14
Permanent Primary Operations 886.933.40

Subtotal $4,817,228.83

In addition, it should be noted that financial requirements associated with weighing activities by the
Department of State Police during FY 1987-88 were:

State Police $1,768,842.00
Subtotal 1,786,842.00

The total operatxonal expenditure for FY 1987-88 was: |
Total | $6,586,070.83
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EXHIBIT 4

- EQUIPMENT ASSIGNED TO WEIGHING OPERATIONS

Permanent Scales ‘ Number

Weigh-In- Motion - (Pat System)
Electronic - Dial Type (3-scale platforms each side) 3
Electronic - -Digital Readout (3-scale platforms each side)69
Total
: Portable Scales
Number
Haenni 100

Haenni WL 101
General Electrodynamic MDS00D & MD400
General Electrodynamic MD500B

Total

- Mobile Weigh-In-Motion Scales
(Streeter AMET systems)

‘ Motor Vehicles ,
Mobile Weigh-In-Motion Vehicle (35 foot Fleetwood Bounder)

Vans assigned to mobile units 11
Scale test truck , 1

Other 'Egui‘gmeht :
Air Jacks ' 3

Air Compressors

- Testing Equipment - Permanent Scales
: 19 - 1,000 Pound Weights
2 - 500 Pound Weights

- Testing Equipment - Portable Scales
1 - 1,000 Pound Weight
1 - 4,000 Pound Weight
3 - 5,000 Pound Weights
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TIMES AND DAYS OF OPERAAUHONS

Virginia has 8 permanent weighing stations in operatlon on khe state’s Interstate facilities. Of these,
6 are operated on a continuous schedule for 24 hours a day, 7 days a week and 2 are operated 24 hours a

| day, 5 days a week.

In addition, there are 6 permanent weighing stations strategically located on the state’s Primary System.
Of these, 3 are operated on a continuous basis, 2 are operated 24 hours a day, S days a week, and 1 is
operated on an irregular, periodic basis for a minimum of 8 hours.

The mobile units are assigned in a manner which covers the entire state according to State Police
areas. The mobile units are required to conduct weighing operations for at least 40 hours each week. The
crews usually work 8-hour shifts but the schedule is such that any 8-hour period of the day can be selected.
This method allows for the conduct of weighing activities at those times which coincide with the needs of

 a particular area. For example, in Southwest Virginia a good deal qf activity in the coal fields occurs during
 the early morning hours. Mobile crews, therefore, may conduct thq weighing from midnight, 12:00 A.M. to

8:00 A.M., in the effort to monitor this area.

To avoid any detectable routines, daily and weekly schedules can change and the hours of operation
may even be extended should the chief determine that vehicles are awaiting the end of the shift before
resuming haulmg activities.

" URBAN AREAS

It should be noted that the Weight Enforcement Program in Vlrglma is primarily designed to monitor
state highway facilities. Unfortunately overweight vehicles are alsq encountered in urban areas, as well as
on state facilities. Due to the autonomy of incorporated urban areas, this agency is limited in the manner

“in which commercial enforcement weighing can be provided to urban areas.

Since this is a recognized problem, this agency has made; mobile units available to assist local
governments in coordinating periodic weight enforcement programs In addition, it has been determined
through traffic analysis that many of the vehicles operating in violation of state law do not normally operate
exclusively within the confines of the corporate limits. In order to facilitate travel time, these vehicles will
utilize highways which are under Departmental jurisdiction and, therefore can be routinely monitored by
mobile units. It should be further noted that urban areas are prime pick-up/delivery areas which allow for
monitoring activities on entry and exit traffic by both permanent facilities and mobile units.

Many jurisdictions conduct local weight enforcement progranfs which are, upon request, provided with
training expertise and all scale certifications and testing by this agency. Virginia currently has 7 localities
(Norfolk, Virginia Beach, Chesapeake, Hampton, Newport News, Fairfax County and Richmond) operating

' autonomous programs. In addition, employees of the Virginia Department of Transportation have assisted

- Alexandria, Blacksburg, Roanoke and Portsmouth in setting up wexghmg programs.

BYPASSING PROBLEMS

The bypassing of permanent facilities has been recognized as a major problem since Virginia’s initial
attempts to monitor the weights of vehicles. To reduce the potentlal for bypassing, the Department of
Transportation, State Police and local enforcement agencies have developed numerous strategies which have
been quite effective.

Although these strategies are interrelated in that they focus on the same goal, each represents a unique

- mechanism for enforcement and should be identified as such. These primary strategies are as follows:
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The location of permanent facilities is of critical importance in preventing or making it more difficult
for truckers to bypass permanent facilities. Since our initial opening of weigh stations, a good deal of
time and effort has been directed at site selection. Initially, locations are selected based on traffic
volume and classification studies which assist engineers in identifying areas of need. From this data
-base, the site selection is further refined to insure that safety, accessibility and economic criteria are
met. In line with these selection parameters, the bypass potential is assessed in an attempt to make
it as unattractive as possible to circumvent the weigh station.

Virginia has attempted to cover the state as extensively as possible with permanent facilities as it is
through this type of installation that high volume routes can be most effectively monitored. As new
highways open to traffic and travel patterns shift, the Department has continued to maintain older
weighing facilities in order to retain bypass monitoring capabilities. For example, when the Troutville
‘Scales were opened on I-81 in Botetourt County, the older facility on Route 11 at Hollins was
retained. The same situation occurred on I-81 at Stephens City with Middletown being retained. This

- combination of monitoring capabilities on parallel routes makes it much more difficult to effectively

‘bypass the scales on the state’s highest volume routes.

‘The Virginia Department of State Police and local enforcement agency personnel utilize the permanent
weighing facilities to weigh vehicles presumed to be in excess of statutory weight limits. This is an
‘extremely effective deterrent as potential bypass routes are identified and with the cooperation of
enforcement personnel, vehicles are subject to being weighed as long as the weighing facility is within
10 road miles of the site. By utilizing local law enforcement personnel and State Police officers
patrolling routes other than those monitored directly by the permanent facilities, the impact of
weighing for a specific station actually covers a 10-road mile radius of the facility and encompasses the
most potentially accessible bypass routes. When combined with mobile crews monitoring CB radio
conversation of truckers and studies of commercial mix patterns in other areas, bypassing maneuvers
are extremely difficult although they still occur. Since Virginia has recognized this problem from the
inception of the program, a good deal of study and tests have been conducted and now, based on this
experience, the methodology in use is felt to be the most effective possible within current manpower
and resource constraints. It should be further noted that many of the State Police assigned an area of
the state where scales are located also possess keys to the stations and can take a trucker suspected
of being overweight to the scales and weigh the vehicle. This broadens the effectiveness of operations
as even when scales are not scheduled for operauon, weighing can snll be conducted.

The most 1mportant strategy for momtonng bypass routes is the coordination of the permanent weigh
stations and mobile operations. To deter vehicles from bypassing the permanent scales, the state has
10 mobile units comprised of 31 full time employees who are capable of setting up weighing operations
at any site which is deemed safe and level. The crews perform weighing activities on roads not serviced
by permanent facilities, as well as, monitor suspected or proven bypass routes. These activities are
conducted on a rotating schedule as the crews, with State Police cooperation, move into an area, weigh
until ‘their actions are identified through the truckers’ CB communication system, and then move on
to another site. This flexibility allows for special weighing programs to be conducted throughout the
year to determine the actual degree and impact of bypass movements. For example, one of the most
prevalent bypass problems is occurring in Botetourt County. Truckers attempt to avoid the I-81 scales
at Troutville by using Route 220A and/or Route 11 if the Hollins Scales are closed. To restrict this
type of evasive action, this agency will bring in a sufficient number of mobile unit employees to
operate the Hollins Scales and conduct weighing on Route 220A for 24 hours a day, 4 or 5 days at
a time. To facilitate weighing on Route 220A, a graded turnout with a 24-foot concrete pad has been
constructed which is lighted and provides a safe and efficient off- hlghway location for weighing.
Additional strategies include utilizing the newer type wheel load weigher in the State Police cruiser
with our mobile unit party chief riding with the trooper. The trooper then patrols the bypass routes,
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stops selected vehicles, calls the weigh crew to come in and weighs the vehicle. This strategy helps
offset the CB system of communication that has become too ipervasxve

The schedules for mobile operations are such that the crews \ork on a rotating shift basis. This work
schedule can, and does, change from day-to-day and occasionally includes weekends. This strategy is
to prevent potential overweights or truckers bypassing from ant;cxpatmg a set operating schedule. Those
permanent stations operating on a flexible time schedule are ‘also an effective deterrent.

In recognition of the bypass potential, this agency in association with the Department of State Police
has developed numerous additional strategies to identify bypass routes and effectively deter this type
of action. The routes being used to circumvent our permanént scales are monitored by agency and
enforcement personnel to help detect increased activity. Traffic volume counts and classification data
are reviewed for bypass activities, with the time periods contammg the heaviest movements referenced
for future weighing activities. Special weight-in-motion studies are also utilized to determine the impact
on commercial traffic mix when parallel permanent facilities are closed and the effects of bypass
maneuvers on suspected routes (times, days, etc.). These strakegles help to assure mobnle operations
work smarter instead of harder.

The entire truck weight enforcement program represents a continuing effort to counteract the ever
changing actions by truckers to avoid the state’s scales. Since the State of Virginia has a commitment
to enforce vehicle weight limits, this agency is constantly assessing the locations of the mobile units,
the number of mobile operations, the need for new permanexit weighing facilities and other measures
which allow our state to protect the sizeable investment in highways as effectively as possible.

1988-1995 Virginia’s Goals and Objectives:
(1) Establishment of two new mobile weigh station unit pos.fitions are planned in 1989.

(2) Advancement of plans. to replaée the 1-81 Troutviile, I-Si Stephen’s City and I-66 Fairfax weight
stations with a class A design model using Weight-In-Motion, a new control building, electronic
overheight detectors, inspection pits and a controversial?catch basin for leaking trucks.

3) Systematlcally upgrade older weight stations to include Welght -In-Motion devices and associated
buildings and facilities over the next six years based on the new class A design model.

(4) Build: new and upgrade some exlsUng mobile wexghmg turnout sxtes to facﬂnate expanded
operation by Mobile WIM station vehicles. ‘

(5) Push for mcreasmg liquidated damage penalties to contzemporary levels noting that the existing
law is now 33 years old. |

(6) Monitor data on overweight repeat offenders to determlhe if civil damages should be pursued by
the Attorney General based on Texas’s experience. Vlrgmla, like all states, will never be in the
financial position to operate programs of this nature at the ultimate level. Bypass routes could
virtually be eliminated in Virginia if a sizeable increase in mobile crews was po‘ssible However,
this unlimited type of operation is not feasible from an administrative or economic standpoint;
therefore, the Department will continue to strive for maximum utilization of e)ustmg facilities and
manpower to minimize the number of overweight vehicles in the state. This comprehensive
program is constantly assessed to insure the dollar expended returns the greatest possible benefit
to the state in terms of safety and protection of the investment in our highway system.
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Thank you for the opportunity to share Virginia’s experience and strategy in conducting statewide
Truck Weighing Operations.
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PLANNING FOR ENFORCEMENT OPERATIONS
' |

|
Captain Marsha Wiley, Wisconsin State Patrol

In 1985, FHWA approached the Wisconsin Department of Transportation concerliing a large scale

~ truck scale avoidance study. The purpose was to use WIM collected truck data in plannmg pavement design
| and weight enforcement.

"No data base had previously existed to estimate the scope and magnitude of the truck
overweight problem or to quantify the amount of scale avoidance activity that occurs when
enforcement and/or data collection weighing is in progress. Also while there is truck weight data
from weight enforcement records and from our many years §of loadometer studies, none of the
data met the need for long-term pavement performance evaluation on a project specific basis.

Given the short-term impracticality in collecting a nationwide sample of truck weight and
avoidance data, an alternative approach to developing the required estimation was needed. That
approach was to establish a statistically valid truck weight and diversion behavior data collection
plan, to illustrate the use of WIM-collected truck weight | data in pavement management in
Wisconsin, and to disseminate the results nationwide through the Federal Highway
Administration’s (FHWA) demonstration project on Wexgh-m-Mouon

In Wisconsin and across the nation, roads and bridges are designed to last for 20 and 50 years,
respectively, and to withstand the effects of weather, traffic, age, and deferred maintenance.

Projected traffic, especially truck traffic, is critical to the design and pavement management of these

roads and bridges.In the past, the estimation of the weights of tru¢ks in the normal traffic. stream has been
extremely difficult to accomplish.

As a result of the Federal Highway Administration’s (FHWA) strong cncouragement of the
development of weigh-in-motion (WIM)technology, many state DOTSs have WIM systems. With these WIM
systems states can begin to estimate the weights and frequency of trucks in the normal traffic stream. In
addition some WIM systems can calculate the 18 kip equivalent single axle load(ESALs) for each truck.

The WisDOT purchased its Bridge WIM system in 1983 and has since gathered its annual Truck
Weight Study (TWS) data under a statewide sampling plan using the Bridge WIM. As a result, it was the

only state in the nation with three years of truck weight study data collected via WIM technology under a
statewide sampling plan. |

Both the Wisconsin DOT and the FHWA were interested in finding answers to three important
questions regarding overweight trucks, scale avoidance, and pavement performance.

A. OVERWEIGHT TRUCKS

In Wisconsin it is known that State Patrol Inspectors annually cite approximately ten
thousand overweight trucks, but the following question was unanswered:
What is the scope and magnitude of the overweight truck problem in Wisconsin?

B. SCALE AVOIDANCE

In Wisconsin it is known that enforcement weigh stations are easily by-passé,d by truck
drivers, but the following question was unanswered:

What is the scope and magnitude of the avoidance of open enforcement scales by truck
drivers in Wisconsin? ‘
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~The third question relating to pavement performance will be addressed in other presentations.

Because of Wisconsin’s leadership in the area of truck weight studies the FHWA asked that WisDOT
go a step further and attempt to analyze the three problem areas of overweight trucks, scale avoidance and
pavement performance.

The intent of the FHWA was that WisDOT conduct a model study which may then be reviewed by
other state DOTs. This study may well have been the "largest” study of overweight trucks and scale
avoidance ever conducted in the United States.(The term largest here refers to data collection by WIM
equipment, sampling plans, and statewide data collection.) «

-The State of Wisconsin had conducted truck weight(loadometer) studies from the mid 1930’s to the

early 1980’s to document the characteristics of trucking operations and practices. Initially these studies were

conducted at a variety of permanent and portable locations on the rural State Trunk Highway (STH) system
throughout the state. By the latter1970’s the program had switched to permanent enforcement sites on the
rural Interstate and STH principal arterials in the southern one-third of the state.

A new program was deveIOped that spectﬁed coverage of seven functionally classified highway systems,
including urban as well as rural; statewide geographic random distribution of sites; temporal sampling of
days and nights, weekdays and weekends across all seasons; and a minimum sample size by truck category
to replace previous session criteria...all predicated on statistical rigor. A significant factor that allowed for
the development of this impmved program was FHWA'’s reduction of vehicle categories to a reasonable and

~workable set. The data ‘now is unobtrusively collected utilizing a Bridge Wergh-m-Motton (WIM) system,

predominately not in the proximity of permanent enforcement sites.

The new program was initiated in 1983 and continues today.It is intended to expand and establish a
valid trucking characteristics data base for each of the seven functional highway systems.

Today the intensity of trucking data needs is shifting from system-wide to highway segments and even
site specific in support of planning, cost allocation, pavement design, pavement management, research,
enforcement and numerous other administrative or operational purposes. With an adequate system base the
program empha51s can be shifted toward satisfaction of many of these program specific needs.

‘The -highway conﬁguratton around the Rusk scale offers truck dnvers one major by-pass road and
three secondary by-pass roads.

The Division of State Patrol estimated that between 35%and 43% of the westbound trucks on 1-94
avoid the Rusk scale

The WisDOT has been collecting annual Truck Wetght Study data at the I-94 Woodville site using the
Brtdge WIM equrpment for two of the past three years.

The Woodvﬂle BWIM site is approxrmately 22 miles west of the Rusk scale location. Therefore, the
past data collected at Woodville will be avatlable for analysis and comparison to the data collected at and
around the Rusk scale ‘

The Rusk scale facility is a brand new low speed weigh-in-motion (WIM) scale facility built in 1985
at a cost of over$600,000. The new facility was built at the same location as the old facility. It stands
alongsade the road and wetghs westbound [-94 trucks only

The followmg is a list of facts 1mportant to Rusk
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: « It has been projected that Rusk will weigh over 200,000 trucks for the third highest total in the
| state. Only the Racine scale (290,000 trucks) and the Kenosha scale (260,000 trucks) located on
the Chicago-Milwaukee 1-94 corridor will weigh more trucks The Racine and Kenosha scales are
not weigh-in-motion facilities.

 Rusk wcighs an average of 64 trucks pcr open scale houj'.

. ‘Approiimately 1.6% 6f the weighed trucks receive citaticns (2,400 citations).

« . Approximately 0.8% of the weighed trucks receive oveflcad citations (1,20 citatibns).
. Apprommately 50% of the citations are weight related.

«  The average group axie ovcrload is 1,800 pounds and the average license overload is
5,600 pounds. |

The Rusk scale utilizes a Streeter Richardson low speed(S mph) weigh-in-motion system. With the flip
~of a switch, the WIM platform becomes a static weigh scale. A computenzed signal light directs possible
| overwenght trucks to pull around and be static weighed. ; ‘

i The Rusk WIM prcscnted two advantages to the scale avmdancc project. First, the WIM system
‘records the classification, the axle spacing and the axle weights of each truck weighed. It is also to calculate
ithe ESALs for each axle,group axle combination. Therefore, whcn the scale was open in the research
experiment, there will be a truck record for each truck across the $cale This data base can be analyzed as
| part of the experiment. |

Secondly, because the WIM enables trucks to be weighed fastcr, the scale was then open to the entire
! expenmcntal phase as called for. When the scale is open, truck dmvers will not be able to drive past the
scale.

In addmon, the WIM scale also prowdes a benefit to the truck driver in that with a WIM scale the
driver passes through the scale facility more quickly. ‘

} As part of the WisDOT Bridge WIM. (Weigh-in-Motion) FHWA Rural Transportation Assistance
Program (RTAP) demonstration project, the DB&B collected truck weight data at four sites to estimate the

‘ percentage of gross overloads.

At each site data was gathered for the Monday through Thursday period one shift per day. For
Monday and Tuesday'normal” traffic data was gathered; ie., there were no inspectors or enforcement
_presence.

The five axle combination truck with single trailer (SA-ST)was the most prevalent truck type on
Wisconsin major highways.It accounts for 64% of all trucks weighed by WisDOT utilizing Bridge
Weigh-in-Motion (BWIM) equipment between 1983 and 1985,(71% on the Rural Interstate) and produces
greater than 80% of the attendant truck related Eighteen Kip Equivalent Single Axle Loads (ESALs). Based
~on these findings it was decided to limit the scope of this study to the SA-ST. WisDOT collects data based
on seven highway systems: Urban Interstate (UI); Rural Interstate (RI), Rural Interstate (RI); Urban State
Trunk Principal Arterial (USTPA); Rural State Trunk Principal Arterial (RSTPA); Urban State Trunk
Minor Arterial (USTMA);Rural State Trunk Minor Arterial (RSTMA), and County Trunk Highway Major
Collector (CTHMC). For the study, data was collected on the Rural Interstate and Rural State Trunk
Principal Arterials.
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The original design of this study called for the analysis of regularly collected: truck weight study data
(basic data)followed by the data findings for repeatability at a new site.The test site chosen was located on
the Rural Interstate on 1-90/94 approximately two miles east of the USH 12 interchange at Wisconsin Dells.
This site was chosen since trucks are directed by highway signs into the inside lanes of the four lane divided
highway thus allowing the collection of data on the majority of trucks traveling in either direction through
the-use of one Pad Wergh-m Motion (PWIM) system located m the median and connected to pads in the
opposing inside lanes.” - .

Although not part of this study’s design, data were collected at six sites located on STH 29 and USH
45 on the RSTPA as part of a unrelated specral study in 1987. All data collected in 1987 were collected for
a minimum 48 hours.

Basic data, collected from 1983 through 1986, primarily consisted of data collected between the hours
of 6:00 A.M. and6:00 P.M. on weekdays during the months of May through October.At one control station
on each of seven highway systems data were also collected between 6:00 P.M. and 1:00 A.M. once per
collection cycle (every other year) and one weekend day per collection cycle. Up to three additional weekday
day sessions per cycle were conducted at these stations to create a base for seasonal compansons

The ma]or by-pass route (H29W) was momtored by portable high speed WIM (PWIM) equipment.
Secondary by-pass routes were monitored by counter/classifiers since additional WIM equipment was not
available: High speed PWIM equipment was also situated on the mainline (I-94) one mile east of the Rusk
scale and it recorded all traffic and weights from both westbound lanes. Additionally, high speed bridge
WIM (BWIM)equipment was located 27.5 west of the scale on the mainline near Woodville. The experiment
was designed so that the BWIM site would capture the volume and weight of some of the trucks returning
to the mainline after diverting around the scale.Low speed permanent WIM equipment weighed trucks at
the Rusk scale so that three different types of WIM equipment were used and results cross-compared

Foster, Grandma’s, and [-94 Rest were rest stops monitored by personnel in automobiles (cruisers or
runners) who tabulated the number and type of trucks on a regular schedule. The aim here was to quantify
time avoidance, i.e., the number and percentage of trucks waiting it out for the scale to close.So, both
geographical based and time based avoidance were quantified.

This study may well be the largest study of overweight trucks and scale avoidance ever conducted in
the U.S. Nearly60,000 trucks were monitored over 248 study hours during October 1986. October was
selected because 1985 westbound vehicle count data on [-94 at Hersey, Wisconsin (Iocated between Rusk
scale and Woodville (BWIM) showed May, April,December, and October, in that order, to be the months
most representative of annual average monthly traffic (ratios were1.04, .94, .93, and 1.08 to annual average
monthly trafﬁc,respectlvely) December and April were eliminated because portable WIM equrpment is not
operable in snow and cold and logistics and timing requrrements precluded May. Weekly traffic variations
during four weeks of October 1985 at Hersey showed ratios to annual average weekly traffic of 1.02, 1.00,
97, and 94 for both westbound and eastbound data (separate westbound data is not avarlable)

Begmmng October 7 1986 the same time frame was' momtored for three consecutive weeks: from
Tuesday at 9:00A.M. through Friday at 9:00 AM. or 72 continuous hours. During the fourth week, 32
consecutive hours were monitored from 9:00 A.M. Tuesday, October 28, 1986, through 5:00 P.M.,Wednesday,
October 29, 1986. Less ‘monitoring was done during the fourth week since this was a highly labor
intensive,maximum, allowable effort. From statewide truck volume patters(all road types combined), Tuesday

- Thursday were most. average in terms of traffic with the hlgh truck traffic on Frrdays and the low on
weekends.
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Experienced state police officers who are responsible for statewlde truck size and weight enforcement

programs know that heavy truck drivers by-pass open enforcement scales
1

The State of Wisconsin owns 21 permanent'enforccment scale fac1htles located on interstate, U.S., and
state highways. Each scale can be, and easily is, avoided by heavy trucks.

The Division of State Patrol, within the Wisconsin Departmeht of Transportation is r&sponsible for
motor carrier enforcement (MCE) and Patrol officers conduct appmxlmately 98%of all the MCE in the
state. i

' The major heavy truck traffic corridors in Wlsconsm are three interstate highways: 1-90, I-94, and 1-43.
There are ten secondary truck corridors: the east-west corridors are US-2, US-8, US-10, and US-14; and the
north-south corridors are: US-41, US-141, US-51, US-151, US-53, and USs-63.

Traffic volume varied by time of day, day of week, and month of year.
Truck Traffic by Time of Day

One peak traffic period is 8:00 A.M 5:00 P.M. and contams approximately 53% of the total
daily truck traffic.

Another peak traffic period is 6:00 A.M 6:00 P.M. and contams approxunately 68% of the total
daily truck traffic.

S
e

Another peak traffic period is 5:00 A.M 11:00 P.M. and contams approximately 88% of the total
daily truck traffic.

Truck Traffic by Day of Week

The Monday through Friday penod contams approxlmately 85% of the total weekly truck traffic
flow.

The peak days are Wednesday (28%) and Monday (18%) which, when combined, comprise 46%
of the total weekly truck traffic.

,Truck Traffic by Month of Year
May through September (five months) is the peak truck traffic period.

The experiment was set up in four phases whereby each cansecutlve week different and increased
enforcement scenarios were tested for impacts on truck volume, overwelght trucks, and ESALs as follows:

|,

Phase 1: Scale closed. Base case. Normal traffic monitored at all locations and number of trucks at rest
stops monitored without any enforcement presence for 72 continuous hours.

Phase 2: Scale open for 48 continuous hours. Except for the extended hours, this was a normal
enforcement activity within the realm of current enforcement capability. Traffic at locations
other than Rusk was monitored for the same 48 hours plus an additional 24 hours to
determine patterns of traffic normalization after scale closure. Number of trucks at rest stops
was monitored for 72 hours to quantify time avoidance.

o,
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Hypothesis: 30% or more of truck drivers will avoid the scale Most of the avoidance will
be geographical based avoidance on the major by-pass with some avoidance on the
secondary by-passes. The rest of the avoidance will be time based.

Phase 3: Scale Open with wing. Enforcement and measurement as in Phase 2 with additional patrol
of the major by-pass route (H29W). Again, except for the extended time period, this was a
normal enforcement activity within the realm of current enforcement capability.

Hypotheéis: 30% or more of truck drivers will avoid the scale. Truck traffic will decrease
on the major by-pass and appear on the secondary by-passes. Time based avoidance will
increase.

Phase 4: Scale open with wing emphasis. Scale open for eight hours with a large number of inspectors
- patrolling the major and secondary by-passes. An exception here was that the secondary
by-pass [-90 was not patrolled. Reason: It was expected this would create diversion beyond
the study area and therefore beyond measurement. Moreover, personnel and equipment
requirements beyond capabilities and safety considerations for such a high volume
-enforcement activity precluded an [-90 effort. Phase 4 was a one-time, all-out enforcement
effort at the scale and at by-pass routes designed to test the upper limits of enforcement. It
is far beyond the present Wisconsin enforcement capabilities for staffing, resources, and
funding. Data was collected at all points other than the Rusk scale for an additional 24 hours

- to test traffic normalrzauon time frames and patterns.

Hypothesis: 30% or more of the truck drrvers will avoid the scale. Truck traffic on the
- major and secondary by-passes will decrease and time-based avoidance will be very high.

~ Wisconsin has two permanent scales equipped with WIM. The Rusk scale located on I-94 near
Menomonee and the Coloma scale located on Highway 51, south of Stevens Point. The Coloma scale is a
median one. In addition, Wisconsin has purchased 72 portable wheel weighers. These have been distributed
throughout the state

* Wisconsin also has two Lodec scales. The Lodec operation indicates that 9% or more of the loaded
trucks are overloaded but the permanent scales do not record this high an overload level. The highways
Lodec operations cover are no different than permanent scale highways. Therefore, the overloaded trucks
must be avoiding the permanem scale on a regular basis.

In fact the first hour or so a Lodec scale is open, the Patrol’s professronal estimate is that
approxxmately 20% of the loaded trucks crossing the scale are overloaded. Note: This is an opinion.

- An experrenced Lodec crew may get four or five hours of Lodec werghmg out of an erght hour shift.
The truck traffic is heavy for the first hour or so of the weighing and then declines throughout the
remammg three or four hours

The overloads are very frequent the first hour or so and then drop to almost none.
The conclusion, of course, is that the first hour or so of Lodec operation is probably more
representatrve of the size of the overloaded truck problem in the traffic stream than any other statistic. In

addition, truckers who are listening to their CB radios will be able to by-pass the Lodec as soon as it is
open. ‘ ‘
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| The Division of State Patrol’s position is that yes, heavy truck drivers by-pass open enforcement scales.
Within a few minutes of the opening of an enforcement scale, truckers relay to other truckers via CB radios

| that the scale is open. The same relay takes place when the scale closes

In many instances, the truck drivers avoid the scales by takmg by-pass routes. In other instances, the

~ drivers avoid the scales by waiting at truck stops or rest areas until the scales close.

The study indicated that on the rural interstate, 69% of the vﬁ'olators were the "box" type semi-tractor
and trailers while on the rural state trunk principal artenals, those box type units were 36% of the violators,
on the rural state trunk principal arterials. |

CONCLUSION:

Because permanent scale operations only find 1% of thé loaded trucks overloaded and Lodec
operations find 10% over-loaded (an estimated 20% overloaded dunng the first hour or so) it is apparent

- that substantial overloaded truck traffic avoids permanent scale facllmes

At the four experimental Bridge WIM sites 14% to 55% of the loaded semi trucks in the "normal"
truck traffic stream were potentlal gross overloads; i.e., statlstlcally the trucks may weigh over 80,000 pounds.

At the Portage site as soon as inspectors began to conduct weight enforcement, the percent of loaded
semis that were potential gross overloads dropped from 19% to 5% to 0% within hours. The extremely
heavy trucks avoided the area as soon as enforcement began.

In absolute terms. of the 15% avoiding truckers off the 1-94 mainline, 5.2% geographically avoided on
the by-pass routes monitored (2.5% on the major by-pass route), 3.4% time avoided,1% showed up at
BWIM around the scale via by-pass routes or routes unknown, and 5.6% were unaccounted for, i.e., they

. avoided on unmonitored routes or waited it out at unmonitored pomts

During 48 continuous hours of scale operation and welght‘ enforcement in Phase 2, truck volume

 declined 15% on the 1-94mainline from Phase 1 when there wa§ no enforcement presence;3S-2 volume
- declined even more: 18%. |

While mainline truck traffic was declining, traffic on the majdr by-pass route (H29W) was up 32% for
all trucks and up 82%for 3S-2s. This is one measure of scale dwersnon although reasons for avoidance (i.e.,

| weight, safety, etc.) are unknown

Diversion was greatest at the by-pass routes closest to the sbale Besides the 82% 3S-2 diversion on
the major escape route (3 miles from the scale), HIOW (approx. 20 miles away)incurred a 68% increase in
38-2 volume, H64W (30 mlles away) a58% mcrease, whereas I-90 (80 mlles distant) showed only a
3%increase. :

There were 18% more trucks at the 3 rest stops (RESTOPS)momtored 1nd1cat1ng the extent of time
avoidance or truckers waiting for the scale to close. :

Diversion was generally more pronounced for 3S-2s and occurred most frequently dunng evemngs 6]
PM - 12:59 AM) on the by-pass routes and at the rest stops. :

Adding a wing patrol to the major by-pass route caused ovemelght trucks to leave mainline 1-94 in

droves. In reality, however, since it was the third consecutive week of the truck weighing experiment and
truckers, especially regular travelers may have therefore been more apt to be legal.
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‘Regardless, overweight truckers likely left the mainline to a larger extent than Phase 2. Significant
diversion occurred to the most distant I-90 secondary by-pass route.Most overwelght truckers opted against
mamlme 1-94 durmg evemng hours :

Overweight 3S-2s reappeared around the scale at BWIM Most: drverted during daytlme hours and other
figures show they diverted quickly, during the first eight hours. They may have passed the word back to 1-94
where overweight trucks didn’t fail off until evening. In other words, there occurred a diversion lag time.

ubsequent dlverters apparently dldnt get to BWIM to the same extent as those in the first eight hours.

- The State of Wlsconsm has created statutes whlch allow- umber, refuse, and milk haulers to carry more
per ‘axle weight on highways other than the interstate. As'a result, the weights and excess ESALS could be
higher on those highways, but the transportatlon of those commodmes in excess of "legal limits"is accepted
under current law : : : .

The msngatlon of the Motor Carrier Safety Assistance Program (MCSAP) and the presence of
MCSAP inspectors at the interstate scale have created another reason for trucks to by-pass the scale. While
some of these may be overwelght the ma]onty have equlpmem or logbook violations which they do not
want detected. SAREER

Initial findings of the Scale Avoidance Study showed there were more violations on the by-pass routes
than at the interstate scales. Yet, there were still violations occurring at the open scales. Mainly overweight.
This would indicate the apparent need for coordinated enforcement efforts at both the scale and on the
by-pass routes.

Scale avoidance was found to range 15%-18% by truck volume,6%-34% by overweight trucks, and
14%-26% by ESAL’s (the engineering standard unit for pavement wear) depending on the enforcement
configuration in place.

Of the 15%-18% avoidance by truck volume, 5%-11% was geographical, 3%-5% was time based (i.e.,
waiting at rest stops for the scale to close) and 4%-6% was unknown, (i.e., it could have been geographical
or time based at points beyond our monitoring stations).

On eight-hour instead of 48, all enforcement effort at the scale and at every by-pass route (except 1-90)
designed to test the upper limits of enforcement created trucker confusion and unusual truck volume
patterns.

Volume on the major by-pass route was half of base case for all trucks and signifying that a heavy
patrol presence diverted truckers to by-pass routes they thought less known to the patrol.

It appears that truckers took to the more distant by-pass routes to hopefully avoid the wing emphasis
as traffic volume ratios were highest for 1-90, H10W, and H64W for all trucks.It is felt that some truckers

- used unpatrolled by-pass routes,even beyond the catch-all BWIM site beyond the scale where volume was

9% lower.

The wing emphasis caused little time avoidance at rest stops. Perhaps with all the inspectors around,
truckers felt rest areas would be checked too.

Such a continued effort would require the use of certified portable wheel weighers. The Lodec and the
permanent scale.The Division of State Patrol could use printouts from the BWIM studies showing location,
time of day, and day of week data.That would enable the State Patrol to more effectively schedule its
personnel. It would also give a statewide as well as a local picture of the problem.
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Additionally, a future modification of the State Patrol's weig t enforcement program would be to use p
groups of size and weight inspectors as well as troopers in order to have the manpower necessary to N
‘adequately staff the scales and by-pass routes. A statewide coordmdted effort during a given period of time S

_is another consideration, For example, having a detail in the Eau Clalre area could coincide with a detail
'in the Tomah - La Crosse area to cut off the use of 1-90 as a by-pass when the Rusk scale is open.

o When such weight enforcement efforts are considered, one needs to look at the overwelght trucks on
highways other than the interstate. As stated previously, much of the overweight may be legal due to state
statutes. If that is the case, even though there is damage to the pavement enforcement efforts would not

- be the answer. Enforcement can ensure that those haulers given speélal exemptions remain legal within their
allowances Since the data for this study were collected during summer months, the study does not address

" seasonal weight limitation laws (i.e., spring thaw) which may or may not impact local enforcement efforts.

It appears as if the State Patrol may need to prioritize the areas/types of highways where enforcement

efforts are needed based on WIM data. Requirements of the federal government would put the interstate

 system first followed by U.S.numbered highways, then state trunk | hxghways, followed by county trunk and
town roads.

Jemmmem | HEEVE

In final ooncluswns itis of vital interest not only where the worst violations occur, but also which type
of highway is most adversely affected.
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- WEIGH AND INSPECTION STATION DESIGN ST. CROIX WEIGH SCALE LAKELAND, MN

Calvin D. Karl, Sergent, Minnesota State Patrol
PROXIMITY OF SCALE

The St. Croix weigh scale is situated on a main access artery to the twin city metropolitan area. This
artery carries the highest truck traffic count in the state of minnesota. The éntrance to the scale is adjacent
to a state highway entrance to the freeway. These two factors necessitated designing a weigh system capable

of handling the truck oount in a normal scale operatlon as well as assuring that scale traffic would not back -

up onto the freeway.
PURPOSE OF WIM

A WIM was incorporated into the scale design to serve as a sorter scale and to provide preliminary
data to the scale operator. Coupled with axle sensors, off scale detectors, over height detectors, and loops,
the wim bccomes the focal point governing the systems operation.

HOW THE WIM WORKS
As a truck passes over the wim, the following characteristics of the truck are determined:

Speed ,
Axle spacing
- Axle weights
Gross weight
Vehicle classification
Bridge formula violations

O R

alSo determined at this time are violations due to tailgating, missed scale, over height, and off scale.

Data collected is then fed into a computer and, based on that data, the computer directs the truck
through the weigh scale by means of traffic signals. If a truck does not meet established criteria, it is
directed to the by- pass lane and back out onto the freeway. If the information gathered by the wim meets
certam cmena, the truck is sent to one of the two static scale lanes for observation at the scale house.

When the truck arrives on the static scale at the scale house, the information previously gathered on
the truck is presented on a video screen in front of the scale console operator This screen display tells the
operator:

Date and time

Report flags

Speed

Gross weight

Total length (first to last axle)
Number of axles
Classification of vehicle

Axle weights

Three heaviest axles or groups of axles (legal
or o.W.)

10. Tandem or tridem weights

11. Axle spacings

VRN RN
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. of the truck thereby decreasing the needed observation time.

this preview of the truck assists the operator in obtaining an overall picture of the size-weight-load aspects

An error in crossing the wim such as too slow, excessive speed change, off scale, or following too close

- will cause the truck to be routed to the static scales. The mformauon fed to the operator will include these

errors in the form of report ﬂags

The somng of trucks. is based on thr&holds fed into the computer by the operator. The weight

~ threshold is set to the desired percentage of maximum legal weight for the truck configurations. The safety
~ threshold is set to the percentage of trucks desired to be brought to the static lanes for observation of

possible safety and/or driver violations. The computer randomly selects this percentage from those that
would normally be directed to the by-pass lane and redirects them to the static lanes.

The computer tracks all trucks as they progress through the facrhty by means of loops in the various
lanes. By the same means, the computer also knows when the scalc lanes are full and redlrects all traffic to
the by-pass lane eliminating a back-up onto the freeway.

ACCURACY OF THE WIM

Historically, wim weights have been subject to a percentage of error. The wim used in this
configuration produces extremely close weights consistently because the wim and static scales are cross
checked. If the wim is off at all, the computer parameters are adjusted to compensate for the error.
Similarly, axle spacings are likewise checked and may be adjusted. These two factors are important for both
the day-to-day operation and the integrity of cumulative data.

ADVANTAGES OF WIM

The existence of a wim in the scale operation gives a deﬁmte advantage to data gathering. In this case,
a simple truck count can be broken down into number per hour, number per hour by vehicle classification,
speed, length, suspected over weights, suspected over heights, etc... Most of this mformatlon is retained in
the computer for at least one year. ;

There are other facets that reduce the truckers time spent. going through the weigh scale but no other
single component allows a "look" at every truck that comes in, whether it is physically observed or not. The
highly automated system at the st. Croix scale is designed to handle 5000 plus trucks per day and should
easily meet that criteria. ‘
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THE METAMORPHOSIS OF WEIGHT ENFORCEMENT STRATEGIES IN OREGON
Milan Krukarl and Ken Evert?
L INTRODUCTION
Li’key anything else, people and conditions change. This is the natural order of life. Weight enforcement
is no exception, and in Oregon weight enforcement strategies have evolved over the years to reflect the
changmg economy, hxghway infrastructure, personnel, and technology. An efficient and effective weight
enforcement program requires that it meets current conditions and is structured to meet future needs.

II. . PURPOSE OF PAPER

The purpose of this paper is to examine Oregon’s weight enforcement strategies in the light of past
and current requirements, and to describe strategies to meet future needs and technology.

III. HISTORY OF WEIGHMASTERS

The motto of the Weighmasters Unit is "Weigh the load and save the road". This philosophy governs

the tasks, responsibilities, and actions of the unit and is their raison d’etre. Additional duties such as truck

safety inspection have also been given to the weighmasters.

Early in Oregon’s highway program, it was recognized that roads needed protection from excessively
loaded truck axles and gross weight. In 1921, a weighmasters unit was formed within the Highway
Department to enforce truck weights. “This continued until 1931 when the weight responsibilities were
transferred to the Oregon State Police. The reasons for this change-over are rather obscure but, because of
the depression, a perceived need to consolidate enforcement duties may have been the rationale.

In 1941, the weight enforcement responsnbxhty was returned to the Highway Department, as it was
generally perceived that the State Police had other, more pressing, responsibilities. This reasoning was valid,
since the Oregon State Police had been given full police powers to enforce all laws of the state, and it was
becoming apparent that a highly specialized group was needed to administer weight enforcement laws.

To. this end, the State Highway Engmeer, in 1941, hired a Chief Weighmaster and 20 Weighmasters.
The Weighmasters were sent to various parts of the state for temporary tours of duty. They were paid
$135.00 a, month and there was no expense allowance for travel.

Facilities consisted of 34 statlonary scales located throughout the state and ten sets of vintage Black
and Decker portable scales transferred from the State Police. During the first half of the 1940’s, only log
trucks were welghed and no citations were 1ssued

After World War II, the number of Weighmasters was increased to 40. Data collection became a part
of their duties. Punch cards were coded for each truck weighed. In 1947, enforcement was extended to trucks
having commodities other than logs.

Transportation Economist, Economic Services Unit, Planning Section, State Highway Division, Oregon
Department of Transportation, Salem, Oregon.

- Assistant Chief Weighmaster, Weighmasters Unit, Permits and Weighmasters Section, State Highway
Division, Oregon Department of Transportation, Salem, Oregon.
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The decade of the ’50’s was the greatest time of employment growth. The number of field
Weighmasters rose to 81 in 1957 after a truck combination stuck in the pavement in eastern Oregon
catching the attention of a Legislative Committee. Also, during ‘khis period, the Weighmasters were given
the authority to issue a Uniform Traffic Citation and to make arrests for violations of size and weight laws,

From the 20 weighmasters hired in 1941, the number has grown to 124 people today, of which 116
are field personnel, and the remainder support staff. The annual budget has risen from less than $100,000
in 1941 to approximately $4 million a year. Weighmasters now operate four ports-of-entry (a fifth is under
construction and one more is planned). There are 62 permanent weigh stations. Seventy portable scales are
used along with five semi-portable type scales used in pits. i '

Since 1941, the Highway Department had weight enforcement responsibilities through their
Weighmaster Unit under the Maintenance Section. In 1986, the Weighmasters Unit was consolidated into
the new Permits and Weighmasters Section, under the Operations Branch of the Highway Division. Funding
of the Weighmasters Unit comes from highway user revenues. | 3

IV. WEIGHT ENFORCEMENT STRATEGIES t
A Past Strategies: 1921-1975 |
1. 1921-1945 |

Past weight enforcement strategies were related tb Oregon’s economy. The economy before

the second world war was principally rural, highly dependent upon timber and agriculture.

Enforcement strategy was to protect the roads from log trucks. f
Portable scales were used to weigh the log trucks. The truck axies were jacked and then
lowered on the scales, a slow and dangerous procedure. The enforcement strategy was to be

flexible to meet the changing seasonal nature of the timber industry. During this period, only
log trucks were weighed and no citations were issued, nor was any data ¢ollected.

2. 1945-1960 ?
Weight enforcement strategies continued to be bafsed on Oregon’s rural economy, timber and
agriculture. During this period, the majority of the permanent weigh stations were installed
(Figure 1). Their locations were based on timber haulage to the local mills, and most were
located between the timber supply and the mill, outside town boundaries. As the towns grew,
they encompassed the weigh stations. Complaints about trucks being weighed in town became
common. ! |

Portable hydraulic cam scales were employcd§ until the ’50’s when Black and Decker
loadometer scales were introduced. During the *50’s, the use of portable scales in conjunction
with the fixed scales became commonplace. ‘
3. 1960-1975

The diversification of Oregon’s economy, along v}vith the construction of freeways, broadened
weight enforcement duties and responsibilities. Although weighing of log trucks and
agricultural produce trucks continued, weighingsg of other commercial trucks increased.
Protection of the interstate system became increasingly important as those routes became the
main throughways. The collection and audit of weight-distance taxes became increasingly
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important as the number of trucks grew rapidly. By the mid-’60’s, data collection became part
~ of the weighmaster responsibilities. Truck weight data collection for PUC tax audits were now
- routine. Prtor to thts the only stausttcs collected were on citations.

The equipment for weight enforcement and data- collectton remamcd unchanged from the

’50’s: Black and Decker portable scales and fixed platform scales at weigh stations.

B. Present Strategtes 1975 1990

“Oregon s economy conttnued to boom unttl the begmmng of the ’80’s when the timber industry

was hit hard by the recession. Recovery was slow. The decline in the: trucking industry and heavy

‘vehicle ‘miles of travel reflected the ups and downs of Oregons economy

Technology was the prime mover in changing weight enforcement strategtes during this period,
Development of the electronic scale, semiportable scales, low-profile wheel weighers, ports-of-entry
(POE), enforcement with data collection duties, the introduction of weigh-in- motion (WIM)

- ‘equipment such as the medium-speed WIM sorter, high-speed data collection WIM, and bridge
‘'WIM system, automatic vehicle identification (AVI) and the automation of POE’s are all a part

of the technological revolution. In addition, a new attitude of cooperation and mutual respect was
encouraged and promoted by the weighmasters and trucking industry representatives. This may
have influenced the 1980 Oregon State Legislature to give the weighmasters the duty of enforcing

truck safety

L Development of Electronic Scale

"I‘he development of a reliable load cell and digital readouts allowed the weighmasters to
convert their fixed platform scales to the more reliable and rapid weight readings made
possible by the new equipment. This increased the productivity of personnel.

2. Semi-Portable Scales

In 1983 the Welghmasters obtamed ﬁve seml-portable Scales to supplement the permanent
- weigh stations. These scales are easy to ‘place, able to weigh trucks more quickly and .

accurately than ‘conventional portable scales. They are ideal for monitoring truck traffic in
© special srtuattons where the equipment can be ‘'used flush with the road surface.

3. Low-Profile Wheel Wetghers

In 1983, the weighmasters obtained General Electrodynamtcs Corporation MD 500 portable
scales to replace the Black and Decker loadometers. These are light weight, and lower profile,
thus safer Unfortunately, these scales are not as durable as the Black and Decker portables.

4. -Ports—ofaEntry Concept

: Begmmng in 1975, ports-of-entry were developed. They are jointly operated by weighmasters
and PUC. A port-of-entry provides a single location where all services relating to motor
carriers entering the state are provided. This broad  coverage increases the probability that
most truckers are in compliance with all the size/weight and safety laws of the state. The first
POE was built at Ashland on I-5 northbound in 1975. Farewell Bend on 1-84 westbound was
added in 1977, Klamath Falls on U.S. 97 in 1979, and Woodburn I-5 southbound was opened
in- 1986. Other POE’s are scheduled to be built in Cascade Locks on [-84 eastbound and at
Umatilla on I-82 southbound in the near future.
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POE’s are operated 24 hours a day, 363 days a year. The new POE’s will be automated
similar to Woodburn Southbound POE, and each will have an all weather inspection building.
All existing POE’s will eventually be retrofitted vtlth WIM sorters, AVI systems, and
supervising system computers. ]

Enforcement and Data Collection ‘

With the advent of POE’s, data collection became an increasingly important f funcuon of the
weighmasters. Data collection is now viewed as an integral part of weight enforcement. Data
is collected for highway planning, design, and tax auditing purposes. Weight records are now
kept on each individual vehicle. These records are avaﬂabie for use by the vanous highway
sections and by PUC.

Introduction of New Technology

In 1984, electronic technology ushered in the new era in Oregon’s weighing pfogtam. During
this year, a high speed WIM data collection system, a WIM sorter system, a portable WIM
system, and AVI systems were installed at test sites on Oregon highways.

i. High-Speed Data Collection WIM Systems

Two CMI-Dynamics hlgh-speed WIM scales were installed in both lanes on I-5
northbound, milepost 245.5 in February 1984. Th:s system is still in operation with
minimal downtime and has weighed over 27 mﬂhon vehicles. The data has been used by
weighmasters for scheduling purposes for some of the weigh stations, and to check
overloads and peak traffic. The data is also used for planning and demgn purposes.

ii. Medium Speed WIM Sorter

" The first medium-speed WIM sorter was installed at the Woodburn weigh station on I-5
northbound, milepost 273.8 in March 1984. 'mus is also a CMI-Dynamics WIM. In
January 1987, another CMI-Dynamics WIM was installed at the new Woodburn
southbound port-of-entry on I-5 at milepost 274.5. These systems allow legal weight
trucks to bypass the static platform scales. This reduces the number of vehicles weighed
and improves safety by reducing the back-up of vehicles waiting to get to the scales.

ili. Portable WIM System

In January 1984, OSHD bought a Bridge Wexghmg Systems WIM (BWIM) system. This
is a portable WIM which uses a bridge span as a large scale. Strains are measured by
strain gauges attached to the bottom of bridge girders. Thirty bridges, mostly in
northwest Oregon, have been instrumented and calibrated. The BWIM has been used for
scheduling, overload violations check, and data collection for planning and design
purposes. The system has enabled the weighmasters to measure the extent of violations
.in certain areas. The BWIM system has been refitted with a new, more powerful
computer and software.

iv. Automatic Vehicle Identification

In July 1984, General Railway Signal (GRS) AV] systems were installed at four locations
on I-5 northbound. Two AVI systems were integrated with the existing WIM systems at
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Jefferson and Woodburn, allowing the identification of the vehicle while its weight was

being recorded. Another GRS AVI system was installed and integrated with the WIM

at Woodburn southbound POE in July 1987. Two were stand-alone units, one located

at the Ashland POE sixteen miles north of the California border and the other at the

Ridgefield, Washington POE, about 16 miles north of the Oregon border. The GRS

system uses passive transponders with roadside reader-activators. Transponders were
~ originally installed on 200 trucks. Presently 350 trucks have transponders.

The AVI system allows the weighmasters to identify the vehicle immediately. Integrating
‘the AVI with WIM allows potential for automatic weighing-identification, and for
computer checking of safety inspections, registration, or permits issued.

7. , Woodburn Southbound Port-ot‘-Entry Automation Experimental Project

The development of new integrated microchips has led to the development of small powerful
minicomputers with large data storage capacity. New software and computer language

~developments have also brought on rapid changes. AVI and WIM systems were integrated
with the two static scales at Woodburn and with the PUC database, using a powerful

mmlcomputer as the supervising system computer (SSC)

The purpose of this 1ntegratlon was to allow trucks with transponders, meeting legal weight

as shown by the WIM, and PUC criteria from the PUC vehicle database, to bypass the static
scales. Data on these trucks is stored by the SSC. Trucks, without transponders, meeting the
legal weight as shown by WIM, are directed to the static scales (where their PUC
identification number is keyed into the computer). The SSC brings the PUC information onto
the screen. If the trucks meet the PUC criteria with respect to taxes and safety, only its
wexght from the static scales is recorded. It then is allowed to pass through. Those trucks that
do not meet weight or PUC criteria are stopped and issued citations and/or go to the PUC
location to obtain. permlts :

The data is downloaded to the mainframe and changes in the PUC database are uploaded
on a regular basis. Daily statistical reoords and tables are produced by the SSC.

The system hardware and custom software, supplied by Motorola Computer Systems, has been
operating since December 1987. It has functioned very - well with very few glitches. The
weighmasters have enthusiastically embraced the system. Time is saved by both the
weighmasters and truckers. The automation system has allowed the weighmasters to weigh
vehicles more quickly, reducing congestion. The system has also revealed outstanding
weight-distance tax payments owed by some firms. A chronic offender list is being developed
through the use of the SSC. Such offenders typlcally are found to have a hlstory of

- overweight or permit \nolauons

If all trucks had transponders the automated system would dramatically reduce the number
of vehicles weighed at Woodburn (perhaps by S0 percent), thus greatly reducing the
weighmaster workload. This would allow for rescheduling personnel to other weigh stations,
improving overall weight enforcement. All ports-of—entry, new and old, will be similarly
automated in the next three years. |

Truck Safety:Enforcement :

In 1980, the Oregon State Legislature directed the OSHD to conduct safety inspections. Since
then, the number of weighmasters assigned to safety inspections has increased to 14 full time
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equivalents, and all weighmasters take truck safety inspection training. The work load has
increased while the number of weighmasters has remained static.

We/They Attitude i
Early in the 80, the longstanding adversary relatlonshlp between truckers and weighmasters
began changing to one of cooperation. Before that thme, all the weigh stations were protected
with steel shutters and locks. Vandalism by unfneqdly truckers was common.

|
Weighmaster and Highway administrators visited vd‘rious trucking organizations and firms to
explain the need for weight enforcement to prevent the small minority of 111ega1 operators
from damaging the roads. They pointed out that illegal operators were gaining unfair
competitive advantage by having more per load, but not paying their share of road use taxes.
Legally operating truckers appreciated that illegal truckers were unfair competition, and an
attitude of mutual help and respect slowly developed. Weigh stations scale readouts were
made available so that the truckers could weigh themselves. Vandalism has been reduced as

the truckers have a friendlier attitude towards the ineed for truck weight enforcement.

In addition, the WIM sorters have been enthusmstlc#liy endorsed by truckers The automation
of Woodburn POE has stirred the interest and support of the trucking industry. The use of
AVI on a volunteer basis has received the support of many trucking firms. All this has served
to reduce the traditional conflict, but to be realistic, there will always be differences between
the two groups - the regulator and the regulated. |

Future Strategies: Beyond 1990 |

In the future, the weighmasters will probably be given ajdditional responsibilities and be required
"to do more with less”, with staff size kept at its present level. They will have to be given the
tools to accomplish their expanding tasks; this means more technology. Future enforcement
strategies will incorporate these new technologies and will change enforcement methods and
practices.

1.

Automated Unmanned Weighing Facilities

The OSHD has one such site in place on I-5 NB at Jefferson on a demonstration basis. Here,
AVI and WIM are married. Trucks are weighed and identified. This demonstration has shown
that the system is feasible, but to make it work as a full scale operation, all trucks must have
transponders. The Crescent Project, or Heavy-Vehxcle Electronic License Plate (HELP)
program, will enable us to see how feasible this 01;1 a large multistate scale.

Unfortunately, WIM data cannot presently be usedi for enforcement purposes because of the
accuracy, ie, WIM weights versus static scale #veights The NCHRP project on WIM

' calibration standards may provide a methodology for calibration and error correction.

WIM/AVI data can, however, be used for enforcement personnel scheduling, and to identify
potential violations. S

A recent WIM site location study done for OSHD by Portland State University indicated that

12 WIM sites are needed on the Interstate and over 30 on the primary state highways. This
cannot be done at once, but it is a long-term goal,
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New WIM/AVI Technology

The use of piezo-electric cables for WIM show considerable promise. This system has accuracy -
limitations which may, however, be offset by its potential low-cost. If all the problems are
solved, the use of WIM would become more universal. OSHD has just started an
experimental study using different piezo cable configurations for accuracy at three Interstate
sites to determine whether accuracy may be improved by changing configuration.

If the costs of these WIM systems can be held under $10,000, including installation, then
many WIM sites will be feasible. This will revolutionize data collection and enforcement
strategies.

In addition, the low-cost bridge WIM system, developed under a NCHRP research project,
will be field tested soon. Oregon is one of the states where this system will be field tested.

New AVI equipment, as part of the Crescent Project, will be tested this fall and installed next
year. This will change our present AVI system since the reader-activators will be in the
pavement rather than the side of the road.

Automated POns-of-Entry

The success of the automation project at the Woodburn southbound POE will lead to the
automation of both new and old POE’s. This will free manpower for enforcement elsewhere.
Weigh stations near the ports will be manned more frequently. Enforcement will be more
widespread.

Local Area Enforcement Network

The weighmasters are considering developing a local area enforcement network (LAEN) using
ports-of-entry as centers for data collection. Nearby weigh stations would be tied to the
central location via telemetry or portable computers. All the data collected at a weigh station
would be stored in an on-site computer and transferred at the end of the shift to the central
area, either by telemetry or by disk. The computer would be connected to the static scales
and the weights would be automatically recorded. Only the PUC identification number would
have to be entered by the weighmaster. This would free the weighmasters, and eliminate the
need for PUC to enter the weight data for PUC audits. The data from each weigh station
would be stored at this central station and periodically loaded to the ODOT mainframe.

To make this concept functional, personal computers will be required at each weigh station.
The static scale readouts at the weigh station will have to be hardwired to connect with the
personal computer. This type of operation should enhance equipment efficiency and improve
the productivity of personnel.

High-Speed Sorting

The OSHD is seriously considering using a high-speed WIM as sorter in the highways.
Vehicles would be sorted before they enter the POE. The installation would be installed on
1-82 southbound on the Washington side of the Columbia River. AVI would be used to
identify the vehicle and the SSC would be used to check PUC files on that vehicle for taxes,
inspections, safety violations, and other information. If it meets legal weight and PUC
requirements, the vehicle would be allowed to go through without taking the exit ramp to
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the Umatilla POE. The data collected from WIM/AVI would be stored for enforcement and
tax audit purposes.

There are challenges that need to be addressed before such a concept becomes reality. Signing
is of paramount importance. Directing the trucks to the proper lanes is a challenge, as are
trucks trying to by-pass the system. OSHD is workmg on this. If this system works, then we
have a truly automated system where only overweight, illegal and non-PUC registered vehicles
would be directed into the POE. The savings in manpower would be tremendous.

6. Automated Vehicle Measuring Systems

One area that has been overlooked is the measuring of a vehicle’s overall length, and the
width and length of individual trailers in a combination. OSHD will be working with
manufacturers in the future to develop such a system. Initial research indicates there may be
several potential technologies to this end.

7. Shipper Responsibility Enforcément

This concept is to have enforcement at point of origin. Two scenarios are possible here. One
would be for the weighmasters using portable or semi-portable scales to weigh the trucks at
the shipper’s yards. The other is to have a certified scale at the point of origin and have the
shipper certify that shipment met all legal weight requirements. If found in violation, a bail
system would assess large fees based on the overload. This latter concept shifts the
responsibility onto the shipper rather than the truck driver. The truck driver would no longer
be coerced into carrying over legal weight.

8. User Fee Enforcement

The OSHD is investigating the possibility of makmg the fine structure based on potential
damage to the roads. The fine structure would be based on the AASHTO road test and the
damage factor developed from these tests. Fines would be proportional to the ESAL factor
which increases to the power of four. This would be a huge deterrent to offenders and would
reduce the number of overloads.

9.  Chronic Offender Profiles

The Woodburn automation system has the ability to develop a chronic offender list and
profile. Already, several companies have been identified as repeat offenders of weight laws.
The plan is to develop similar chronic offender profiles for each port and area. These
offenders would be warned to clean up their act. If they continue, penalties would be levied,
and if there is no response, their operating authority could be suspended. This would help
remove the bad actors from Oregon’s highways and would be another enforcement tool for
the weighmasters.

IMPACT OF MODERN TECHNOLOGY ON PRESENT WEIGHMASTER ACTIVITIES

What has been the impact of modern technology on weighmaster activities in Oregon? The answer will
predict future activities. : ‘
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A. Staffing Levels

Table 1 and Figure 2 show the staffing levels for the years 1957 to 1987. There is one obvious
‘trend; the staffing levels have remained constant during the past three years. This trend will
continue for at least the next five years or longer.

’One aspect not shown is that, since 1980, the weighmaster responsibilities have expanded to
include truck safety inspection. Of the 116 field people, 14 F.T.E. are working on truck safety
inspections. Only 102 weighmasters are weighing trucks. ,

B. Weighmaster Activities

1.

Truck Weighings

Table 2 and thure 3 show the number of truck weighings. The figure shows that number of
truck weighings have dramatically increased. It should be noted that, since 1981, empty trucks
have not been weighed. Oregon is weighing more trucks with fewer field people. This is due
to the introduction of ports-of-entry, and new technology concepts such as weigh-in-motion.
As more WIM sorters and other technology is introduced, productivity should continue to
increase.

Citation Issuance

~ Table 3 and Figure 4 show the citation issuance. The number of issued citations was fairly

constant from 1957 to 1971, increasing from 1972 to 1975. After 1975, there was a huge
increase, but the number of citations dropped in 1982 and is now slowly increasing. The
reason for the huge drop since 1981 is that the weighmasters stopped issuing $2 tickets for
minor overloads It was costing more to process them than it was worth. Slow growth in
citations can be correlated with the increase in truck traffic. The citations rate has been
around two percent of weighings. Based on WIM data on I-5, the violation rate may be 6 to
8 percent while the violation rate off the Interstate system, based on bridge WIM data, may
be as high as 20 percent on some local roads. Only a small number is being caught. New
technologles will give us a better understanding of the overload problem.

Vehicle Safety Inspections

Table 4 and Figure 5 show the number of vehicle safety inspections. As can be seen, safety
inspections had a fairly constant growth from 1980 to 1984, a slight decline in 1985 and 1986,
and an increase in 1987. The reason for this increase was the new safety inspection station
at the Woodburn port-of-entry. As new bays are built, the number of mspecnons should
increase. ‘

Vehicle Legalizations
Table 4 and Figure 6 show the number of vehicle legalizations. Each year since 1983 has seen
an increase in legalizations as parking space for this function is being built into the new

ports-of-entry and some of the weigh stauons As more space is provided, and more trucks
weighed, legalizations should increase.
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SUMMARY

Over the years, enforcement strategies in Oregon have evolved to meet economic changes, regulations,
and accommodate new technology. The Oregon weighmasters have gone with the tide and have based
their enforcement strategies on new technology. The result is that they are doing more with less
human capital. New technologies and plans will help them continue this trend. The only problem is
financing some of this new technology, and also its acceptance.

The new technologies on the horizon with Oregon’s plans for the future should make the next ten
years ones of excitement and challenge in weight enforcement.

REFERENCES

1.

10.

11.

Krukar, Milan and Ken Evert, "The Economics of Truck Overloads in Oregon”, Paper presented
at the 21st Annual Pacific Northwest Regional Economic Conference, Seattle, Washington, May
1987. " :

Terrell, Ronald L., and Chris A. Bell, "Effects of Permit and Illegal Overloads on Pavements”,
NCHRP Synthesis of Highway Practice 131, Transportation Research Board, Washington, D.C,,
September 1987.

Krukar, Milan and Ken Evert, "Woodbtirn Southbound Port-of-Entry ‘Automation Experimental
Project”, Paper to be presented at the Third Nation WIM Conference, St. Paul, Minnesota,
October 1988.

Bell, Chris A., Yunus Abwahab, W. S. Davis, and George Burgess, "Evaluation of the

Coordination of Weigh-in-Motion Data", Final Report, Oregon State Highway Division, June 1983.

Bergan, A. T., Loyd Henion and Milan Krukar, "Automatic Vehicle Identification: Description of
Technology and Potential Applications”, Canadian Civil Engineering Journal, December 1988.

.. Bell, Chris A., Field Testing of Automatic Vehicle Identification Equipment, Final Report and

Executive Report, Department of Civil Engineering, Oregon State University, Corvallis, Oregon,
August 1987.

Gyllenskog, Doug and Ken Evert, "Truck Size and Weight Enforcement in Oregon - The First 30
Minutes of Operation,” Permits and Weighmasters, Oregon State Highway Division, August 1986.

Dueker, Kenneth; William A. Rabiega and Rex Brice, "Locating Truck Data Collection Sites in
Oregon Using Representation Optimal Sampling", The Center for Urban Studies, Portland State
University, May 1988.

Krukar, Milan, "The Oregon Weigh-in-Motion/Automatic Vehicle Identification Project”, Final
Report, Planning Section, Highway Division, Oregon Department of Transportation, September
1986. : ,

Stallcup, Pai and Jan Perrin, "Report on Observation of Truck Behavior at the Jefferson
Weigh-in-Motion Site", Internal Memo, Oregon State Highway Division, August 1985.

Bell, Chris A. and Milan Krukar, "Selected Results from the First Three Years of the Oregon

Automatic Vehicle Monitoring Demonstration Project”, Transportation Research, Record 1123,
Transportation Research Board, Washington, D.C., 1981.

238

=

&

IS YN - BN | _m -




12

13.

14.

15.

16.
17.

18.

Krukar, Milan and Chris A. Bell, "Some Results from the Oregon Weigh-in-Motion/Automatic

‘Vehicle Identification Demonstration Pro- ject", Transportation Research Forum Annual Meeting,

Seattle, Washing- ton, September 1986.

Krukar, Milan and Loyd Henion, "The Oregon Weigh-in-Motion/Heavy Vehicle Electronic License
Plate Demonstration Project: New Technology for Data Collection”, Proceedings, of the World
Conference on Transport Research, Vancouver, British Columbia, May 1986.

Krukar, Milan and Loyd Henion, "The Oregon Experiment and Automatic Vehicle Identification
Devices and Weigh-in-Motion,” Paper No. 851455, Society of Automotive Engineers, West Coast
Meeting, Portland, Oregon, August 1985.

Krukar, Milan and Loyd Henion, "The Use of Weigh-in-Motion/Automatic Vehicle Identification
Data in Oregon", Proceedings, Second National Weigh-in-Motion Conference, Volume One,
Atlanta, Georgia, May 1985.

Henion, Loyd, "Weigh-in-Motion, New Technology to Assist Us in Managing Our Highway
Investment”, Proceedings, National Weigh-in-Motion Conference, Denver, Colorado, July 1983.

Krukar, Milan, "Woodburn Southbound Port-of-E<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>