United States
Department of
Agriculture
Forest Service
Forest
Products
Laboratory

General
Technical

Report
FPL-GTR-84

&

Standard Plans for
Southern Pine Bridges

Paula D. Hilbrich Lee
Michael A. Ritter
Michael Triche




Abstract

The development of standardized timber bridge plans and
specifications is a key element in improving design and
construction practices. The bridge plans presented were
developed as a cooperative effort between the USDA
Forest Service, Forest Products Laboratory (FPL); the
University of Alabama; and the Southern Pine Council
and are the first step in developing standardized designs
for the southern United States where Southern Pine is
the primary structural wood species group. This
publication contains standardized designs and details for
three timber bridge superstructure types, including stress-
laminated sawn lumber bridges, stress-laminated glued
laminated timber (glulam) bridges, and longitudinal sawn
lumber stringer bridges with transverse plank decks.
Each set of plans encompasses numerous span length
and width combinations, design loadings for AASHTO
HS 20-44 and HS 25-44 vehicles, and two options for
live-load deflection criteria.

Keywords: Bridge, stress laminated, Southern Pine,
stringer, glulam

September 1995

Lee, Pauta D. Hilbrich; Ritter. Michael A.; Triche, Michael. 1995.
Standard Plans for Southern Pine Bridges. Gen. Tech. Rep. FPL—
GTR-84. Madison, WI: U.S. Department of Agriculture, Forest
Service, Forest Products Laboratory. 26 p.

A limited number of free copies of (his publication are available to
the public from the Forest Products Laboratory, One Gifford Pinchot
Drive, Madison, W1 53705-2398. Laboratory publications are sent to
more than 1,000 libraries in the United States and elsewhere.

The Forest Products L 1s in with the
University of Wisconsin.

The United States Department of Agriculture {USDA) prohibits
discnimnation 1n 1ts programs on the basis of race. color, national
origin, sex, religion, age, disability, political beliefs, and marital or
familial status. Persons with disabilities who require alternative means
of of program 2 (braille, large print,
audiotape. etc.) should contact the USDA Office of Communications
at (202) 720-2791. To file a complaint, write the Secretary of
Agriculture, U.S. 1. of Agri Washi DC 20250,
or ¢l (202) 720-7327 (voice), or (202) 7201127 (TTD). USDA is
an equal employment opportunity employer.




Paula D. Hilbrich Lee, General Engineer
Michael A. Ritter, Research Engineer
USDA Forest Service, Forest Products Laboratory

Standard Plans for Southern Pine Bridges

Michael Triche, Associate Professor
Department of Civil Engineering
University of Alabama

Introduction

Interest in timber bridges has increased significantly in recent years, primarily as a
result of programs implemented through the Timber Bridge Initiative passed by
Congress in 1988. During this period, the development of standardized timber bridge
plans and specifications has been continually emphasized by bridge designers and
builders as a key element for contributing to improved design and construction
practices. Additionally, standard plans have been viewed as a beneficial tool for
helping engineers address the critical transportation infrastructure needs of state,
county, and rural regions. To meet this need, several projects to develop standardized
timber bridge plans have been initiated at the Federal and local levels based on modern
technology for design, fabrication, and construction.

The bridge plans presented in this publication are the first step in developing
standardized designs for the Southern United States where Southern Pine is the
primary structural wood species group. The plans were developed as a cooperative
effort between the USDA Forest Service, Forest Products Laboratory (FPL), the
University of Alabama, and the Southern Pine Council. The plans include standardized
designs and details for 3 timber bridge superstructure types including stress-laminated
sawn lumber bridges, stress-laminated glued Jaminated timber (glulam} bridges, and
longitudinal sawn lumber stringer bridges with transverse plank decks. The stress-
laminated designs were developed at FPL, and the sawn lumber stringer designs were
developed at the University of Alabama. The plans are intended to serve as a useful
guide to state, county, and local highway departments in the development of practical
and economical bridge designs using Southern Pine lumber and glulam. They should
be particularly valuable to smaller highway departments with limited engineering staffs.

In the development of these plans, every effort has been made to provide complete
information for bridge superstructure design and fabrication for a range of design
options.  Each set of plans encompasses numerous span length and width
combinations, design loadings for AASHTO HS 20-44 and HS 25-44 vehicles, and two
options for live load deflection criteria. However, specific site conditions may
necessitate modification because pltans were developed for right-angle crossings only.
In all cases, these designs must be verified by a registered professional engineer prior
to construction.

The USDA Forest Service hereby gives notice that the information herein contained
shall not create any warranty expressed or implied. The person or organization using
this information waives and relinquishes any and all claims against the United States
of America, its officers, employees, and project cooperators, for any loss, damage,
personal injury, or death incident to, or occurring as a consequence of, the use thereof.
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Comments
Comments and suggestions for improvement of these drawings are appreciated and

should be addressed to the Timber Bridge Team, Forest Products Laboratory, One
Gifford Pinchot Drive, Madison, WI, 53705 (FAX 608-231-9303).
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2 ft interior bor spacing (typicel)
See Detoils B ond H.

5/8 in. ® stressing bor
See notes 22 ond 25.

shown for i i
purposes only (by others) b~

¢ —-—

Approoch rail and
/ transition (by others)
T

toit B.

Bituminous wearing surfoce

Crosh~tested bridge roit option

See Detail H.

]
X

«I t ftoutside bor
spacing (typical)

L=Bridge span measured
c-c of bearings
Length= Bridge length
measured out-out
W=Bridge width

o

Rail option shown

T

—

omomoillic

See Anchorage Detoil D.

See Substructure Attochment Detail C.

NOTES AND REQUIREMENTS

DESIGN

1. These drawings are for stress-aminated sawn lumber
timber bridge decks constructed of Southern Pine dimension
lumber, 2 in. in nominal thickness and 8 to 12 in. in nominal
width. The designs are applicable for single- and double-lane
rectangular bridges (no skew) with simple span fengths from
10 to 20 ftin 2 ft increments. Design truck loading is
AASHTO HS 20-44 or HS 25-44.

2. Unless noted. designs comply with the Standard
Specifications for Highway Bridges {15th Edition, 1992) (with
interims through 1994) and Guide Specifications for the
Design of Stress-Laminated Wood Decks (1991), published by
the American Association of State Highway and
Transportation Officials. Design criteria and procedures are
shown on Sheets 8 and 9.

3. Designs are applicable to single-lane and double-lane
bridges, 12 to 38 tt wide. Guidelines for determining the
required number of laminations, bar lengths, and other
material quantities are given on Sheet 6

4. The plans are based upon bearing lengths of 10.n. A
longer bearing length will result in a slightly conservative
design.

5. The d criteria fordeck thickne live load
deflection (see Sheets 8 and 9). The required deck thickness
for a stated bridge length is determined from Table 1, based
on the design loading and live load deflection limits of 1,260
or 17500 of the bridge span (S), measured center-to-centerof
bearings.

6. Unless noted, plan dimensions for sawn lumber are nominal
i Design { details are
based on actuat dimensions for dressed (S48} lumber

7. These designs are intended forinformational purposes onty
and must be venfied by a registered professional engineer
prior to construction,

MATERIAL AND FABRICATION
Wood

8. Sawn lumber and glued laminated timber shall comply with
the requirements of AASHTO M168

9. Unless noted, all lumber shall be dressed (S4S} Southern
Pine. Lumber 2 10 4 in. shall be visually graded No. 2 or
better. Lumber 5 in_ or greater in thickness shall be visually
graded No. 1 or better.

10. The two exterior laminations along each deck edge shall
be Nerihern Red Oak, Red Maple, or another treatable denise
hardwood species, visually graded No. 2 or better, or No.1
Dense Southern Pine

11. Glued laminated timber rail material shall be Combination
No. 48 Southern Pine.

12 All interior deck laminations shall be continuous between
supports with no butt joints. Butt joints are permitted in
hardwood exterior laminations provided that fa} they are
placed midway between stressing bars within the center half
of the bridge length, and (b} the spacing of butt joints n
adjacent (aminations is not less than 2 ft isee Detail E,
Sheet 3).

13. Unless noted, all wood shall be cut, driled, and
completely fabricated prior to pressure treatment with
preservatives.

14. The moisture content of sawn lumber prior to and after
treatment shall not exceed 15% for lumber 2 1o 4 in. thick,
and 19% for lumber thicker than 4 in.

15. Fabrication details for wood members are shown on Sheet
5 Each member shall be legibly marked with the designated
mark number to aid in construction.

Preservative Treatment

16. All sawn lumber shall be treated in accordance with the
requirements of AWPA Standard C14 with one of the
following preservatives
a. Creosote conforming to AWPA Standard P1
b. Pentachlorophenol conforming to AWPA Standard P8
in hydrocarbon solvent, Type A, conforming to AWPA
Standard P9
. CCA conforming to AWPA Standard P5

17. Glulam shall be treated to the above requirements with
creosote or pentachlorophenol

18. Material treated with creosote or pentachlorophenol shall
be free of excess preservative on the wood surface. The
treating process for these preservatives shall include an
expansion bath, steaming and/or dripping to ensure that
preservative will not bleed.

19. Preservative treatment shall be inspected and certified in
accordance with AWPA Standard M2.

Steel Fasteners and Hardware

20. Steel plates and "shapes shall
requirements of ASTM A36.

comply with the

IZ] Wearing Surface

21. Bolts and lag screws shall comply with the requirements
of ANSI/ASME Standard B18.2.1-1981, Grade 2.

22. Stressing bars shali be 5/8 in. diameter and shall comply
with the requirements ot ASTM A722, Nuts and couplers for
stressing bars shall be provided by the bar manufacturer.

23. Split rings shalt be manufactured from SAE 1010 hot
rolied carben steel. Shear plates shall be malleable iron
manufactured according to Grade 325610 of ASTM A47.

24. Washers shall be provided under bott and lag screw heads
and nuts that are in contact with wood. Washers may be
omitted under heads of special timber bolts or dome-head
bolts when the size and strength of the head is sufficient to
develop connection strength without wood crushing

25. Alt steel components and fasteners shall be galvanized in
accordance with AASHTO M111 or AASHTO M232
Galvenizing of stressing bars shall foliow the

of the bar 0 as not to
adversely affect the mechanical properties of the high-
strength steel

26. All nuts for bolts and stressing bars shall be oversized or
re-threaded to ensure proper fit after galvanizing.

27. When the bridge deck is treated with CCA, stressing bars
shall be piaced in a protective grease-filled PVC tube that is
‘continuous across the bridge width {See Detail G, Sheet 3).

Misceltanegus

28. Geotextile fabric should be an impregnated, non-woven
fabric that provides a watertight membrane over the deck
surface. and of the
fabric with the preservative treatment shall be verified with
the manufacturer prior to fabric placement

29. Sealer for wood end grain is typically a commercial
so0ting cement.

CONSTRUCTION

30. Al wood and metal components shall be handlec and
stored carefully so as not to damage the material. If damage
does oceur, wood shall be field treated in accordance with
Note 31. Damage to galvanized surfaces shell be repaired
witha cold galvanizing compound or other approved coating.

31. When field fabrication of wood is required or if wood is
damaged, all cuts, bore holes, and damage shall be
immediately field treated with wood preservative in
accordance with AWPA Standard M4,

32. Stressing bars shall be fully tensioned to the values
specified in Table 2, in accordance with the following

- sequence:
1. Initially, at construction
2.1 week after the initial tensioning
Table 1 - Minimum Required Nominal Deck Thickness fin.1’ 3. 68 weeks aftar the second tensioning
Rall and connectin In addition, it is recommended that the bars be checked, and
Bridge Bnduf HS 20-44 HS 25-44 nalrdwom omitted ,90' clority. retensioned as required, on an anaual basis for the first 2
length span’ ~ " —— — years after construction and at 1 to 3 year intervals thereafter
Roil option (o ut, in.) L/360 /500 U Li500 F2 x 4 in. retciner strip 3 until the bar force stabilizes.
See Wearing Surface Detail A. 1 9.2 s 0 0 0 Geotextile membrane
9 . o across entire deck Mork 13 I Cut wosher 33. Refer to Sheets 6 and 7 for recammendad bar stressing
¢ Curb option 12 1,2 10 10 10 10 See note 28. procedures and considerations
B = 14 13,2 10 10 10 12
e vy
\MIHNHHHHHIIIIHI[HHH\HHHHH\HHHH\HH[HIIIII!HHHIHHH\HlIIIH]IIIIIIIIIIIIIIIIIIII(I= t 16 15,2 10 12 12 12 {r R Table 2 - Bar Stressing Reguirements
e e n 532 = - 3 3 . .
8 7. ! IJ/B in. ® x 4 in. Nomninal Deck Thickness | Required Bar Tension
20 19,2 12 NA 12 NIA } 99 screw Gin.) (Ib)
t=Deck thickness . -
. nominol Southern Pine: Hardwood or o dense: See note 5. ' Minimum deck thickness is controlled by deflection (see Sheets 8-9) Field drill 5/16 in. ® lag screw 8 17,400
interior laminotions (typicol) grode Southern Pine 2 Bridge span, L, is measured center-1o-center of bearings, assuming a Minimum lead hole, 2 in. deep into deck. >
See note 9,  outside edge laminotions minimum 10 in, bearing length at each abutment. Ihickness is 2.5 in. ot centeriine ond 1.5 in. ot Field treat per note 31 . ’ #2.200
See nole 10. > Deflection limit as a fraction of the bridge span. L reloiner strip. Pavement sholl not be below i 12 27,000
N/A = Deck thickness greater than 12 in. required. reloiner strip elevation.
The bridge these crawing , Standard Plans for Southern Pine Bridges August 1995
were pod under a ag! SOUTHERN
between the USOA Forest Service, Forest Products
Labx the of and the Southx
Foreet Products Association. Stress-Laminated Sawn Lumber Decks General Layout and Notes Sheet 2 of 9




Curb Option Configuration and Scupper Spacing

Side View

10 Length

Mork 14

16" Length
Mark 16

Curb splice

Mork 17

18" Length
Mork 16

e

arra

20" Length

Curb splice

Mork 16

ll.lﬁ

Spliced

|‘.|

curbs moy be continuous when sown lumber of sufficient length is ovailable or when glulam timber curbs ore used.

Curb Detail
End View

Curb Detail
Side View

FoK
for

Curb splice

8 x 10 in. scupper block
" Mork 18

6 x 10 in.
sown lumber curb \

‘-.{ {5 |.4-

Curb Splice Detail
Side View

- -—vz'—-| -2
J

LR e B

T

1

A

dome head bolts (typical)

Suggested Deck/Substructure Attachment

Timber Abutment Attachment
Side View

Geotextite fobric~

Neoprene bushing

Bockwall
planks

TURENT

Timber Bent Attachment

Side View
. ) Premoided joint
Geotextile fobric filler, typ.
—
Deck
/2
T

6 x 6 x 1/2 in. ongle

Timber Abutment Attachment

Concrete Abutment Attachment

Side View Side View

/—Geolexl?le fobric Iceo!exﬁle fabric Premolded joint

filler, typ.

Deck 1 Deck.

6 x 6 x 1/2 in. angle

=

n—= 7
ﬁ 3/4 in. ® uon]r

or log screw

1/2 in. neoprene
bearing po¢
(optional)

3/4 in. ® bon
6 x 6 x 1/2 in. ongle

=

These detoils are ond ore shown
for illustrotive purpnsu only. The ol\achmenls must be designed for sgec-m: locations.
The following in most

1. Attachment bolt spocing shall not exceed 4 ft over the entire bridge width.
2. Minimum bearing sholl be 10 in. ot abutments ond 7 in. ot bents.

3. Geotextile fabric sholl wrop over obutment ends o minimum of 2 ft verticolly.
See note 28, Sheet 2.

4. Bolts ore 3/4 in. 8. Use dome heod bolts in wood conloct ond hex bolts
in steel contoct. Field orill deck bolt holes 13/16 in. # ond field treot
in occordonce with note 31, Sheel 2.

5. Log screws for deck ottachment ore os follows:

A For B in. deck, 3/4 in. ® x 6 in; Prebore 11/16 in, ® lecd hole.
Counterbore 13/16 in. & x 2-1/2

o

. For 10 and 12 in. deck, 3/4 in. 8 x 8 in,; Prebore 11/16 in. &
leod hole. Counterbore 13/16 in. & x 3-\/2

6. Apply preservotive to all field borings. See note 31, Sheet 2.

Field 13/16 in. @ holes through
deck. Field treat per note 31, Sheet 2. See fabricotion detoils, Sheet 5.
E] Anchorage Configuration E Exterior Lamination Layout Drip Strip @ PVC Tubing
Tube extends & End View
- " Plon View ube extends °—\ 5/8 in. @ stressing bor
i . beoring plate
Side View End View 16" Length End View 9 / T ””\
H ¢ Mork 5-1 l—Mork 7
ex nul
T T Rail and connecting [ ‘“ | I) Hex nut
Merk 7 Mark 5 hordware omitted for clarity
" Protective tubing
18' Length Ij z .
P p i T P PVC ubi holl be used when
ilr:{igqml;o: m;,;:; ::;:J ;n:h:r ;lgé‘ " Mark 69 [Mork 7 Geotextile membrane lominations ore. reateq with GCA.
- See note 27, Sheet 2 Neoprene “0" rings
Mork 12 1.4 :
7 T i ;
Mork 7 Mork & T A 30 t’o - Neoprene "0O" rings provide collopsible 1 in. @ PVC tubing
Pl i 1.8 connection to facilitole movement .
ole Requiremenis 20° Length j Ii during prestressing. Stressing bar
a 0 M & 8
Deck Thickness  Beoring Plate ork 81 [ Mor Holes bored into lominations shall be 3/4 in. @ PVC tubing
i Mork ¢ increased to 1-1/4 in. @ to occomodote
Mork 10 Mork 81 Lok & Orip strip is 20 goge goivanized protective lubing.
Mork 11 sheel mlew? olleche? 1o deck with For additional protection, it is
1 in. golvonized roofing nails. o e .
Exterior laminations may be conlinuous if preferred. See note 10, Sheet 2. le.tt::mmended‘lhe P|VC lube( be filled
with greose after plocement.
The depictad on these drawing tandard Plans for Southern Pine Bridges August 1995
wors a cooperative agreement S g
betwsen the USDA Forest Service, Forest Products
L Y. the University of Alab and the Southx 3 . il
Foreet Association. = Stress-Laminated Sawn Lumber Decks General Details Sheet 3019




E] Rail Option Configuration and Scupper Spacing

10° Length 16" Length

Scupper block

Curb splice

Mork 24

Mark 284

. ,
afl il [ef [o]
-

Mark 30

F ——
12" Length 18" Length
s splice
T — - T T S Y KR F— :
T'!T&'T T%T T%T %T &Tl' = TgT Tjﬁ‘r
=2t ' ™ " T2 T T T : T—2'—

[Mork 3N
U

—

14° Length

20° Length

Mark 23

H H v H v H H

I : ﬁ =
R LR

Mark 33 S [Mork 34
T ——— T
] y— ] I ] L j—
[o]l e} [o] | L [¢] [o]
[ 14" 11 .
r 1 T T

Glulam rails ore full span. Refer to fabricotion details, Sheet S.
Spliced curbs moy be continuous when moteriol of sufficient length is ovoiloble or when glulom
Hordwore elimincted for clority.

timber curbs ore used.

See fobricotion details, Sheet 5.

Rail Detail Rail Detail
End View Side View
Coat post end grain . asbyomi
with bituminous_sealer. 4-3/4 _3/4 i ; . v
See note 29, Sheet 2. /’5 3/4 in. glulam rail 5/8 in. 9 °°"=\ ¢
; |
V7 T = N !
. | —3 - x 1
8 x 8 in, po;g——- — 11 T =Y
Mork
9 == ) 5 )
Spacer block, Mork 2 Curd |
6 x 12 in. sown lumber cub———| € 3 3/4 in. @ bolts ! |~ 1-1/4 in @ vou
Plate wosher, Mark 26 !
ront ‘and back Curb S
~¢ 5
4 in. @ spiit rings or bock
to bock sheor plotes \>_ ) | | |
6 x 12 in. scupper, Mork 27~ H
Deck & . | .
\
3/4 in. @ x 16 in. drive spike or 5 "i
4in. ® x 16 in. log screw ot t/2
9 / bototo]

Treot field boring.

This bridge roil wos successfully crash tested to the requirements for Performonce Level 1
0s outfined in the 19B2 AASHTO Guide Specificotions for Bridge Roitings.

Refer to "Plans for Crash Tested Bridge Roilings for Longitudinal Wood Decks™ (Ritter and
others, in-press) for additional crosh tested bridge raifings and opproach roiling tronsition.

Curb Splice Detail
Side View

6" o} 6" 6"

[a
i |

Scupper

__ﬁ_
fe] (o]

3/4 in. ® boits

Scupper

iyt rtosispinbrind ol e Standard Plans for Southern Pine Bridges “ August 1995
between the USDA Forest Servics, Forest Products
Foreet rosm on andhe Stress-Laminated Sawn Lumber Decks Rail Option Details “ Sheet40f9




Bridge Deck Rail Option 6~3/4 x 11 in. Glulom Rail; SP Comb. No. 48
Nominal 2 in. Deck Lamingtions Typical Boring Detail for Rail
Mork 19 Mork 22
Mork 1 Actuol lumber dimensions ore shown. All holes 17@. " . . | ¥
e — - 2
- . ' . [ ——-2— = u 1 — . — 1
2 spocing (ypica) —————————+ ork 5 L : = T =
= g
e — e —e— Tt - . . I:E (= + — |
P N | Mark 20 Mork 23 3T
F | Al holes 3/4"s.
e . L . s .y . .
Mark 2 Mork & b2 - +2 k=2 1 .
[~ = + + v =+ =+ v T [~ =~ -~ 1T = :
I - | I |
! I ! 1 Mark 21 Mork 24
Mork 3 Mork 7 2 . + . fm2' 2t 9 } 42— 8 x 8 in. Roil Post; No. 1 SP S4S
- - - - - - «JF [ - - - ]I
! F — .
ot pork 8 3/4"8 holes—1 TF ::
| . . . . . . -"I ’ . . . . . . |:E 8 x 4-3/4 in. Spocer Block: Plote Wosher; 1/4 in. Thick 6 x 12 in. Scupper; No. 1 SP S4S ====
I - 1 n 5 1 No. 1 SP S4S A36 Steel. Galvanized ,
r 4 1 r 12 1 Mark 27 I .
Mork 25 15-3/4
307 .
Bor Bearing Plate; 1 in. Thick A36 Steel, Galvonized Anchor Plate; 3/4 in. Thick £a Mork 26 2-3/4 T /L |72 i e S
A36 Steel, Galvanized =31 b X — @ @& -1/r '
Mork 9 Mork 10 Mark 11 n ‘E 2-3/4 st/ ] 1-3/8"8 hole— |
= iy
-3/8% hole .
4-1/7 5-1/2" M2 T 1-3/ — . B-1/4 +t
A [—3—'1/2" A . ‘-—-~ ¥ sy e s ks el !
_J__A A 4-|/2':I__u|) QL 5-|/z':[__ 1 l_ 4 2 ~VT 4-3/4 A ;17 i
3-1/2 : | — " E‘ All holes 3/4 Dop for 48 sheor plate T
74 | r = Actuat Tomber Gimensions are shown. or split ring (typical) — —
—9"— - _ _ -
- =117 3/4°8 nhole Al holes are 7/8°9. vz 7-1/2
Al holes 3/47a. Actual lumber dimensions ore shown. Actuol lumber dimensions ore shown.
6 x 12 in. Curb; No. 1 SP S45 t = Actuol deck thickness
Wearing Surface Retainer 2 x 4 in. Retainer Strip; No. 2 SP Nork 29 Mork 30 . . "
¢ n 51/ Typical Boring Details for Curb
54k 18" spocing 4 B . o O Lo s 909 -
i 1-3/4" ARV - TTL““‘L—*"‘L’“J_” - Post/Scupper Connection Splice
Mork 13 [F + + 14 + +] = = P2 g €456 646 +6 5
Al holes 7/167s. hv oz BE 5 oo oce  [veed [+ esee L v|- +6+ -1 - f’ +54 _1 -
i - : ; T - I
ugl fumber dimensions ore shown. 1-1/2" 12 ] I _%__r_x‘_fﬁ“‘ . % 3 . -
Yy 2 - I
Curb Opti Mork 31 Mork 32 812 1-3/68 hae 37V7
i 5-1/2
u ption T\—AMJ—&AAA_I'L'—H 4 ummi 7/8’¢ holes (4)—\ o ¥ 7/8' noles (4)\
A s/ T T . a2 [11-1/2" | I
6 x 10 in. Curb; No. 1 SP S4S 8 x 10 in. Scupper; YTy Py Y I‘,,, eee OODO YY) ‘ ﬁ X\ S J J N \ N
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Table 3 - Table of Material Quantities

Construction Recommendations and Procedures

wn =

Material quantities are approximate and do not include quantities for substructure attachment uptions.
Refer to Sheet 5 for Mark (MK) numbers and corresponding fabrication details. See Sheet 2 for material specifications.
The number of laminations depends on the bridge width. For an actual lamination of 1-1/2 in. (standard dressed thickness

for 2 in. nominal lumber, the number of laminations is determined from the following equation: # laminations =

Seo~mos

The required quantity of geotextile fabric is based on the following formula: fabric {yd*)
The volume of compacted asphalt is determined by the following formula: asphalt {yd’}
The bar length is determined by the following formula: har length {ft) = W + 4{fy)
Full tength curbs may be used. See Detail 8, Sheet 3.

Bolt length should be verified based on specified material dimensions.
Full length curbs may be used. See Detail H, Sheet 4.

In lieu of split rings, back-to-back shear plates may be used. The quantity is twice that shown for split rings.

[AWLE /49 feryd®)
(0.1875 WL/ (27 frryd) |

For the above equations,
W =Bridge width (ft); L = Out-to-out bridge length (ft}

1.01Wx12{in./ft} / 1.5tin.)

Bridge Length (ft)
Item Mark/Size 10 12 14 16 18 20
Bridge Deck The performance and longevity of any bridge depends on the materials and construction
v dations for proper construction of the stress-laminated
Interior deck Laminations See Note 3 MK-7 MK-8 MK-4 MK-3 MK-2 MK-1 bridges depicted in these drawings follow. It is advisable to read and understand all these
" 4@MK-5 4@MK-6 4@MK-6 re prior to i i . For additional ir mation, refer to the
E k La A@MK-7 [ 4@MK-8 | 4@MK-4 9
xtertor deck Laminations Hardwood @ @ @ a@mk7 | a@mk? | s@mk-s drawing notes and 7imber Bridges: Design. C: ? jon, and Mai (Ritter
Exterior deck laminations Dense SP 4@MK-7 | 4@MK-8 | 4@MK-4 | a@mK3 | s@mk2z | a@mKk- 19301
S/8in. o
i TER
Stressing bars (see Note 6 for length) 5 6 7 8 9 10 MATERIALS
Stressing bar nuts 5/8in. o 10 12 14 16 18 20 The following recommendations should be followed for materials:
Bar bearing plate MK-9 through MK-11 10 12 14 16 18 20
Bar anchor piate MK2 o 12 2 6 e 70 1. Lumber must be stress graded and properly treated with wood preservatives.
Wearing Surface 2. Laminations should be straight and free of distortion. Laminations with warp, sweep, or
ke bar insertion difficul
Geotextie fabre (yah Py cupping will make bar insertion difficult
Asphatt pavement {yd’) - See Note 5 3. The wide face of the lumber faminations must be surfaced to ensure uniform lamination
Retainet strip MK-13. 200n. ft | 24t ft | 2810 ft | 32n ft | 366m ft | 40 b ft thickness. Variations in lamination thickness may cause changes in the deck width and
t full o nd load distributi j I 3
rPrp— TR 7 75 75 m m = may prevent full contact and load distribution between adjacent laminations.
Cut washers 3/8in. o 20 25 28 30 30 32 4. The moisture content of the laminations should not exceed the value specified. Lumber
- that is dry will result in better deck performance because shrinkage and associated bar
Curb Option - " . s
force loss will be minimized. If lumber is placed at a high moisture content, it will
, X S . . . 20MK-16 . 2@MK-15 eventually dry and shrink, which wilt result in bar force loss.
Curb’ MK-14 through MK-17 20MK-14 | 20MK-14 | 2eMK-14 | Don T | demk-1e | SRS
Scupper block MK-18 6 6 6 6 6 6 5. The location and size of holes in the laminations for stressing bars should be verified
/8 o x 22% P 1o B In. dock before bridge erection. Misaligned or undersized holes will make bar insertion difficult and
Curb boits with hex nuts® 34 in. o x 24% in. for 10 in. deck 12 12 12 12 12 12 may require field drilling. Oversized holes may reduce the bridge load capacity.
3j4in. o x 26% in. for 12 in. deck .
- . Nuts for galvanized stressing bars must be i to for the
Mblleable iron washers 34 in.0 12 12 12 12 12 12 Nuts that are not oversized or reamed will not fit on the stressing bars.
Rail Option
7. Proper materiat certification and/or quality assurance certificates should be received and
Glulam rail MK-19 through MK-24 2eMK-19 { 20MK-20 | 2eMK-21 | 2eMK-24 | 2eMK-23 | 2@MK-22 verified for all materisls.
Rail offset block MK-25 a 6 6 6 8 8 .
Post MK-28 2 s 5 s Py P 8. Field cutting and drilling of treated wood members must be minimized. In cases where
field fabrication is required, proper field treating is essential.
Scupper black MK-27 4 6 6 6 8 8
2eMK-29 | 20MK-31 | 2@MK-33 BRIDGE ASSEMBLY
3 3 . g - &
Curb MK-29 through MK-37 20MK-35 | 20MK-36 | 2eMK-37 | D 0 0| Dol 32 | 2emK.as
374 im0 x 20% in. for 8 in. deck The 1 d bridge decks shown in these plans are typically assembled and stressed
Curb bolt with nut® 3/4in. 8 x 22% in. for 10 in. deck 16 24 24 24 32 32 on the abutments. Another option is 1o assemble the bridge adjacent to the bridge site and
3/4.in. o x 24% in. for 12 in. deck lift the stressed bridge into place with a crane. Guidelines for bridge assembly using both
Rail bolt with hex nut 5/8 in. ox 21 in. ] 2 12 2 16 6 approaches follow.
Post bolt with hex nut 1-1/4 in. 8 x 21 in, 4 6 6 8 8 on the
WMalleable iron washer {rail) 5/8in. 0 8 12 12 12 16 16
Malieable ror washer urb) Ve e 6 22 22 24 32 2 When the bridge is assembled on the abutments, there are two techniques commonly used
for placing the laminations:
Plate washer (post} MK-26 8 12 12 12 16 16
Split Rings'® 4in 0 a2 48 48 48 64 64 1. The laminations are placed individually. Using this method, the first 4 to 8 laminations
Curb Splice Bolts 1-1/8in. ex 6-1/2 in. 0 0 0 8 8 8 are placed at the deck edge location and nailed together so that they stand unsupported.
The ions are then placed using wood dowels to align holes. When holes
Miscellaneous are aligned, nails may be used to hold the laminations in place or the stressing bars may
Wood preservative (Gal) ) 7 3 2 2 2 be inserted and pushed through the holes as laminations are added. f bars are inserted,
- 2 > > it is important that they be supported on the free end and not allowed to bend
Bituminous sealer (Gal) ! 2 2 excessively. Bar bending may damage the bar of the galvanizing costing.

N

. The laminations are preassembled into panels. In this case, panels 2 to 4 ft wide are
assembled by nailing laminations together or banding laminations with metal bands. In
both cases, the holes must be aligned so that stressing bars can be easily inserted. If
banding 1s used, corner guards must be provided to prevent damage to the wood when
the bands are tightened. After assembly, the panels are lifted onto the abutments and
the bars are inserted and tensioned. When lifting panels, use full support across the
bottom of the panels so that individual laminations do not move relstive to one another,

If bars are difficult to insert through the laminations and gently striking the bar aids
assembly, place a wood block over the end of the bar to protect the steel. Do not hammer

directly on the end of the bar. This will cause the stee! to “mushroom™ and the nut cannot
be properly threaded. Also be careful not to bend or otherwise damage the bar. If bars
cannot be inserted without ive ! shiftth as necessary until the
holes align properly.

One methed that works well for aiding 1n bar insertion is to insert PVC pipe through the
laminations as the bridge is being assembled (See Detail G, Sheet 3). The pipe is
inexpensive and easy to handle in the field. After all laminations are placed, the bars are
easily inserted through the pipe. The o-ring joint shown in Detail G allows the PVC pipe to
adjust with the bndge as it narrows due to tensioning

Assembly Adjacent to the Site

Stress-laminated bridges may be completely assembled adjacent to the site and lifted into
place with a crane. To accomplish this, a fevel site is necessary and wood blocking of other
supports are needed at the bridge ends 1o serve as temporary abutments. Laminations may
be placed on the supports individually or in panels as previously described. After assembly,
the bars must be fully tensioned, as discussed below, before the bridge is lifted. When
Ifting the assembled bridge, use lifting eyes through the top of the bridge or use spreader
beams under the bridge. Do not lift the bridge by the stressing bars as this may cause the
bars to bend or laminations o slip.

BAR TENSIONING

The prestressing system is perhaps the most important part of a stress-laminated bridge
because it holds the bridge together and develops the necessary friction between the
laminations. Thus, it is important that a sufficient level of uniform, compressive prestress
be maintained between the lumber in order for a bridge to
perform properly.

for bar ing using a single hydraulic jack, which is the most
economical and commonly used, are given below.

Equipment and Procedures

Stress-laminated bridges are stressed together with a hydraulic jack that applies tension to
the prestressing bar by pulling the bar away from the steel anchor plate. After the tension
is applied, the nut is tightened against the anchor plate and the tension remains in the bar
when jack pressure 1s released. The typical equipment for bar tensioning consists of a
hydraulic hollow-core jack, pump, hose and gauge, a steel tensioning chair, backplate, and
backnut {Figure 1). The following should be considered regarding equipment:

Figure 1 - Tensioning Equipment

and Configuration Gouge
Hydroulic pump
Beoring plate
/ Hydraulic jock

Steel chair

Stressing bor

Anchor nut

\— Deck

Anchor plote

The bridge superstructures depicted on these drawings
under a
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The capacity of the jack must be sufficient to provide the design tension force.

The pump may be hand operated or electric. Hand operated pumps are less
expensive but slower than electric pumps. Electric pumps also require an on-
site power source.

. The scale of the hydraulic gauge attached to the pump may be calibrated in
Ib/in.? or tons. Itis generally easier to work in tons. If the gauge is calibrated
in Ibjin.2, a table which converts Ib/in.? values to the jack force must be
provided.

. The stressing chair is normally fabricated focally. An example of a typical
welded steel stressing chair for the bridges in these plans is shown in Figure
2. Itis important that the base of the chair be large enough to fit over the bar
anchor plate, but remain on the bearing plate. The chair must not bear directly
on the lumber faminations. The height of the chair should be 2-3 times the
length of the bar nut plus the anchor plate thickness.

. Tha backplate is generally the same size as the bar anchor plate.

Figure 2 - Typical Welded Steel Chair
All components A36 steel.
6x6x1in. plate

1x1x86in. bar

1/4x1x5-1/2in. bar

Sym. about Sym. about

- AR

;
;
f

g LT
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§
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6. Several extra backnuts should be kept on-hand during bar tensioning. After
repeated tensioning, the backnuts may tend to bind and shouid be replaced.

To tension the bars properly, there must be sufficient bar length beyond the nut
on which to place the t ing it is generally to select
one bridge edge and place all bar extension on that edge. On the oppasite edge,
bars should extend approximately 1in. beyond the nut. If there is insufficient bar
length for the tensioning equipment, a temporary coupler and bar extension may
be used (Figure 3}, [f this is done, itis cnitical that each bar be threaded fully into
half the coupler length. Failure 10 do so may result in coupler breakage. It is also
important to verify that the hoies in the hydraulic jack and

stressing chair are large enough to fit over the coupler.

Figure 3 - Typical Coupler
and Extension Bar Assembly

Stressing bar

Coupler is threaded halfway onto stressing
bar and halfwoy onto extension bar.

During all bar tensioning procedures, it is important that personnel not stand in line
with the bar, or place hands or other body parts on or near the tensioning
equipment. At the high force during tensioning, a broken bar will exit at great
speed and force and can cause serious injury or death. Itis also important not to
lift the jack by the hydraulic hose as this may damage the hose and cause rupture
under high oil pressure. To aid in handling, & rope securely tied to the jack may
be beneficial.

The following steps outline the typical procedure for bar tensioning.
1. Place the chair and jack on the bar. Place the jack so that the cylinder extends

away from the bridge. Placing the cylinder against the chair may cause the
chair to bend.

N

Place the backplate and backnut on the bar. Provide a small gap of
approximately 1/4 in. between the backplate and the jack to prevent binding
when hydraulic pressure is released.

w

Apply hydraulic pressure to the jack until the gauge is at the required reading.
It is common to apply approximately 10% greater force to compensate for
tockoff losses when the nut is tightened. Ensure that the proper gauge scale
is used. Most gauges have several scales for different jacks.

ol

Tighten the bar nut against the bridge anchor plate; an open-end wrench
generally works best. As the nut is tightened, the gauge pressure on the
hydraulic pump will drop shightly. On occasion, the nut may bind slightly on
the galvanizing. Itis impartant to tighten the nut sufficiently to ensure that it
bears tightly against the anchor plate.

)

Release the pump hydraulic pressure slowly and remove the tensioning
equipment. If the backnut binds, tap it gently along the bar axis to loosen the
threads.

Ten: ing Sequence

For a stress-laminated bridge to function properly, all bars must be tensianed
uniformly to the design force. As the bars are tensioned, the laminations
compress and the bridge deck narrows. When using a single hydraulic jack,
tansioning one bar compresses the bridge and causes the force in adjacent bars
to decrease. This effectis most pronounced when the bridge is initially tensioned
and decresses as the force in all bars becomes equal. To compensate for this
effect, bars must be sequentially tensioned several times 1o equalize force. This
is generally accomplistied by tensioning the first bar on one end of the bridge and

i h bar down the bridge length. The process
is then repeated several times until all bars are fully tensioned to the design level

As described in Note 32, Sheet 2, bar tensioning must be completed three times
during the construction process:

1. at the time of bridge erection

2. approximately 1 week after the first tensioning

3. 6-8 weeks after the second tensioning

When initially tensioning bars with a single jack, it is important that the tansion
be applied gradually to prevent distortion along the bridge edges. If bars are

initially tensioned to the full design level, the bridge edges may become distorted
For best results, the following procedure is recommended for the first tensioning.

. Starting at one end of the bridge, sequentially tension each bar to
approximately 25% of the design level. During this process, a stringline may
be used to ensure that the edges of the bridge remain straight.

2. Following the same procedure, tension each bar to approximately 50% of the
design level. The force level may be varied slightly 1o ensure that bridge edges
remain straight.

3. Starting at one end again, sequentially tension each bar 10 the full design level.
Again, the force level may be varied slightly to ensure that bridge edges remain
straight. .

4. Return to the first bar, and repeat step 3.

6. Check the force in several bars using the procedures descrnbed below. If the

force is 10% or more below the design fevel, retension the bar. Generally, the
above steps are sufficient to achieve uniform bar tension; however, in some
cases it may be necessary 10 repeat step 3 one or two more times.

After the above initial tensioning, the bars must be retensioned a second and third
time in with the i g seq p ty At the
conclusion of each bar tensioning, the force level should be checked to verify that
all bars are at the design level. When the last two tensionings are completed, the
bar force should stabilize and should not drop below 40% of the design level.
However, the decrease in bar force depends on many factors and should be
checked ically after construction. Itis that the bar force be
checked on an annual basis for the first 2 years after constructionand at 110 3
year intervals thereafter until the bar force stabilizes. This typically requires little
time or equipment and will ensure that the bridge performs properly over the
design life.

Checking Bar Force

The force in tensioning bars can be checked quickly with the same equipment
used for tensioning. The two methods given below provide acceptable estimates
of bar force. The nut turn method is applicable to both the manual and electric
pumps and the gauge method is applicable only to hand-operated hydraulic
pumps.

Nut Turn Method

Ta determine the bar force using the nut turn method, a wrench is placed on the
bar nut adjacent 10 the anchor plate and force is slowly applied to the hydraulic
jack. During the application of jack force, the wrench is pushed in the direction
10 loosen the nut. The gauge reading at the point where the nut just begins to turn
can be converted 1o the approximate force in the bar. In some cases, the nut may
slightly bind on the bar and may not turn when the bar force is applied. In this
case, jack the bar unul the nut is pulled away from the plate and turn the nut
stightly in both directions 10 loosen the binding. After turning the nut, be sure to
return it to the original position prior to releasing the jack force. After this is
accomplished, the procedure to check bar force can be completed using the free-
turning nut.

Gauge Method

When the hydraulic jack applies tension to the bar, the gauge needle moves
relatively quickly as the load is initially applied. As the force increases, and the
full bar becomes tensioned, the needle movement is slower. When the bar force
is overcome and the jack begins to apply force to the entire bar, there is a slight
pause in the gauge needle nse. This occurs approximately at the point where the
force in the jack equals the force in the bar. To check bar force using this
method, slowly pump the hydraulic pump and watch the movement of the gauge
needle. When the jack is pumped, and the needle stops moving momentarily, note
the gauge reading. This reading represents the approximate bar force. At this
time, it will alsa become slightly more difficult to pump the jack. Using this
method requites a “feel” for the release point and should be practiced priof to
determining the bar force.

Tensioning Considerations

As the bars are the a press and the bridge width will
narrow slightly. This is most pronounced when the bars are initially tensioned and

with s g. It)s therefore advisable to delay
substructure attachment and curb and rail placement until after the second bar
tensioning. It is also advisable to wait until after the second or third bar
tensioning 1o apply the asphalt wearing surface.

After the bars in a bridge have been tensioned, it is important that sufficient bar
length remain along one edge to allow future bar force verification and
retensioning. |f a coupler and extension bar will be used for future tensionings,
bars may be cut short, but a mirimum of 10in. of bar should remain beyond the
nut. When no coupler and extension bar will be used for future tensionings, the
bar length beyond the nut should be 18 to 24 in., depending on the bar length
required for the tensioning equipment.
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Design Guidelines for Stress-Laminated Bridge Decks Constructed with Visually Graded No. 2 Southern Pine Dimension Lumber

Background

The concept of stress-laminated wood bridges is relatively new in the
United States. Although bridges of this type have been built in Canada
since 1976, they were not introduced in the U.S. until the tate 1980s.
In April 1991, the American Association of State Highway and
Transportation Officials (AASHTO) published Guide Specifications for
the Design of Stress-Laminated Wood Bridges {AASHTO 1991). As a
guide specification, the publication represents the recommendations of
AASHTO and is open to comment and revision prior to adoption in the
AASHTO Standard Specifications for Highway Bridges. Itis anticipated
that design provisions for stress-laminated wood bridges will be
included in the AASHTO within the next several years.

The design criteria for stress-laminated Southern Pine bridge
superstructures presented on the preceding sheets are based on design
recommendations presented in the following references:

AASHTO. 1991. Guide Specifications for the Design of Stress-
Laminated Wood Decks. Washington, DC: American Association of
State and Highway Transportation Qfficials.

AASHTO. 1892. Standard Specifications for Highway Bridges, 15th
edition. Washington, DC: American Association of State and Highway
Transportation Officials. (with interims through 1994).

Ritter, M.A. 1980. Timber bridges; design, construction, inspection and
maintenance. EM7700-8. Washington, DC: U.S. Department of
Agriculture.

In general, the criteria follow the recommendations of the AASHTO
Guide Specifications for the Design of Stress-Laminated Wood.
However, minor modifications have been made to improve performance
or simplify the design process.

Design Procedures

The following procedures are for stress-laminated decks constructed of
No. 2 visually graded Southern Pine lumber. The lumber is dressed
{S48) with a nominal thickness of 2 in. {1.5 in. actua!) and widths of 8,
10, and 12in. (7.25, 9.25, and 11.25 in. actual, respectively). Design
references are included to AASHTO specifications with the notation
"AASHTO" signifying the Standard Specifications for Highway Bridges
and "AASHTO GS" signifying the Guide Specifications for the Design
of Stress-Laminated Wood Decks. Calculations and summary tables are
included to iflustrate the design methodology and values used for the
plans. Numbers noted in the calculations and summaries were rounded
for the final solution, but generally were not rounded for intermediate
steps. For additional design information, refer to the above references.

1. Define deck geometry and design live load.

Deck Geometry

Definitions and options for deck geometry are as follows:
Width: Bridge width is the total deck width measured out-to-out.

The plans include options for single-lane bridge widths of 12

to 18 ft and double-lane bridge widths of 22 1o 38 ft

Span: Bridge span is the distance measured center-to-center of
bearings. The plans are based on a minimum bearing length
at each bridge end of 10 in. Thus, the bridge span is 10 in.
less than the bridge length. A longer bearing length results
in a slightly conservative design.

Design Live Load

Plans include an option for either AASHTO HS20-44 or H525-44 vehicle
live loads {AASHTO 3.7). For both loads, the design is controlled by
the truck loads, rather than lane loads.

2. Select a species and grade of ination and

design values.

All designs are based on nominal 2 in. thick Southern Pine dimension
lumber, visually graded No. 2. The following tabulated design values
are obtained from AASHTO Table 13.5.1.A:

Table 1 - Tabulated Values for No. 2 Southern Pine Dimension Lumber

where:

E’ = allowable modulus of elasticity {Ib/i
= tabulated modulus of efasticity (ibfin.%);
Cyy = wet service factor = 0.90 {AASHTO 13.5.4.1}.

For 8, 10, and 12 in. nominal lumber;
E’= (1600000}(0.90} = 1,440,000 Ibjin..

Compression perpendicular to grain (AASHTO 13.6.6,
Foi = FulCu) @

allowable compression perpendicular to grain (Ib/in.%);
= tabulated compression perpendicular to grain (Ib/in.%;
Cy = wet service factor = 0.67 (AASHTO 13.5.4.1).

For 8, 10, and 12 in. nominal lumber; F,,* = {565)(0.67) = 379 Ibfin.%.

Allowable design values are based on wet service conditions and are
computed in accordance with the following equations_ for bending,
modulus of elasticity, and compression perpendicular to grain:

Bending (AASHTO 13.6.4):
Fy = F,C:CyCpCis m

allowable bending stress (Ib/in.?);

tabulated bending stress {Ib/in.2);

bending size factor = 1.0 {AASHTO 13.6.4.2);
wet service factor (AASHTO 13.5.4.1);

= 1.0 for F,.C¢ < 1,150 Ibjin.? {t = 10 and 12 in.)
0.85 for F,C; > 1,150 Ib/in.? (t = 8in.}

= load duration factor = 1.15 {AASHTO 13.5.4.2);
load sharing factor = 1.60 {AASHTO GS 13.2.71.

For: 8 in. nominal lumber; F,' = (1200)(1.0}{0.85}(1.15)(1.50)
= 1,760 Ibsin.2,

= (1050){1.0}{1.0}(1.15}(1.50)

1,811 Ibfin.2.

(975)(1.0H1.0){1.15){1.50}

= 1,682 Ib/in.2,

10 in. nominal lumber;

12 in. nominal lumber;

Modulus of elasticity {AASHTO 13.6.3):

- o 3. Choose a deck thi and P the width and
Nominal Tabulated Design Values (lb/in®) fective deck section properties.
Lumber Width Compression The design of stress-laminated decks is based on beam theory and
4 . Modulus of . N PN
{in.) Bending, F, Elasticity, E Perpendicular assumes that one wheel line of the design vehicle is supported by a
ve to Grain, F,, strip of deck width, measured normal to the bridge span, defined as the
8 1,200 1,600,000 565 Wheel Ipad distribf.mon width (AASHTF) GS$3.26.5.2). The .disrrlbut.ion
width is a function of the deck thickness and the design vehicle
10 1.050 1.600.000 565 maximum wheel load. Thus, a deck thickness must be estimated for
12 975 1,600,000 565 initial distribution width calculations. This estimated thickness may be

revised later in the design process if it is found to be insufficient or too
conservative.

Values shown in Table 2 are used to estimate deck thickness for No. 2
visually graded Southern Pine laminations, 8, 10 or 12 in. wide.
Options are given for loading and deflection limits of L/360 and L/$00.
Note that in most cases, the same deck thickness is required for both
the L/360 and L/500 deflection timits.

Table 2 - Estimated Deck Thickness

Bridge |Bridge Span| Estimated deck thickness (in.)

Length L HS 20-44 loading HS 25-44 loading
i) i 11360 | L/500 | L/360 | L/500
10 9.17 8 10 10 10
12 1.7 10 10 10 10
14 13.17 10 10 10 12
16 15.17 10 12 12 12
18 17.17 12 12 12 12
20 19.17 12 >12 12 >12

Calculations for distribution width and section properties, as well as
subsequent calculations for stresses and deflection, are based on the
actual lamination size rather than the nominal size. For nominal 8, 10

The distribution width is computed by the following equations:
b, - \0.025P Dy = b2t @
where: .
b, = wheel load tire width (in.) {AASHTO 3.30};
= 20.00 in. for HS 20-44
= 22.36 in. for HS 25-44
P = maximum wheel load {(Ib}{AASHTC 3.7);
= 16,000 Ib for the HS 20-44 vehicle
= 20,000 Ib for the HS 25-44 vehicle
wheel load distribution width (in.HAASHTO GS 3.25.5.2);
actual deck thickness {in.).

Section modulus and moment of inertia are computed for a beam with
a depth and width equal to the deck thickness and distribution width,
respectively:

Dy(t? . Dy(1)° (5}

s
6 12

where:
S = section modulus (in.%);
| = moment of inertia (in.*)

A summary of deck section properties is given in Table 3

Tabte 3 - Deck Section Properties
Nominal | Actual| AASHTO HS 20-44 AASHTC HS26-44

! t D.. s I D.. 3 I
tind A Gnd oy | ey | ey | oano | e | e

8 7.25 | 34.5 | 302.2(1,095.6] -
10 9.25 | 38.5 | 549.02,639.3{ 40.9
12 11.25 | 42.5 | 896.5 [5,042.7| 44.9

582.7 | 2,694.9
946.3| 5,322.8

4. Compute the deck dead load, dead load moment, and live load
moment.

Compute the dead load of the deck and wearing surface in pounds per
square foot using unit weights of 50 Ib/ft® for wood, 150 Ib/f1® for
asphalt pavement, and 490 Ib/ft® for steel (AASHTO 3.3.6). The dead
load of the bridge rail and stressing hardware is normally assumed to be
equally distributed across the deck width.

The dead load acting across the distribution width is computed by the

following equation:

DL(Dy)
12

Wy = (6}
where:

wyg, = dead load acting over the distribution width (fb/ft);

DL = deck dead load (ib/ft).

(2) and 12 in. laminations, the actual dimensions are 7.25, 9.25, and 11.25
E' = ECy in., respectively (AASHTO Table 13.2.1.A).
Length: Bridge length is the total deck length, measured end-to-end.

The plans include bridge length options of 10 te 20 ftin 2 ft

increments.  These increments correspond to standard

lumber lengths.
The bridge onthese Standard Plans for Southern Pine Bridges } August 1905
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The maximum dead load moment for a simple span deck with a
uniformly distributed load is computed by the following equation:
Wy L?
M, = —2L 7
> 8
where:
My, = maximum dead load moment (ft-1b);
L = bridge span measured center-to-center of bearings (ft}.

A summary of dead load values is given in Table 4.

Table 4 - Dead Load Summary

Length]| L Ac:.,a. oL HS 20-44 HS 25-44
(T BT I (Ib/ft?y | Wou Mo, Woy Mo,
(Ib/fy | dftb) | (b/fn | iftib)
10 [9.17| 7.25 | 98 [280.9] 2,950 ] —
10 [9.17 | 9.25 [ 106 [340.2] 3,573.5 | 361.1 | 3,792.6
12 [11.17| 9.25 | 106 [340.2] 5,302.9 | 361.1 | 5,628.1
14 [13.17] 9.25 | 106 |340.2| 7,372.5 | 361.1 | 7,824.6
14 [1317]11.25] 114 427.6 | 9.265.7
16 |15.17| 9.25 | 106 |340.2| 9,782.4 | — —
16 [15.17]11.26] 114 [406.1[11,647.4] 427.6 |12,294.4
18 [17.17|11.25] 114 [405.1[14,921.8] 427.6 |15,750.6
20 [19.17]11.26] 114 [405.1[18,601.2 427.6 |19,634.5

! Based on 30 Ib/ft? for rail and stressing hardware.

The maximum live load moment, M, for one wheel line of the design
vehicle on a simple span deck is computed using statics, or by obtaining
the maximum moment value from design tables. Values used for
preparation of the plans are shown in Table 5.

Table 6 - Bending Stress

S A ’H520v44 ’ HS 25-44

f R ubF/?n}) (lbf/'iJnZ) fFS 1IbF/’?nZ) (Ib::nz) W/E
10 | 917 {7.25] 1,760 |1,573} 0.89 | - — -
10 | 917 [9.25| 1,811 ] 880 | 0.49] 1,811 [1,022} 0.56
12 [11.97]9.25] 1,811 [1,092] 0.60| 1,811 [1,266} 0.70
14 [13.17]9.25] 1,811 [1,312[ 0.72] 1,811 [1,517] 0.84
14 [1347]11.28) — - 1,682 | 952 | 0.67
16 [15.17]9.26] 1,811 | 15840 0.85 | — -

16 [15.17[11.25] 1,682 | 968 [ 0.58| 1,682 [1,118] 0.66
18 [17.17|11.25] 1,682 |1,119[ 0.67 | 1,682 |1,288} 0.77
20 |19.17|11.25[ 1,682 [1,275] 0.76 | 1,682 [1,464] 0.87

6. Check live load deflection.

Maximum live load deflection is computed for one wheel line of the
design vehicle. For deflection only, the wheel load distribution width
may be increased by a factor of 1.15 {(AASHTO GS 3.25.5.3). Thus,
the moment of inertia determined in Equation 5 is multiplied by 1.15.
Deflection is computed by statics or by coefficients given in design

handbooks. Using a handbook coefficient:
2%
A, = —= (9}
- ITRT)
where:

A, = vehicle live load deflection {in.);
DC = live load deflection coefficient (Ritter 1990)(lb-in.’}.

If the computed live load deflection exceeds the design limit, deck
thickness is unacceptable and must be increased. AASHTO

8. Determine the size and spacing of the prestressing bars and the
required prestressing force.

The size and spacing of prestressing bars must satisfy the following
equations {AASHTO GS 13.11.2.3):

st

A 2

s

and A < 0.0016 {10
st

Ag = cross-sectional area of the prestressing bar (in.’};
= initial prestress = 100 (b/in.?%;

prestressing bar spacing (in.};

f, = allowable tensile stress for the prestressing bar = 105,000
Ib/in.* for ASTM A722 bars (AASHTO 9.15.1).

The required prestressing force, F,, {Ib), is computed by the following
equation:

Fupist an

For all spans and deck thicknesses, 5/8 in. diameter ASTM A722 bars
are selected with a 24 in, center-to-center spacing. A summary of
prestressing bar information is given in Table 8.

Table 8 -Prestressing Bar Summary

Nominat | Actual Ag s {psti/f, Ast Fos

ting | ting | (in® (in.) (in’) (i} {ib}
8 7.25 0.28 24 0.166 | 0.0016 | 17,400
10 9.25 0.28 24 0.211 0.0013 | 22,200
12 11.25 { 0.28 24 0.257 | 0.0010 | 27.000

9. Design the prestressing bar anchorage system.

L, = length of anchorage plate (in.).
A summary of the anchorage system is given in Table 9.

Table 9 - Prestressing Bar Anchorage Summary

Nominal deck thickness, t {in.)
Parameter
8 10 12
Bearing plate size
Lox W, x 1 (in) 7x7 9x9 1M1 x1
Anchor plate size
Loxw. x| %4 ax4 4x4
A,, minimum (in.%) 46.0 58.6 71.3
A, actual (in. 49.0 81.0 121.0
fep {Ibfin.?) 355.1 2741 22341
k 1.5 2.5 3.5
t, minimum (in.) 0.35 0.561 0.64
11. D the support ig ion and check bearing stress.

Supports for stress-laminated decks must be designed to resist the
vertical and lateral forces transmitted from the superstructure to the
substructure. The required bearing length is normally controlled by
considerations for bearing configuration, rather than compressive
strength perpendicular to grain. From a practical standpoint, a minimum
bearing length of 10 in. is recommended. Bearing attachments are
normally made through the deck to the supporting cap or sill, or from
the deck underside. Such attachments are illustrated on Sheet 3.

Bearing stress in compression perpendicutar to grain is checked for the
maximum reaction at the support due to the bridge dead load and one
wheel line of the design vehicle. This load is distributed over an area

recommends a maximum live load deflection of L/500 {AASHTO GS The bar anchorage system consists of a steel bearing plate and a defined by the distribution width, D ; and the bearing length, |,. Bearing
Table & - Maximum Live Load Moment 13.11.3.1}). Since a deflection limit of L/360 is sufficient for most smaller steel anchorage plate that transfer the force of the stressing stress is computed using the following equation:
Live load moment per wheel line (ft-ib) bridges, the plans include both limits. A summary of live load bars into the wood laminations. They must be designed conservatively Ao+ A,
Length (f1) L o ions computed by Equation 9 is given in Table 7. to ensure that compressive stress applied to the exterior laminations o, ot i (18)
9 HS 20-44 HS 25-44 does not cause wood crushing. Dty
10 38.17 36,670 45,830 Table 7 - Live Load Deflection where:
12 ITRE; 24.670 55,830 HS 20-44 loading HS 25-44 loading The minimum area of the steel bearing plate in square inches, A, is Ry, = dead load reaction (Ib):
- - . Length] L |Actual| given by Equation 12 {AASHTO GS 13.11.2.4). Minimum bearing plate R, = maximum live foad reaction for one wheel line of vehicle (Ib};
14 13.17 52,670 65.830 [N I U DC | B |y, DC Al thickness is computed by Equation 13 (AASHTO GS 13.11.2.4). I, = deck bearing length at the support {in.).
16 15.17 60,670 75,830 {lb-in%) | (in.} {b-in®  flin.)
0 . .
N 0 BB [ S ERA ) EXEH R N I g ot
& J i - e .
20 19.17 76,670 95,830 10 19.17] 9.25 |4.44x10%| 0.11 | 1043 ] 5.55x10° [0.12| 885 ad Fc/
12 [11.17] 9.26 [8.02x10°] 0.19] 703 | 1.00x10° J0.22 597 Table 10 - Bearing Summary
5. Compyte maxim_um deck.bending st(ess. ) 14 113.17{ 9.25 [1.31x10°[ 0.31 | 505 | 1.64x10°[0.37] 429 B (K 05 HS 20-44 loading HS 25-44 loading
The maximum applied bending stress is computed by the following 14 |13.17111.25 — — 1.84x10° [0.19| 847 (Dp)( ) 13) Length! t = = ; A P T
equation: 1, (e | Gn) oL L L ot w [
. 16 115.17| 9.25 | 2.01x10° 0.48{ 381 - - - {Ib) (1b) {Ib/in.?) (Ib) (Ib} (Ibfin.%}
(Mp + M) (12 infft)y (8
for e 16 [15.17[11.25/2.01x10°[ 0.24 | 756 | 2.51x10°|0.28} 639 10 | 7.25 | 1,405 )16,000| 50.5 - -
. B . °| 0. 8 ® 0. 4 L-L, B B 10 9.25 | 1,701 | 16,000| 46.0 | 1,805 [20,000| 53.4
The applied bending stress must not exceed the allowable bending 18 |17.17]11.25{2.91x10°] 0.35 ] 690 | 3.64x10° [0.41] 499 k= or —2—2  whichever is greater 14
stress. If f,<F,’, the deck is sufficient in bending. If f, is substantially 20 ]19.17]11.25|4.06x10°| 0.49 | 474 | 5.07x10° [0.58] 400 2 12 | 9.25 12041 )16,000f 469 [ 2167 j20,000] 54.3
less than F,’, a thinner deck may be more economical; however, no where: 14 | 9.26 12,382 |16,000| 47.7 | 2,628 }20,000| 55.1
changes in deck thickness should be made until after live load deflection 7. D the required pi level. t, = bearing plate thickness (in.2); 14 |11.25 — _ _ 2993 |20,000| 51.3
is checked. If f,>F,’, the deck is insufficient in bending and the deck The level of compressive prestress between the laminations must be fy, = actual bearing stress under the bearing plate {Ib/in.%; _ . : -
thickness must be increased. sufficient to offset flexural tension caused by transverse bending and k = plate size parameter (in.}; 16 9.25 | 2722 117,230| 51.8 — - _
vertical slip caused by transverse shear. Different methods for f, = allowable bending stress for the steel plate = 20,000 (b/in.? for 16 11.25| 3,241 [ 17,230| 48.2 3,421 |21,540| 55.6
A summary of bending stresses is given in Table 6. determining the initial prestress level are given in several publications ASTM A36 steel (AASHTO 10.32.1);
{AASHTO 1981; Ritter 1990). For these designs, an initial prestress of W, = width of bearing plate {in.); 18 111,25} 3,646 |18,950] §3.2 | 3,848 |23.690) 61.4
100 Ib/in.? was selected because it has been widely used and has W, = width of anchorage plate (in.}; 20 {11.25]4,051120,230| 57.3 | 4.275 [25,390| 66.1
provided good performance for Southern Pine decks. L, = length of bearing plate {in.};
The bridge on these i j ust 1995
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Substructure (by others) shown—

for Tllustrotive purposes

4 ft interior bor spocing (typicol)
See Detoil A ond F.

Outside bor spocing varies
See Detoil A ond F.

1 in. # stressing bor
See notes 22 and 25.

§ —-——

Approach roil and
/ transition (by others)

K

L=Bridge spon measured
ngs

e-c of beorin

Length= Bridge length

sured out-~cut

W= Bridge width
measured out-oul

Bituminous wearing surface

Crosh-tested bridge roil option

See Detoil

Roil option shown

See Anchorage Detail D.

See Substructure Attachment Detoil 8.

NOTES AND REQUIREMENTS

DESIGN

1.These drawings are for stress-taminated timber bridge
decks constructed of Southern Pine glued laminated timber.
The designs are applicable for single- and double- lane
rectangular brdges (no skew) with simple span lengths of 20
10 32 ftin 2 ftincrements. Design truck foading is AASHTO
HS 20-44 or HS 2544

2. Unless noted. designs comply with the Standard
Specitications for Highway Bridges (15th Edition, 1992)
(with interims through 1994) and Guide Specifications for
the Design of Stress-Laminated Wood Decks {1991),
published by the American Association of State Highway and
Transportation Officials. Design criteria and procedures are
shown on Sheets 9 through 11

3. Designs are applicable 1o single-tane and double-lane
bridges, 12 to 38 ft wide. Guidelines for determining the
requited number of laminations, bar fengths, and other
material quantities are given on Sheet 7.

4. The plans are based upon beanng lengths of 10 in. A
fanger bearing length will result in a slightly conservative
design.

. The controlling design criteria for deck thickness is live
toad deflection (see Sheets 9-11). The required deck
thickness for a stated bridge length is determined from Table
1, based on the design loading and live load deflection limits
of 17360 or 1/500 of the bridge span (L), measured center-
to-center of bearings

6. Unless noted, plan dimensions for sawn lumber are
nominal dimensions. Dimensions for glulam timber are actual
dimensions.  Fabrication details and design calcutations
(Sheet 5-6 and 9-11) are based on actual dimensions.

7. These designs are intended for informational purposes.
only and must be verified by a registered protessional
engineer prior to construction.

MATERIAL AND FABRICATION
Wood

8. Sawn lumber and glued laminated timber shall comply
with the requirements of AASHTO M168.

9. Gtued laminated timber used as deck laminations shall be
Combination 24F-V3 Southern Pine, cambered as specified
on Sheet 6. Glued laminated timber rail material shail be
Combination No. 48 Southern Pine.

10. The exterior laminations along each deck edge shall be
Southern Pine Comb. No. 48 or glulam timber

22. Stressing bars shall be 1 in. diameter and shall comply

from Northern Red Oak. Red Maple, or another treatable
dense hardwood species

1. Unless noted. all fumber shall ho dressed (S4S)
Southern Pire. Lumber 2 to 4 in. shall be visually graded
No. 2 or better. Lumber 5 in. or greater in thickness shall be
visually graded No. 1 or better

12. All glulam deck laminations shall be continuous between
supports with no butt joints.

13 Unless noted, all wood shall be cut. driled. and
compietely fabricated prior 1o pressure treatment with
preservatives.

14 The moisture content of sawn fumber prior to and after
treatment shall not exceed 15% for lumber 2 10 4 in. thick,
and 18% for lumber thicker than 4 in. Moisture content ot
glued laminated timber shall not exceed 16%

15. Fabrication detais for wood members are shown on
Sheets 5 and 6. Each member shali be legibly marked with
the designated mark number to aid in

with the of ASTM A722. Nuts and couplers
for stcessing bars shall be provided by the bar manufacturer,

23. Split rings shall be manufactured from SAE 1010 hot
rolled carban steel. Shear plates shali be malleable iron
manufactured according o Grade 32510 of ASTM A47.

24. Washers shall be provided bolt and lag screw heads and
under nuts that are in contact with woad. Washers may be
omitted under heads of special timber bolts or dome-head
bolts when the size and strength of the head is sufficient to
devefop connection strength without wood crushing.

25. Al steel components and fasteners shall be galvanized
in accordance with AASHTO M111 or AASHTO M232.
Gaivanizing of stressing bars shall follow the

of the bar 0 as not to
adversely affect the mechanical properties of the high
strength steel

26. All nuts for bolts and suessing bars shall be oversized
o re threaded to ensure proper fit after galvanizing.

Mi

Preservative Treatment

16. All sawn lumber shall be treated in accordance with the
(equirements of AWPA Standard C14 with one of the
following preservatives:
a. Creosote conforming 10 AWPA Standard P1
b. Pantachlorophenol contorming to AWPA Standard P8
in hydrocarbon solvent, Type A, conforming to AWPA
Standard P9
c. CCA conforming to AWPA Standard P5

17. Glulam shall be treated to the above requirements with
creosote or pentachlorophenal.

18.  Material treated with creosote or pentachlorophenol
shall be free of excess preservative on the wood surface.
The treating process for these preservatives shall nclude an
expansion bath, steaming and/or dripping to ensure that
preservative will not biged

19. Preservative treatment shall be inspected and certified
in accordance with AWPA Standard M2.

Steel Fasteners and Hardware

20.  Steel plates and shapes shall comply with the
requirements of ASTM A36.

21. Bolts and lag screws shall comply with the requirements.
of ANSI/ASME Standard B18.2.1-1981, Grade 2

27. Geotexiile fabric should be an impregnated, non-woven
fabric that provides a watertight membrane over the deck
surface. App and of the
fahric with the preservative treatment shall be verified with
the manufacturer prior to fabric placement

28. Sealer for wood end grain is typically a commercial
roofing cement

CONSTRUCTION

28. Al wood and metal components shall be handled and
stored carefully 50 as not to damage the material. If damage
does occur, wood shall be field treated in accordance with
Note 30. Damage to galvanized surfaces shall be repaired
with a cold galvanizing compound or other approved coating.

30. When field fabrication of wood is required or if wood is
damaged, all cuts, bore holes, and damage shall be
immediately field treated with wood preservative in
accordance with AWPA Standard M4

31. Stressing bars shall be fully tensioned to the values
specified in Table 2, in accordance with the following
sequence:

1. Initially, at construction

2. 1 week after the initial stressing

3. 68 weeks after the second stressing
In addition, it is recommended that the bars be checked, and
retensioned as required. 2 years after construction and at
3 year intervals thereafter until the bar force

Table 1 - Minimum Required Deck Thickness (in.)' stabilizes
Bridge fength | Bridge span’ HS 20-44 HS 25-44 32. Refer to Sheets 7 and 8 for recommended bar stressing
(it} (ft. in.) L/360° 1/500° Lr36G° Li5007 procedures and considerations.
20 19,2 1 12-3/8 11 12-318
Rail option 22 21,2 1 12.3/8 12.3/8 13314 Table 2 - Bar Stressing Requirements
_—E See Weoring Surface Detail C. 24 23.2 12:3:8 1334 13:3/4 13-314 Deck Thickness fin.) Required Bar Tension {Ib)
: Curb option - p y
4 26 25,2 13-3:4 15.1/8 1334 15-1/8 n 52,800
= 28 27,2 1334 15178 15.1/8 16-172 2an Toa00
IORRRARURRU RN NRARERRRAROUAERERRR RN NRANNDDRRRUUNDENND 30 29,2 15-1/8 16-1,2 16-1/8 N/A "
LUERRNNI SN NRANNS DAV TERNRRA NN NTNRNDRNNTNANNONND It ! 13-3i4 66,000
) 32 31,2 15-1/8 16172 16112 N/A TRV 52600
Deck tnickness 1 Minimum deck thickness is controlled by deftection (sce Sheets 911 and is based on glulam beams %17 75,200
Southern Pine glulom 24F-V3 Exterior tomination . manufactured from 1-3/8 in. thick horizontal laminations.
interior lominations (typical) th edges) 2 Bridge span, L, is measured center-to-center of beanngs. assuming a minimum 10 in. bearing
See nole 9. See note 10. length at each abutment
3 Deflection limit as a fraction of bridge span, L.
NiA = Deck thickness greater than 16-1/2 in. equired.
The bridge supersinuchr on these Standard Plans for Southern Pine Bridges August 1995
‘between the USDA Forest Service, Forest Products
L the L of and the
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E Curb Option Configuration and Scupper Spacing

Ll
LI

Minimum recommended compocted povement
thickness is 2.5 in. ol centeriine ond 1.5 in.
ot retainer strip. Povement sholl not be below
retoiner strip elevation.

Side View
20" Length Curb splice 32" Length
Mork 24 (typicol) Mork 23 Mark 23 Mark 25 Mark 26 Mork 23
« x ‘ +
I Iml ITE' IEI | o] [®] [=] =] [@
- " ) " I o N
Lo 7 t 8 J,- 7——+—H‘, +
22 Length Sphiced curbs moy be continuous when sown lumber of sufficient length is ovoilable or when glulam timber curbs ore used.
Mork 24 Mark 24
ﬁ - =i -
@ . .
| ‘? (=] [®] (=] ElI ‘T’ l Curb Detail Curb Detail
Lemy) 10" T 10° uEn End View Side View
24° Length 6 x 10 in.
i Mork 23~ Mark 26 Mork 23 sown lumber curb
H_r = é A % k4 l_% 3 Curb splice \ {
x 10 in, - -
S Tel TIs[ o] el To L2002 e o 27 #o o e
[ 7 1 . 1 » [
P u + s _r
A t
26 Length
" ark 23 Mark 25 Mork 23 ( L
hJ 7 5/8 in. # dome head bolis (typical).
Field drill 13/16 in. # holes through
® (=] = (=] [E] [®] = deck. Field treot per note 30, Sheet 2.
- s ] . 1 . |
Ly t + 1
28" Length . Curb Splice Detail
Mork 2. -\‘ Mork 26 ) Mork 24 Side View
Hm! =l IP % rﬁ - e
[T . AN I i 11 \ 1 /
LUETLET A T A 'I'|>'I".'I
£ g4 s
30° Length
Mark 24 Mork 25 Mark 24
. 4
® |=] [®] [®] [=] = [
[ - § I 10~ 1]
et ' v LR See fabrication detoils, Sheels 5 and 6.
@ Wearing Surface @ Anchorage Configuration |E| Drip Strip
Side View End View End View
Roil ond connecting
hardwore omitted for clority — X
[ Hex ool Roil ond connecting
. . . hordware omitted for clority
2 x 4 in. vetginer strip—| Mork 22~ | S Cut washer
Geotexlile membrone
ocross entire deck . ’
See note 27, Sheet 2. 1 in. @ stressing bor. 3/4 in. thick \, Geatextile

n, thick
anchor plote bearing plote

7
3/8 in. 8 x & in. T
iog scre: .
9 " Plote Requirements ! >§3\(JZ to 45
|
Field drill 5/16 in. ® log screw ) ) |
lead hole, 2 in. deep into deck. Deck hickness Bearing Plate  Anchor Plote
Field treol per note 30, Sheel 2. 1238 ;:- Mg;k H Mg;k 3 ) o )
13.75 in. Mark 10 Mork 13 Drip strip is 20 goge galvonized.
1513 in. Mork 11 o 1s sheet metal attoched to deck with
18.50 in. Yok 12 Mork 14 1 in. galvonized roofing noils.

Suggested Deck/Substructure Attachment

Timber Abutment Attochment
Side View

Geotextile fabric —\

Neoprene bus!

Deck i
+

Backwall
planks

6 x6x

Concrete Abutment Attachment
Side View

fobric joint

filler, typ.

or log screw
3/4 in. 8 bolt

Timber Abutment Attachment
Side View

Y e Geotexlile fobric

§

Timber Bent Attachment
Side View

Deck

hing

1/2 in. angle

Premolded joint

Geotextile lnbric\ filer, typ.

Deck

Iarza
1

These details are ive of common
for illustrative puwoses only. The onochm:nls must

ond ore shown
be designed for spec:lvc locations.

The following in mos|

1. Atlochment bolt spocing sholl not exceed 4 [t

2. Minimum bearing sholl be 10 in. ot abulments

t
over the entire bridge width.

and 7 in, ot bents.

3. Geotexlile fobric shall wrop over abulment ends o minimum of 2 ft verticolly.
2.

See note 27, Sheet

4. Bolts ore 3/4 in. ®. Use dome heod bolts in wood contoct ond hex boits

in steel contoct. Field drill deck bolt holes 13/
in gccordonce with note 30, Sheet 2.

5. Log screws for deck ottochment ore os follows:

A. For 8 in. deck, 3/4 in. ® x 6 in;
Counterbore 13/16 in.  x 2-1/2 in

Prebore

. For 10 ond 12 in, deck, 3/4 in. @ x 8 i
lead hole. Counterbore 13/16 in, 8 x s 1/2

6. Apply preservotive to olt field borings. See note

16 in. @ ond field treot

11/16 in. @ iead hole.

Premm 11/16 in. 8

30, Sheet 2.
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Rail Option Configuration and Scupper Spacing

{Mork 35

- Spiice
= —]

[®]

20° Length 26' Length
Scupper block Roil Curb
i T
I~ F I | I | AN | I =
J N| ' x| J 1 T Tk
1-: |-1" T T t—t ._+_+—4- #

rMurl« 38

—

® [=]

. g J'

=+

Mork 31
+

s I

Mark 20

Rail Detail

End View

Coat_post end grain
with bituminous sealer

See note 28, Sheet 2 3/4 glulom rail

4—3/4‘\ [6_

.
/2 i - I
8 x 8 in. post—“—- — 1"
28 b ~ l
Spacer block, Mork 2i Curb
6 x 12 in. sawn lumber cob———| & 37
Plote wosher, Mork 29 !
t ‘ond bock Curb
4 - ¢
® split rings or bock —
to bock sheor plotes |
6 x 12 in. scupper — ]
Deck & %
3/4 in. @ x 16 in. orive spike or
3/4 in. ® x 16 in. iog screw ot t/2
Treot field boring
Side View
Sym.
oBout

5/8 in. & bolts [
ANE

[ T ]
¢ {
EI o] 1= : |
} 1 } B - l: ks 7
3/4 in. @ bolts: 1-1/4 in. bolt
24 Length
{ 0 )
=L =1 I N = = =5 I N =1
BT _T_Dig T %' T m > X T ng_.r _.r%’ T BT T
TRUE] T T T LTUSD T 4 3 - 1 TUeH
Mark 15 Mork 18
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Bridge Deck Glutam Deck Laminotions; SP Comb. 24F-V3 Wearing Surface Retainer 2 x 4 in. Retainer Strip; No. 2 SP
Glulom Deck Edge Lominations; SP Comb. No. 48 or Hardwood (See note 10, Sheet 2)
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Rail Option

Table 3 - Minimum Camber Requirements

Bridge Deck Minimum
Length Thickness Camber
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Table 4 - Table of Material Quantities

Item

Mark/Size

Bridge Length (ft)

Construction Recommendations and Procedures

Assembly Adjacent to the Site

Stress-laminated bridges may be completely assembied adjacent to the site and lifted
into place with a crane. To accomplish this, a level site is necessary and wood
blocking or other supports are needed at the bridge ends 1o serve as temporary
abutments. Laminations may be placed on the supports individually or in panels as

After . the bars must be fully tensioned, as discussed
below before the bridge is lifted. When lifting the assembled bridge. use lifting eyes
through the top of the bridge or use spreader beams under the bridge. Do notlift the
bridge by the stressing bars as this may cause the bars to bend or laminations to slip.

BAR TENSIONING

The prestressing system is perhaps the most important part of a stress-laminated
bridge because it holds the bridge together and develops the necessary friction
between the laminations Thus, it is important that a sufficient level of uniform,

be between the lumber laminations in order for a
stross- Iammated bridge to perform properly.

for bar ing using a single hydraulic jack, which is the most
economical and commonly used, are given below.

Equipment and Procedures

Stress-laminated bridges are stressed together with a hydraulic jack that applies
tension to the prestressing bar by pulling the bar away from the steel anchor plate.
After the tension is applied, the nut is tightened against the anchor plate and the
tension remains in the bar when jack pressure is released. The typical equipment for
bar tensioning consists of a hydraulic hollow-core jack, pump, hose and gauge, a steel

Material quantities are approximate and do net include quantities lor substructure attachment options.

20 22 24 26 28 30 32
The performance and longevity of any bridge depends on the materials and
Bridge Deck construction rec ndations for the proper construction of
follow. I 1 d
P ——— s s e P v ey Ys P bridges given in these drawings follow. It is advisable to read and
understand ali these recommendations prior to beginning construction. For additional
Stressing bars lin. o 5 6 6 B B B s information, refer to the drawing notes and Timber Bridges: Design, Construction,
tsee Note 6 for length} Inspection, and Maintenance (Ritter 1930).
Stessing bar nuts Tin. 0 10 12 12 14 14 16 16
Bar bearing plate MK-8 through MK-12 10 12 12 14 14 16 16 MATERIALS
Bar anchor plate MK-13 through MK-14 10 12 12 14 14 16 16 The following recommendations should be followed for matenals:
Wearing Surface
1. Giulam timber must comply with the requirements of ANSAITC A190.1 and be
Geotextile fabric {yd’} See Note 4 properly treated with wood preservatives.
Asphalt pavement (yd?) - See Note 5 ) 6
Glul nerally manuf st t of 10% to 16%.
Retainer strip MK-22 44tn 1t | 48ln ft | 52%n ft | 5616 ft | 60 n. ft | 64 fm £ ulam is generally manufactured at a moisture content o ¢ %
1 should be from exposure at the job site to maintain this low
Lag screws 3/8in. ax4 in. 35 38 40 40 45 50 50 moisture content priof 10 construction.
Cut washers 3/8in. o 35 35 40 40 45 50 50
= 3. The location and size of holes in the laminations for stressing bars should be verified
Curb Option before bridge erection. Misaligned or undersized holes wilt make bar insertion
Do 2s covr2s o a2 o | semk2s difficult and may require field drilling. Oversized holes may reduce the bridge load
, y ) OMK- i @MK-. 4@MK- a@MK-24 | s@MK-2 capacit
Curb MK-23 though MK-26 | Domi.za | “OMK29 | 2omk.26 | 2eMK-25 | 20MK-26 | 26MK .25 ESSE pactty:
Scupper block K27 6 5 8 s ) s 10 4. Nuts for galvanized stressing bars must be oversized x‘o compensate for the
g g. Nuts that are not cversized or reamed will not fit on the stressing bars.
Curb bolts with hex nuts® 3|" in e d"°:: 'ehr‘g:" = 12 12 16 16 16 16 20
Sin. + deck thickness 5. Proper material and/or quality ertificates should be received
Malleable iron washers 34in o 2 12 16 16 16 16 20 and verified for all materials.
Rail Option 6. Field cutting and drilling of treated wood members must be In cases
Glulam rail MK-15 through MK-21 || 26MK-2i | 20MK-20 | 2@MK-15 | 2@MK-16 | 2@MK-17 | 2eMK-18 | 26MK-19 where field fabrication is required, proper field treating is essentiel
Rail offset block MK 28 8 ) 10 12 12 12 12
BRIDGE ASSEMBLY
Post MK-30 B B 10 12 12 12 12 X
4@MK-45 6@MK-45 8@MK-45 B@MK-45 The stress-laminated bridge decks shown in these plans are typically assembled and
S¢ Hock MK-45 thi h MK.46 B8@MK-45 12@MK-45 12@MK-45
cupper bloc! roug aemk-a6 | °° somk-as | 'ZEMNES ] somkas | T2OMKAS | Lok ag stressed on the abutments. Another option is to assemble the bridge adjacent to the
oas | zemmay | 20MK34 | 26MK-32 | ZaMK38 | 20MK.35 | 2eMK33 bridge site and lift the stressed bridge into place with a crane. Guidelines for bridge
Curb® MK-31 through MK-44 ZgMK-dz ngK'M 2@MK-39 | 2@MK-38 | 2@MK-33 | 20MK-37 | 2@MK-35 assembiy using both approaches follow. In ali cases, the laminations must be placed
- : 2@MK-20 | 20MK-43 | 20MK-40 | 2@MK-a1 | 20MK-42 with the camber up.
. 34 in. o: bolt length =
.
Curb bolt with nut Tain  deck thiokness 32 32 40 a8 48 a8 a8 Assembly on the Abutments
Rail bolt with hex nut 5/8in. 0x 21 in. 18 18 20 i 24 24 24 When the bridge is assembled on the abutments, there are twa commonty used options
Post bolt with hex nut t-1/4in. ex 21 in. 8 8 10 12 12 12 12 for placing the laminations:
Malleable iron washer {rail) 5:8in. 0 16 16 20 24 24 24 24 o )
1. The are placed individually. Using this method, 4 10 8 laminations are
Malleable iron washer {curb) 3140, 0 32 32 40 48 48 48 48 placed on the abutments starting at the deck edge location. Wood dowels may be
Plate washer (post) MK-29 16 16 20 24 24 24 24 used 1o align hales. When holes are aligned, stressing bars are inserted and pushed
SOt Rings™® Py & o 7 o5 %6 ™ 26 through the holes. Continue 10 push the bars through the holes as subsequent
- — are added. It is important that the bars be supported on the free end
Curb Splice Bolts 3/4in. 0x6-1/2 in. 8 8 18 18 16 16 16 50 that they are not allowed 10 bend excessively. Bar bending may damage the bar
Miscellaneous or the galvanizing coating.
Wood preservative (Gal) ! ! ! 2 2 2 2 2. The are into panels. In this case, panels 2 to 4 ft wide
Bituminous sealer (Gal.l 1 2 2 2 2 2 2 are assembled by banding faminations together with metal bands. When placing

laminations, corner guards must be provided to prevent damage to the wood when
the bands are tightened. The holes must be aligned so that stressing bars can be

g chair, and backnut (Figure 1). The following should be
considered regarding equipment:

Figure 1 - Tensioning Equipment
and Configuration

Gauge

Hydroulic pump

Mydroulic jock

Beoring plote

Stee! chair

8] [T

Stressing bor

2. Refer 1o Sheets 5 and 6 for Mark (MK} numbers and corresponding fabrication details. See Sheet 2 for matenal specifications. easily inserted. After assembly, the panels are lifted onto the abutments and the Anchor aut Bockplote
3. Deck laminations, may be any standard giulam timber width up to 6-3 4 or a combination thereot. Therefore, the number of deck laminations depends bars are inserted and tensionad. When lifting panels, use full support across the .
on both bridge width and lamination width(s). It is recommended the deck width be increased approximately 2% to account for deck narrowing when bar bottom of the panels so that individual laminations do not move relative to one Dec Anchor plote
force s appled. Interior lamination material is Southern Pine Combination 24F-V3. For extefior lamination matenal, sce note 10, Sheet 2 another.
4. The required quantity of geotextile fabric is based on the following formula: fabric (yd) = { WL (9 ft':yd) |
5. The volume of compacted asphalt is determined by the following fermula: asphalt {yd" = § 0 1875 fti WL : (27 (t'yd™ | If bars are difficult to insert through the laminations and gently strking the bar aids
6. The bar fength is determined by the following formula: bar length iftl = W + 4(tth assembly, place a wood block over the end of the bar to protect the steel. Do not
7. Full iength curbs may be used. See Detail A, Sheet 3. For the above equations, hammer directly on the end of the bar. This will cause the steel to “mushroom* and
8. Bolt length should be verihied based on specified malerial dimensiors. W =Brdge width (fti; L=0ut-to-out bndge length ift} the nut cannot be properly threaded. Also be careful not to bend or otherwise damage
9. Full length curbs may be used. See Detail F, Sheet 4. the bar. If bars cannot be inserted without g. shift the | nation:
10. In lieu of split rings, back-to-back shear plates may be used. The quantity is twice (hat shown for split rngs as necessary until the holes align properly
The bridge pictad on these drawing Peron \ Standard Plans for Southern Pine Bridges August 1995
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1. The capacity of the jack must be sufficient to provide the design tension force

2. The pump may be hand operated or electric. Hand operated pumps are less
expensive but slower than electric pumps. Electric pumps also require an on-
site source of power.

3. The scale of the hydraulic gauge attached to the pump may be calibrated in
Ibfin.2 or tans. It is generally easier to work in tons. If the gauge is calibrated
in Ibfin.?, a table which converts Ib/in.” values to the jack force must be
provided.

4. The stressing chair is normally focally fabricated. An example of & typical
welded steel stressing chair for the bridges in these plans is shown in Figure
2. Itis important that the base of the chair be large enough te fit over the bar
anchor plate, but remain an the bearing plate. The chair must not bear directly
on the lumber laminations. The height of the chair should be 2 to 3 times the
length of the bar nut plus the anchor plate thickness.

8. The backplate is generally the same size as the bar anchor plate.

Figure 2 - Typical Welded Steel Chair

Al components A36 steel. 9x9x1 in. plate

1x1x6in. bar —\

4x1x9|n.ber

Sym. obout Sym. about

& ¢
|
i

1/4x1x8-1/2n. bar

g’ 4’1 _L‘ yZs
[J ]

6. Several extra backnuts should be kept on-hand during bar tensioning. After
repeated tensioning, the backnuts may tend te bind and should be replaced.

To tension the bars properly, there must be sufficient bar length beyond the nut
on which to place the tensioning equipment. It is generally bensficial to select
one bridge edge and place alt bar extension on that edge. On the opposite edge,
bars should extend approximately 1in. beyond the nut. If there is insufficient bar
length for the tensioning equipment, a temporary coupler and bar extension may
be used (Figure 3). If this is done, it is cntical that each bar be threaded fully into
half the coupler length. Failure to do so may result in coupler breakage. Itis also
important to verify that the holes in the hydraulic jack and

stressing chair are large enough to fit over the coupler.

Figure 3 - Typical Coupler and
Extension Bar Assembly

Stressing bar

@_Hﬁq

-

RN

Extension bar

Steel coupler

Coupler is threaded halfway onto stressing
bar ond holfwoy onto extension bar.

During all bar tensioning procedures, it is important that personnet not stand in
front of the bar, or place hands or other body parts on or near the tensioning
equipment. At the high force during tensioning, a broken bar will exit at great
speed and force and can cause serious injury or death. Itis also important not to
lift the jack by the hydraulic hose as this may damage the hose and cause rupture
under high oil pressure. To aid in handling, a rope securely tied to the jack may
be beneficial.

The following steps outline the typical procedure for bar tensioning.

. Place the chair and jack on the bar. Place the jack so that the cylinder extends
away from the bridge. Placing the cylinder against the chair may cause the
chair to bend.

5. Release the pump hydraulic pressure slowly and remove the tensioning
equipment. If the outside nut binds, tap it gently along the bar axis to loosen
the threads.

Tensioning Sequence

For a stress-laminated bridge to function properly, all bars must be tensioned
uniformty to the design force. As the bars are tensioned, the laminations
compress and the bridge deck narrows. When using a single hydraulic jack,
tensioning one bar compresses the bridge and causes the force in adjacent bars
to decrease. This effect is most pranounced when the bridge is imitially tensioned
and decreases as the force in all bars becomes equal. To compensate for this
effect, bars must be sequentially tensioned severat times to equalize force. This
is generally accomplished by tensioning the first bar on one end of the bridge and

each bar down the bridge length. The process
is then repeated several times until all bars are fully tensioned to the design level.

As described in Note 31, Sheet 2, the bar

Nut Turn Method

To determine the bar force using the nut turn method, 8 wrench is ptaced on the
bar nut adjacent to the anchor plate and force is slowly appled to the hydraulic
jack. During the application of jack force, the wrench is pushed in the direction
toloosen the nut. The gauge reading at the point where the nut just begins 1o turn
can be converted to the approximate force in the bar. in some cases, the nut may
slightly bind on the bar and may not turn when the bar force is applied. In this
case, jack the bar until the nut is pulled away from the plate and turn the nut
slightly in both directions to loosen the binding. After turning the nut, be sure to
return it 1o the original positian prior to releasing the jack force. After this is
accomplished, the procedure to check bar force can be completed using the free-
turning nut.

Gauge Method

When the hydraulic jack applies tension to the bar, the gauge needle moves
relatively quickly as the load 15 initially applied. As the force increases, and the
full bar becomes tersioned. the needle movement is slower. When the bar force

must be three
times during the construction process.

1. at the time of bridge erection

2. approximately 1 week after the first tensioning

3. 6 to 8 weeks after the second tensioning

When initially tensioning bars with a single jack, it is important that the tension
be applied gradually to prevent distortion alang the bridge edges. If bars are

initially tensioned to the full design level, the bridge edges may become distorted.
For best results, the following is for the first

. Starting at one end of the bridge, sequentially tension each bar to
approximately 25% of the design level. During this process, a stringline may
be used to ensure that the edges of the bridge remain straight.

N

Following the same procedure, tensian each bar to approximately 50% of the
design level. The force level may be varied slightly to ensure that brdge edges
remain straight.

@

. Sequentially tension each bar to the full design level. Again, the force level
may be varied slightly to ensure that bridge edges remain straight.

IS

Return to the first bar, and repeat step 3.

@

. Check the force in several bars using the procedures described below. If the
force is 10% or more below the design level, retension the bar. Generally, the
above steps are sufficient to achieve uniform bar tension; however, in some
cases step 3 will have to be repeated ane or two more times.

After the above initial tensioning, the bars must be retensioned a second and third
time in with the previously At the
conclusion of each bar tensioning, the force level should be checked to verify that
all bars are at the design level. When the last two tensionings are completed, the
bar force should stabilize and should not drop below 40% of the design level.
However, the decrease in bar force depends on many factors and should be
checked pericdically after construction. It is recommended that the bar force be
checked 2 years after and at 3 year intervals
thereafter until the bar force stabilizes. This typically requires little time or
equipment and will ensure that the bridge performs properly over the design life.

is over and the jack begins to apply force to the entire bar, there is a slight
pause in the gauge needle rise. This occurs approximately at the point where the
force in the jack equals the force in the bar. To check bar force using this
method. slowly pump the hydraulic pump and watch the mavement of the gauge
needle. When the jack is pumped, and the needle stops moving momentarily, note
the gauge reading. This reading represents the approximate bar force. At this
time, it will also become slightly more difficult to pump the jack. Using this
method requires a "feel” for the release paint and should be practiced prior to
determining the bar force.

Tensioning Considerations

As the bars are tensioned, the laminations compress and the bridge width will
narsow sfightly. This is most pronounced when the bars are initially tensioned and

with it is therefore advisabla to defay
substructure attachment and curb and rail placement until after the second bar
tensioning. It is also advisable to wait until after the second or third bar
tensioning to apply the asphalt wearing surface

After the bars in a bridge have been tensioned, it is important that sufficient bar
length remain along one edge to allow retensioning of the bars, If a coupler and
extension bar will be used for future tensionings, bars may be cut short, but a
minimum of 10 in. of bar should remain beyand the nut. When no coupler and
extension bar will be used for future tensionings, the bar length beyond the nut
should be 18 to 24 in., depending on the bar length required for the tensioning
equipment.

" 2. Place the backplate and backnut on the bar. Allow a small gap of
1/4" —f=— approximately 1/4 in. between the backplate and the jack to prevent binding. Checking Bar Force
@ 8-1/2 3. Apply hydraulic pressure to the jack until the gauge is a1 the required reading.  The force in tensioning bars can be checked quickly with the same equipment
it is common to apply approximately 10% greater force to compensate for  used for tensioning. The two methods given below provide acceptable estimates
" . fockoff losses when the nut is tightened. Ensure that the proper gauge scale  of bar force. The nut turn method is applicable to both the manual and electric
i H i 1 is used. Most gauges have several scales for different jacks. pumps and the gauge method is applicable only to hand-operated hydraulic
N pumps.
1/4 4. Tighten the bar nut against the bridge anchor plate; an open-end wrench
Bottomn View Plan View generally works best. As the nut is tightened, the gauge pressure on the
hydraulic pump will drop slightly. On occasion, the nut may bind slightly an
the iZi It is important to tighten the nut sufficiently to ensure that it
bears tightly against the anchor plate.
The bridge sup onthese - i i ust 1995
idoe supersirichur ¢ SOUTHERN Standard Plans for Southern Pine Bridges Aug
between the USDA Forest Service, Forest Products
Laboratory, the University of Alabama and the Southern 3
3 g
Forest Products Association. [ s = Stress-Laminated Glulam Timber Decks C on R s Sheet 8of 11




Design Guidelines for Stress-Laminated Bridge Decks Constructed with Combination 24F-V3 Southern Pine

Background

The concept of stress-laminated wood bridges is relatively new in the
United States. Although bridges of this type have been.built in Canada
since 1976, they were not introduced in the U.S. until the late 1980's. In
April 1991, the American Association of State Highway and
Transportation Officials (AASHTO) published Guide Specifications for the
Design of Stress-Laminated Wood Bridges (AASHTO 1981). As a guide
specification, the publication represents the recommendations of
AASHTO and is open to comment and revision prior to adoption in the
AASHTO Standard Specifications for Highway Bridges. It is anticipated
that design provisions for stress-laminated wood brndges will be included
in the AASHTO within the next several years.

The design criteria for stress-laminated Southern Pine bridge
superstructures presented on the preceding sheets are based on design
recommendations presented in the following references:

AASHTO. 1991. Guide Specifications for the Design of Stress-Laminated
Wood Decks. Washington, DC: American Association of State and
Highway Transportation Officials.

AASHTO. 1992, Standard Specifications for Highway Bridges, 15th
edition. Washington, DC: American Association of State and Highway
Transportation Officials. (with interims through 1994).

Ritter, M.A. 1990. Timber bridges; design, construction, inspection and
maintenance. EM7700-8. Washington, DC: U.S., Department of
Agricutture.

live loads {AASHTO 3.7). For both loads. the design is controlled by the
truck loads, rather than lane loads.

2. Select a species and grade of glulam and compute allowable design
values.

All designs are based on Southern Pine glued laminated timber,
combination 24F-V3 with the exception of F._, which is based on a
hardwood glutam or SP Comb. No. 48. The following tabulated design
values are obtained from AASHTO Table 13.5.3.A:

Table 1 - Tabulated Values tor Southern Pine Glulam, Comb. 24F-V3

Tabulated Design Values (Ib/in.2}

: Modulus of Compression Perpendicular
Bending, F,, Elasticity. E, 10 Grain, F..., F, .,
2,400 1,800,000 650

Allowable design values are based on wet service conditions and are
in with the g equations for bending,

modulus of elasticity and compression perpendicular to grain. In

computing the volume factor, C,, a width of 6-3/4 in. is assumed.

Bending (AASHTO 13.6.4):
Fb/, = FuCuCpCy m

= allowable bending stress (lb/in.%);
w = tabulated bending stress (Ib/in.%);

lead. Thus, a deck thickness must be estimated for initial distribution
width calculations. This estimated thickness may be revised later in the
design process if it is found to be insufficient or too conservative.

Values shown in Table 2 are used to estimate deck thickness for Comb.
24F-V3 Southern Pine glulam. Options are given for loading and

deflection limits of L/360 and L/500. Note that in most cases, the same
deck thickness is required for both the L/360 and L/600 deflection limits.

Table 2 - Estimated Deck Thickness

Glued Laminated Timber

4. Compute the deck dead load, dead load moment, and live load
moment.

Compute the dead load of the deck and wearing surface in pounds per
square foot using unit weights of 50 Ib/ft* for wood, 150 Ib/ft? for asphalt
pavement, and 490 Ib/ft* for steel (AASHTO 3.3.6). The dead load of the
bridge rail and stressing hardware is normally assumed to be equally
distributed across the entire deck width.

The dead load acting across the distribution width is computed by the
foliowing equation:

N DL(D,) (6)
o 12
where
wy, = dead load acting over the distribution width (ib/ft};
DL = deck dead lead (ib/ft’).

The maximum dead load moment for a simple span deck with a uniformly
distributed load is computed by the following equation:

Bridge Bridge Estimated deck thickness iin.)

Length Span, L HS 20-44 {oading HS 25-44 loading
{ v 1360 | /500 | /360 | L/500
20 19.17 m 12-3/8 11 12-3/8
22 21.17 11 12-3/8 12-3/8 13-3/4
24 23.17 12-3/8 13-3/4 13-3/4 13-3/4
26 25.17 13-3/4 16-1/8 13-3/4 15-1/8
28 27.17 13-3/4 16-1/8 15-1/8 16-1/2
30 28.17 15-1/8 16-1/2 15-1/8 >16-1/2
32 31.17 15-1/8 16-1/2 16-1/2 >16-1/2

The distribution width is computed by the following equations:
b, = JO.025P Dy = b2t @

2
M, - Hal® 7
o 8
where:
Mg, maximum dead load moment {ft-Ib);

L = bridge span measured center-to-center of bearings {ftl.

A summary of dead load values is given in Table 4.

F, where: Table 4 - Dead Load Summary
in general, the criteria follow the recommendations of the AASHTO Guide Cw = wet service factor (AASHTO 13.5.4.1) = 0.80 b, = wheel load tire width (in.) (AASHTO 3.30); HS 20.44 HS 25.44
Specifications for the Design of Stress-Laminated Wood Decks. Co = load duration factor = 1.15 {AASHTO 13.5.4.2); P maximum wheel load {Ib)iAASHTO 3.7); Length L Actual | s
However, minor modifications have been made as noted in order to C, = volume factor= (21/L)"%{12/t)'*°(5.125/b}" ® < 1.0 16,000 (b for the HS 20-44 vehicle ) (ft) t b/ | wo, Mo, wo, Mg,
improve performance or simplify the design process. where: L =bridge span (ft); - = 20,0001Ib for the HS 25-44 vehicle {in.} {Ib/tt) (ft-1b) (Ib/tt) (ft-Ib)
. t =actual deck th_ickness (in.) !AASHTO 13.6.4.3); Dy wheel load dis‘trvbution ‘wnith (in.) (AASHTO GS 3.26.5.2); 20 1917 IR} 113 1396.7] 18.215.0 |419.0] 19.238.8
Design Procedures b =width of bending member {in.}; 6-3/4 in. assumed. t = actual deck thickness {in.).
The following procedures are for stress-laminated decks constructed of 20 19.17 1 12-3/8| 119 {444.0] 20.388.7 |467.4] 21,464.3
combination 24FV3 Southern Pine glued laminated timber. The Modulus of elasticity {AASHTO 13.6.3): b, = 20.00in. for HS 20-44 and 22.36in. for HS 25-44. 22 21.17 11 113 |396.7| 22,2147 - —
laminations have an actual thickness of 6-3/4 in. and actual widths of 11, (2)
12-3/8, 13-3/4, 15-1/8, and 16-1/2in. Design references to AASHTO £, - ECy, Section modulus and moment of inertia are computed for a beam with a 22 | 2117 | 12:3/8] 119 |444.0| 24.865.8 |467.4| 26,1775
specifications are included. The notation "AASHTO" signifies the depth and width equal to the deck thickness and distribution width 22 21.17 | 13-3/4| 125 - - 518.5| 29,038.7
Standard Specifications for Highway Bridges and "AASHTO GS™ signifies where: respectively: 24 23.17 | 12-3/8] 119 |aaa.0| 29,7868 — —~
the Guide Specifications for the Design of Stress-Laminated Wood Decks. €, = aliowable modulus of elasticity {Ib/in.%}; ' 3 :
Calculations and summary tables are included to iliustrate the design €, = tabulated modulus of elasticity {Ibfin.”); 8= M l= D) (5) bl 23.17 [ 13-3/4] 125 |494.0] 33.138.7518.5) 34.785.6
methodology and values used for the plans. Numbers noted in the Cw = wet service factor = 0.833 (AASHTO 13.5.4.1) 6 12 26 2517 | 13-374| 125 |494.0] 39,107.4 |518.5| 41,050.0
calculations and summaries were rounded for the final solution, but where: 26 25.17 | 15-1/8| 131 |546.6| 43,270.9 {572.2| 45.303.7
generally were not rounded for i diate steps. For i design For SP Comb. 24F-V3; E,’= (1800000){0.833)= 14994001b/in.%, s section modulus (in.%);
information, refer to the references listed above. | = moment of inertia tin."). 28 27.17 | 13-3/4| 125 |494.0f 45,670.2) — _
Compression perpendicular to grain {AASHTO 13.6.6) 28 27.17 | 15-1/8| 131 |546.6| 50,421.7 1672.2 52,790.4
1. Define deck geometry and design live load. F_-F.(C ) Fo.F € 3) A summary of deck section propersties is given in Table 3. 28 2717 | 16172] 138 — — 628.6| 57.988.2
Deck Geometry cux eux Lyl oLy cay (o
Definitions and options for deck geometry are as follows: where: Table 3 - Deck Section Properties 30 29.17 | 15-1/8| 131 |546.6| 58,119.0 [572.2| 60,849.4
Width: Bridge width is the total deck width measured out-to-out. The Fo.., = allowable compression perpendicular to grain {Ib/in.%); AASHTO HS 20-44 AASHTO HS25-44 30 29.17 | 16-1/2| 136 |601.8| 63,9904 - -
plans include options for single-lane bridge widths of 12to 18t F .. abulated compression perpendicular to grain (ib/in.?): Actual 32 3117 1153781 131 [s26.6| 663629 = —
and double-lane bridge widths of 22 to 38 ft Cy = wet service factor = 0.53 (AASHTO 13.5.4.1). t Dw S | D, S I - - - 4 -
Length: Bridge length is the total deck length, measured end-to-end. The lin.) (in.) {in.%) {in.*} (in.} (in.%) (in.*) 32 31.17 | 16-1/2] 136 {601.8| 73,067.1 |628.6] 76,321.6
plans include bridge lengths of 20 to 32 ftin 2 ft increments. F.,. and F, . = (650}{0.53) = 344.5 Ibfin.’. ) 242.0 847.0 4.658.5 144 894.6 49203 N
Span: Bridge span is the distance measured center-to-center of - - — . . — ' Based on 30 Ib/ft’ for rail and stressing hardware.
bearings. The plans are based on a minimum bearing length at 3. Choose a deck and the ibution width and 12:3/8] 44.8 | 114221 7,067.2 | 471 | 1,202.4| 7,440.1
each bridge end of 10in. Thus, the bridge span is 10 in. less effective deck section properties. 13-3/4} 475 1,496.7 | 10,290.1| 49.9 | 1.571.1 | 10,801.5 The maximum live load moment, M, is computed for one wheel line of
than the bridge Ier\g(h. A longer bearing length results in a The design of stress: .Iamlnaled declks is baised.on beam theory and 151/8] 503 1.915.0] 14.489.1] 526 | 2,006.9]| 15.169.8 the design vehicle using statics, or by obtaining the maximum moment
slightly conservative design. assumes one wheel line of the design vehicle is supported by a strip of value from design tables. Values used for preparation of the plans are
deck width, measured normal to the bridge span, defined as the wheel 16-1/2{ 63.0 | 2,404.9| 19.840.2| 55.4 | 2,512.0| 20,723.9 shown in Table 5.
Design Live Load load distribution width (AASHTO GS 3.25.6.2). The distribution width is
Plans include an option for either AASHTO HS 20-44 or HS 25-44 vehicle a function of the deck thickness and the design vehicle maximum wheel
The bridge " on these drawing Standard Plans for Southern Pine Bridges August 1995
between the USDA Forest Service, Forest Products
L the University of and the
Forest Products t 2 Stress-Laminated Glulam Timber Decks Design Procedure Sheet 8 of 11




Table 5 - Maximum Live Load Moment

6. Check live load deflection,

Table 8 - Dead Load Deflection and Camber

Table 9 - Prestressing Bar Summary

Length v Live load moment per wheel fine (f1-1o] M:%‘”l‘“'“F""Z load geflection s C°’I:‘°‘T“edd’°;,°"?b“’hee‘ fine of the design HS 20-44 HS 25.44 Actualt | A s osurf, | (AJsst Foo
vehicle. For deflection only, the wheel load distribution width may be Distributi h ; Width N e 2 B \
i i HS 20-44 HS 25-44 increased by a factor of 1.15 (AASHTO GS 3.25.5.3), Thus, the moment Lengtn | L [ Actvel | Distribution Width | Distribution Widt fin) na | ) fin) i )
20 19.17 76,670 95,830 of inertia previously determined based on the distribution width and actual ifti (o t | Dead Load Dead Load " 085 48 0.50 0.0016 52.800
- {in.) flecti Camber amber
22 2119 84.670 105.830 deck thickness is multipled by 1.15. Deflection is computed by statics or . Deflection (in.) Deflection {in) 12.3/8 0.85 48 0.57 0.0014 59,400
- . : by coefficients given in design handbooks. Using a handbook n.} (in.} -
24 23.17 22,670 115.830 coefficient, 20 [ 1947 ] 11 0.17 0.52 0.17 0.52 1994 | 089 48 063 00013 50,000
15-1/8 0.85 48 0.69 0.0012 72,600
26 25.17 104,910 131,140 s ._DC ©@ 20 19.17 | 12-3/8 0.13 0.38 0.13 0.38 ey YT = % YT 5305
w o -1/ . X . }
28 27.17 119,760 149,700 E'f (1.15) 22 2117 11 0.26 0.77 — -
30 2917 134,770 168,470 where: 22 | 2117 [ 1238 o019 | 057 | o013 | 057
32 31.17 149,910 187,390 A, = vehicle live toad deflection tin.); 22 2117 | 1334 — — 014 043 10. Design the prestressing bar anchorage system.
DC = live foad deflection coefficient (Ritter 1990)(Ib-in.%). M . . The bar anchorage system consists of a steel bearing plate and a smaller
I g p
24 2317 | 12-3/8 0.27 0.82 - - steel anchorage plate that transfer the force of the stressing bars into the
5. Compute maximum deck bending stress. If the computed live load deflection exceeds the design limit, deck 24 23.17 13-3/4 0.21 0.62 0.21 0.62 wood laminations. They must be designed conservatively to ensure that
The maximum applied bending stress is computed by the following thickness is unacceptable and must be increased. AASHTO recommend: comp stress applied to the exterior laminations does not cause
equation: a maximum live load deflection of L/500 (AASHTO GS 13.11.3.1). Since 26 | 2517 | 1334 | 029 087 0.28 0.87 wood crushing.
Moy + M) (12 Injft) a deflection limit of L/360 is sufficient for most bridges, the plans include 26 256.17 | 15-1/8 0.23 0.68 0.23 0.68
fa T 2R T ) both limits. A summary of five load deflections computed by Equation 9 The minimum area of the steel bearing plate in square inches, A, is given
b s 28 27.17 | 13-3/4 0.39 1.18 - - 9 »
is given in Table 7. by the following equation (AASHTO GS 13.11.2.4):
The applied bending stress must not exceed the aliowable bending stress. 28 27.17 | 15-1/8 0.31 0.93 0.31 0.93 st
It f, < F,’, the deck is sufficient in bending. If f, is substantially less than Table 7 - Live Load Deflection 28 27217 | 16-1/2 — — 0.25 0.74 - (13)
F,". a thinner deck may be more economical; however, no changes in HS 20-44 toadin HS 25-44 loadin, esy
deck thickness should be made until after live load deflection is checked. Length L Actual g ik 30 29.17 | 1518 o4 1.2 oM 123
It f, > F,", the deck is insufficient in bending and the deck thickness must i | tend DC Ay, 0C A}y, 30 | 2917 [16-1/2] 033 0.99 - - F..,” must be based on the tabulated p
be increased. {lbin%) | tin.) Ubin) | (in.) 32 | 31.17 | 151/8| 053 6 _ — to grain of the side face of the exterior lamination material.
20 19.17 1 4.06x10°|0.51| 456 | 5.07x10°|0.60| 385
i is ai i 32 31.17 16-1/2 0.43 1.29 0.43 1.29 . . . . "
A summary of bending stresses is given in Table 6. Y O Minimum bearing plate thickness is computed by the following equations
20 19.17 | 12-3/8| 4.06x10”|0.33]| 691 5.07x10° | 0.40} 582
{AASHTO GS 13.11.2.4):
Table 6 - Bending Stress 22 | 1117 11 5.46x10°|0.68| 374 = — — 8. Determine the required prestress level.
) 22 21.17 | 12-3/8] 5.46x10°|0.45| 567 | 6.83x109]|0.53] 477 The level of compressive prestress between the laminations must be 08
Length| L Actual HS 20-44 HS 25-44 22 2197 13.974 5.03x10°[0.37] 63 sufficient to offset flexural tension caused by transverse bending and B(f) (K (14)
1ft) (ft) t Fox’ o ¢ e Foy o | o d ~ - B -89 - vertical slip caused by transverse shear. Different methods for 1,
inb | dbjin.?y b/in.2y | o7 [ibsin.2) [ {bfin.2) | e 24 23.17 | 12-3/8] 8.06x10°|0.66| 420 - - — determining the initial prestress level are given in several pubiications
g g
20 11817] 11 | 2197 | 1.3a4 | 081 (3,195 7534|070 24 | 23.17 | 1334] 5.06x10°|0.45] 6121 1.01%10°|054] 514 (AASHTO 1991; Ritter 1990). For these designs, an initial prestress of
100 Ibfin.? was selected because it has been widely used and has
20 [19.17{12-3/8] 2,184 | 1,020 ] 0.47 [2,184) 1,171 0.54 26 | 25.17 } 13-3/4)1.14x10'°|0.64] 469 1.43x10"|0.77| 394 provided good performance for Southern Pine decks. whichever is greater (15}
22 217 11 2,186 | 1,614 | 0.69 - — - 26 25.17 | 16-1/8} 1.14x10'°[0.46| 661 1.43x10'°{0.55| 553
22 | 21.17|12-358| 2,174 | 1,181 | 053 | 2.174] 1,318 | 0.61 28 | 27.17 | 13-3/4} 1.55x10" 0.87| 374 — — _ 9. Determine (hG.SIZ. and spacing of the prestressing bars and the where: . ,
— = required p g force. t, = bearing plate thickness {in.%);
22 | 21.17(13-3/4] - — — |[2.162] 1,030 0.48 28 | 27.17 ] 15-1/8]1.56x10™°]0.62| 526 | 1.93x107°|0.74| 441 The size and spacing of prestressing bars must satisfy the following t,, = actual bearing stress under the bearing plate (Ib/in.%);
24 23.17|12-3/8] 2,164 | 1,287 | 0.59 — — — 28 27.17 116172 - - - [1.93x10]0.54| 602 equations (AASHTO GS 13.11.2.3): k = plate size parameter (in.); s
= [ = in.
24 | 23.17[13-3/4] 2,162 | 1,008 | 0.47 | 2,152 1,150 | 0.53 30 | 29.17 {15-1/8] 2.03x10"°}0.81] 431} 2.54x10"%| 0.97[ 361 APt g A ooote @ f ‘:g’;::zgi’:s:g(::;mgqg“;;'f)e" plate = 20,000 bfin.* for
., . .32.1);
26 |25.17113-3/4] 2,144 | 1,156} 0.54 [ 2,144} 1.315 | 0.61 30 | 29.17 | 16-1/2/2.03x10'°|0.59] 590 - - | - f st W, = width of bearing plate fin.};
26 | 25.17[15-1/8] 2,133 | 928 | 0.44]2,133] 1,056 [ 0.50 32 | 31.17 [ 15-1/8] 2.59x10'[1.04] 361 - -1 - where: , W, = width of'anchwasel plate {in.};
A ional area of the prestressing bar (in.}; L, = length of bearing plate {in.};
0 10| S g
28 127.17]13-3/4] 2,135 | 1,326 | 0.62 - - — 32 31.17 | 16-1/2] 2.69x10"°|0.76] 494 | 3.24x10'°|0.91} 413 P, nitial prestress = 100 Ibfin.%; L, = length of anchorage plate in.).
28 {27.17|158-1/8| 2,125 | 1,066 | 0.50 | 2,125{ 1,211 | 0.57 s = prestressing bar spacing (in.};
f, = allowable tensile stress for the prestressing bar = 105,000 A summary of the prestressing bar anchorage system is given in
K] - — — — [2n 4 s
28 |27.171161/2 6] 992 | 0.47 7. Compute dead load deflection and camber. Ibfin.? for ASTM A722 bars (AASHTO 9.15.1). Table 10.
30 | 29.17|15-1/8] 2,118 | 1,208 | 0.57 | 2,116 | 1,372 | 0.65 For longitudinal stress-laminated glulam timber decks, it is recommended
6-1/2| 2,109 992 | 0.47 — — - the bridge be cambered to offset sagging caused by creep. The amount The required prestressing force, F,, {Ib.), is computed by the following
30 | 29.17]16-1/ . o
of camber depends upon the initial dead load deflection resulting from the equation:
32 |31.17]15-1/8] 2,111 | 1,355 | 0.64) — - - uniform dead load deflection resulting from the uniform dead foad acting Foe st a2
32 31.17[16-1/2 2,102 § 1,113 | 0.53 ] 2,102 1,260 } 0.60 over the distribution width, D,,. For a simple span deck, the dead load L ‘
deflection is computed by the foliowing equation (AASHTO GS For all spans and deck thicknesses, 1 in. diameter ASTM A722 bars are
13.11.3.1): selected with a 48 in. center-to-center spacing. A summary of
ft 12in,4 prestressing bar information is given in Table 9.
5 wm~] @ 12in,
R 12in it 10
. 3BAET
The glulam deck laminations shall be cambered a minimum of 3 times the
computed dead load deflection (AASHTO 13.6.1.5and AASHTO GS
13.11.3.2}. Table 8 includes a summary of the dead load deflection and
minimum camber requirements.
e oridge supersinuche onihase drawings Standard Plans for Southern Pine Bridges August 1995
between the USDA Forest Service, Forest Products
. the of Alabama and the Southem
Laboratory, the University ‘ Stress-Laminated Glulam Timber Decks Design Procedure Sheet 10 of 11

20



Table 10 - Prestressing Bar Anchorage Summary’ Table 11 - Bearing Summary
Nominal deck thickness, t (in.) HS 20-44 loading HS 25-44 loading
Parameter Length L t
1 12-3/8 13-3/4 15-1/8 16-1/2 I " (in) R, R 1., Ro. R f,
1b) {lb) {Ib/in.?) {lo} {lb) lib/in."}
Bearing plate size [
. 141 1 1 -1/2x 1 41!
L, x W, x 1 (in) Tax 1 12x12 5x13 142X 15 | 141/2x16 20 [19.47 1 3,967 | 20310 57.8 4,190 25,390 66.7
I:anf\\/cr pla;,e“s({ze) 6x4 6x4 6x4 6x7 6x7 20 19.17 12-3/8 4,440 20,310 §5.3 4,674 25,390 63.8
A X Wa X 312 tin. 22 | 217 1 4,363 21,420 61.4 - - -
‘ B
Ay, minimum {in.) 1533 1724 1916 210.7 229.9 22 | 21.47| 12358 | 4884 | 21420 58.8 5,142 26,770 | 67.7
i 2
A, actual {in2) 154.0 174.0 195.0 217.5 232.0 22 12147 334 — — = 5700 26.770 551
fo, {Ibfin.2) 342.9 341.4 338.5 333.8 3414 24 23.17 12-3/8 5328 22,330 61.8 _ — _
k 4.00 425 450 4.25 4.80 24 | 2317{ 133/ | 5928 | 22,330 | 595 6222 | 27910 | 685
% minimum {in.) 0.1 0.96 o 0.95 102 26 | 25.17| 13314 | 6422 | 23100 | 622 6.741 28,870 714
'Plate sizing is based on interior bar spacing and corresponding force. 26 25.17 15-1/8 7.105 23,100 60.1 7,438 28,870 69.0
A -3/4 i ,750 X - - -
11. Determine the support configuration and check bearing stress. 28 27.17 133 6,916 2375 64.6
Supports for stress-aminated decks must be designed to resist the vertical and lateral forces transmitted 28 27.17| 15-18 7.652 23,750 62.5 8.011 29.690 71.7
from the superstructure to the substructure. As with other longitudinal wood superstructures, the required 28 2717 16-1/2 - - - 8,800 29,690 69.5
bearing length is normally controlled by considerations for bearing configuration, rather than comp
strength, perpendicular to grain. From a practical standpoint, & minimum bearing length of 10 in. is 30 2917 15178 8.198 24.480 65.0 8,584 30.600 74.8
for st | decks. Bearing attachments are normally made through the deck to the 30 29.17 16-1/2 9,027 24,480 63.2 - — -
supporting cap o sill, or from the deck underside. Such attachments are illustrated on Sheet 4. 32 31.17 15-1/8 8,745 25,220 67.6 — — —
Bearing stress in compression perpendicular to grain is checked for the maximum reaction at the supports == 2107 16-1/2 2.628 25.220 5.8 10,057 41,520 LI
due to the bridge dead load and one wheel line of the design vehicle. This load is distributed over an area
defined by the distribution width, D,, and the bearing length, L,.
Bearing in compression perpendicular to grain is computed using the following equation:
oy = o A 16
Dy(L,)
where:
Ry = dead load reaction {Ibj;
R, = maximum live load reaction for one wheel line of design vehicle (Ib};
L, = deck bearing length at the support (in.} = 10in.
The value of f.,, computed by Equation 16 must be less than F.,,’. A summary of bearing information is
presented in Table 11.
The bridge supersiuct on these drawing Standard Plans for Southem Pine Bridges August 1995
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6x6in blocking—

Plan View
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cop or pier

Stringers moy extend beyond foce of pile cop.
Do not cut ends if stringers ore longer than n«essam

Field

treot
note 25, Sheet 5 f Felg
fabrication is required.

Timber bucking\

NOTE: Stringers are fully lapped at supports

except outside siringers moy be butted
s shown, provided minimum bearing
length is satisfied

Cross S

ection

adwoy
¢

!

|

I

Timber blocking
omitted for clarity.

Minimum recommended compacted
povement thickness is 3 in. ot center-
line and 1-1/2 in. ot bridge edge. . .

= Bridge width

IV L

|
|
b x d slringer 1

R EEELE)

Post stretcher

IT '_I — Table 1: Stringer Selection Table
T e —
T No. 1 Dense No. 2
G— === =" Y — Nominal )
)| Stringer Stringer Maximum Span, L * Minimom Maximum Span, L * Minimum
F . — Size Spacing (ft, in.) Bearing ift,in.) Bearing
P e I — (in.} tin} Length Length
F (b xd) One Lane Two Lane (in.} One Lane Two Lane Gy .
Timber decking~| Stringer
12 17,1 8.4 8.00
I x4 14 12,8 7.0 6.75
N\ 12 23.0 22,1 9.50 13,9 13,1 8.00
— 14 20,6 19,6 9.00 12,0 n.5 8.00
s 6x16 16 18.2 17.4 8.50 9.10 4.9 8.00
o . 18 16. 6 15. 6 800 - -
| | Bituminaus weoring surfoce 2 106 675
with geotextile membrone T
I underiayment.
| ——— 16 23,2 22,5 7.25 13,10 13,2 6.00
Angle cut curb os shown. 1 = Stringer spacing 18 21,2 20.3 7.00 12,6 1M, 6.00
Curb ; 8x16 20 19.4 18.5 6.50 s 10, 10 6.00
i) 22 17.10 17.0 8.25 10,5 9.1 6.00 b = Stringer width
3] L5 5] 24 16. 7 15,11 6.00 9.8 9.2 6.00 d = smngm depth
Railing omitted for clority.
&2‘%&&3"”’{ ;hol *  Simple span with L measured centes-to-center of bearings.
! 1. Suinger grades: see notes 10-12 on Sheet 5.
12— ! h 3 . ger g : -
- not interlere with Slringe 2. Analysis for H520-44 loading includes 3 in. asphalt wearing surface.
- 3. Designs are applicable (o single- and double-lane bridges of any width
4 _L .
#T Table 2: Plank Selection Table
H Nominal Minimum Nominal Plank Size fin.}
Elevation Swngor | Stringer
Size Spacing No. 1 Dense No. 2
Gin.} tin}
i ith Butt Jai i With ?
See rall and curb system detoils on Sheet 4. (b xd) Continuous. With Butt Joints. Continuous ith Butt Joints
8'-4" typicol
12 3x8 3xe Ix8 3x8
 — i = il i 6x14 14 3Ix8 3x8 3x8 3x8
 em— — or 16 3x10 3x120rdax8 3x10 Ix120rd x8
6x16 18 4x8 4x10 ax8 4x10
e 20 4x10 4x12 4x12005x8 4x120r5x8
16 358 3x8 Ix8 3x8
U 8 18 3x10 3x120r8x8 3x100r4x8 3x120r4x8
8x16 20 ax8 4x10 4x100r5x8 4x100r5x8
See subslmclure ottochment 22 4x12015x8 4x120r5x8 5% 10 5x10
details on Sheet 3. 24 5x10 5% 10 . .

{  L=Bridge span meosured
center=to-center of bearings.

* Wider planks of the same thickness may be substituted for the listed sizes.
See notes 6-9 on Sheet 5 for plank matenal specifications.

Planks with butt joints must be continuaus over at least 5 stringers.
See ptank deck attachment detail on Sheet 3,

Pon =

Use column in Table 2 for continuous planks if planks are continuous over entire bridge width.

on these

The bridge

‘were under a ag

between the USDA Forest Service, Forest Products

Laboratory, the University of Alabama and the Southern
Products Association.

Standard Plans for Southern Pine Bridges

Longitudinal Stringer with Transverse Plank Decks —I

General Layout

23



Suggested Deck/Substructure Attachment

Timber Abutment Attochment

Side View

Geotextile membrone

Steinger

+ e

Plon View

MN—A Deck planks
omitled for clarily.

I

5/8 in. ® square bar

(!yp.) twisted two turns

\ per foot. See note 4.
Pile cop Field treat bos

See note 25, Shee\ S.

Lt

Note: Pile cops shown for clonty
Designed by others.

.

Pile cap

N—

Concrete Abutment Attochment

Side View
/- Geotextile membrane o
l Stringer 4

See Angle Connection Detoil.

Plan View

Angle Connection Detoil

Side View

¥
\ Stringer

Deck pl

omtted for clarity.

Stringer

Stringer

Prebore 15/32 in. @ lead
counterbore 11/16 oo x 5 /2 in.
ond field treat in accordonce with
note 25, Sheet 5.

1/8 in. gap recommended

\L 6 x 6 x 3/8 in. See Angle Detoil.

5/8 in. # x 8 in, lag screw
1/2 in. ® anchor bolt

z

Side View
Geotextile membrane

Timber Bent Attachment
Plon View

omitted for clerity.

Stringer
Stringer Deck plonks
S T omitted for clority.
[b
/8 in. # squore bors (typ.)~] \P“- cap L | 2
twisted two turns per. ‘leooAI: 5/8 in. @ squore bor (typ.)—"T W
Field treot bore. . Stringer
See note 25, Sheet 5. | Pile Pile cap
Note: Pile cops shown for clority.
/\/ Designed by others. —~—
Concrete Bent Attachment
Side View Plan View
— Lt
; —I- N
1 .
Stringer : d Stringer: PR Deck plonks
L | J—e‘_\
v L 1 ===
. g
ORI o -
. See Angle Connection Detoil. T
. Stringer
Angle Detail
/ 6 x 6 x 3/8 in; A36 Steel
Side View End View
378"
3 K—
—3/4 in. @ hole (typ.)
3-1/2]
| |
| I H
+ }

Deck/Substructure Attochment Notes

1. details ore for i
designed for specific locations.

2. Geotextile fabric sholl wrap over cbulmen\ ends o minimum
of 2 ft vertically. See note 22,

3. Stringer ottochments shali be des:qned for specific site
conditions. Recommendolions given obove.

4. For 5/8 in. @ squore bors, prebore ||/|e in. ® leod hole.
Counterbore 3/4 in, @ x (d-6 in.).

only and must be

Plonk Deck Attachment
Side View

Butt joint
7@
g

Plon View

Deck plonk width (w):
(1/4)0_gb S

=T e b-(1/4
5 — o7 “ (1/74)w
ey
g (1740 i [t
# .
¢ .
d |
~ H
- q
) e l
qmmoceu hordenao steel noils (lyp:col)
3 deck: 70d um 7 in. .
4 deck: 80d um
9 in. deck: 90d (minimum 9 in. iength, 0.207 in. @
Plonk Deck Attochment Notes
1. Edge sown deck plonks ore preferable.
2. I fiot sown deck plonks ore used, orient bork side up.
3. Drive nails at slight angle.
4. Butt joints ore centered on stringer with joints for oo;ocenl
plonks stoggered o minimum of two stringer $paCine
S. Al planks must be conlinuous over at leost hv! slnnqers

on these

under a
mummmwm
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Rail Detail
End View

Note: Roil design is not crash tested.
3-1/7

4 x 6 x 20 in. (S54S)
spocer block

10 gage metol thrie beom-\

Rail Detail
Side View

Note: Roil design is not crosh tested.

ly sealer to i
gggynnle 23 o

 lop of ot

5/8 in. # dome heod bolt

with two 4 x 4 x 1/4 in.
plote washers

2 x 4 in, reloiner strip

(

Aspholt not lower

thon retainer strip.

Geotextile membrone across entire

1 in. # dome head bolt~

/5 x 8 in. curb

with 4 x 4 x 3/B in. plate !
washers (front ond back). h

</ M -]

207
3
Fal
_Curb
/_ deck and covering ends of planks. A
i

6 x 8 x 36 in. scupper block

' (- Deck ¢

Curb Attochment Plate
4 x 12 x 3/8 in.;

Sym,
about

A36 steel

/-|-7/a x 7/8 in. siot

Pa

_1_ 4

|
i - b8
> P <T><T>9 Gceotentie memn e
S ' \id omitted for clarity.
6 x 6 in rapost (s45) | \ i
spaced 8-4" on center C‘E{b No butt joints permities | i 3/4 in.® x 18 in. d;me heod
il fift i in f bolts with 4 x 4 1/4
See Po::\qls:“@)flr;lf :ﬂ:ﬁ:"':.?ﬁ. A A A ;‘r"elv'n LaZ.’ZJ“EﬁZq:. o Stringer pla!: washer under boR heod (typ.)
i ;n-‘.‘},:“z"o;ﬁ“: = b‘ . . i Post Stretcher Attachment Angle
washer ot post’ connection. " t H C
‘°‘]‘/T %:. o e y I \-See Curb Attachment Plate Detail. / 4 x 4 x 3/8 in; A36 steel
L
4 ke e Aot 1o S otimgens cinkm Lol o Side View End View
Lenglh depends on stringer spacing. |
5/8 x 8 in. log Screws with ogee washers. Prebore: Sym.
15/32 in. # lead hole. Counterbore 11/16 in. ® x 3=1/2 in. obout .
Field treot in occordonce with note 25, Sheet 5. o 3/4 in. ® hole (m-)—m
)3
2-1/7
Curb Splice Detail . N .
Side View ‘_2___! | 1
Thri:‘e:m:m r(ril l" | -
omitted for clority. =) )
Seg, Curb Splice Plote Detoi. N  cum spike Curb SphC’e Plate
ote i centered on curb. f-a Splice ot ofternote posts. 6 x 34 x 3/8 in.; A36 steel
R e |
[ | " N Sym.
E— i — ) apout Plate Washer Plate Washer
__I :: i ! :: :E/{‘/__ﬁ'.?é‘«?é’éfé‘c’fé‘r;:é“ ) 7/8 in. ® hole (typ.) 4 x 4 x 1/4 in,; 4 x 4 x 1/4 in,;
W I TET] | T 7] note 25, Sheet 6. i T A36 steel A36 steel
] 3
U= | i
s i I B ® ® : ® i - :
| . —2" 2"
Stringer i I t - T = [
L—s‘—— 8’—1' - =3/ z r
] 30 1L | )
See Curb Attochment Plote Detoil.
ym. J - 174" J ~ -3/8"
Ob.zm Hole ® = Bolt @ + 1/8" Hole ® = Boit ® + 1/8"
The superstructures on these di i i
bridge ures depicted ravings m SOUTHERY Standard Plans for Southem Pine Bridges August 1995
L the of Alab and the k. " " "
Forest Products Association. [F. 5 ] Longitudinal Stringer with Transverse Plank Decks Rail Details ‘ Sheet 4 of 5
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Notes and Design

DESIGN

1. These drawings are for solid sawn longitudinal
stringer/transverse deck timber bridges constructed
of Southern Pine. The designs are applicable for
single- and double-lane rectangular bridges of any
width (no skew) with center-to-center spans
according to Table 1, Sheet 2. Bridges may be
multiple span with any combination of acceptable
span lengths.

2. Unless noted, designs comply with the standard
specifications for Highway Bridges {15th Edition,
1992), published by the American Association of
State Highway and Transportation Officials
{AASHTO). Design truck loading is AASHTO HS20-
44. Raii detail does not comply with AASHTO static
criteria.

3. These designs are intended for informational
purposes only and must be verified by a registered
professional engineer prior to construction.
MATERIAL AND FABRICATION

Wood

General

4. Sawn lumber shall comply with the requirements

of AASHTO M168.

6. Unless noted, all wood shall be cut, drilled, and

fabricated prior to pressure treatment with
preservatives.
Planks

6. Planks shall be visually graded No. 1 Dense, No.
2, or better Southern Pine dimension lumber or
timbers as specified in Table 2, Sheet 2.

7. Planks are rough sawn green, {unseasoned) 3, 4
and 5 in. in nominal thicknesses.

8. Planks shall not be less than minimum sizes listed
below.

Minimum Rough Sizes for Planks

Thickness (in.} Width (in.)
Nominal Actual Nomina! Actual
3 2-1 1/‘|‘6 8 7-5/8
4 3-11/16 10 9-5/8
5 4-5/8 12 11-5/8

9. The maximum thickness of a plank shall be no
greater than 1/2 in. larger than its nominal
thickness. The maximum width along the length of
a plank shall not exceed 3/8 in.

Stringers

10. Stringers shall be visually graded No. 1 Dense,
No. 2, or better Southern Pine timbers as specified
in Table 1, Sheet 2.

11. Stringers are rough sawn (unseasoned) with a
minimum  size of 3/8 in. less than nominal
dimensions.

12. Variation in depth between stringers shall not
exceed 3/8 in. so as to provide a flat surface across
the width of the bridge to ensure planks have firm
contact with all stringers.

Curbs, Scupper Blocks, and Rail Posts

13. Curbs and scupper blocks shall be visually
graded No. 2, or better Southern Pine rough sawn
timbers with a minimum size of 3/8 in. less than
nominal.

14. Rail posts shall be visually graded No. 2, or
better nominal 6 x 6 in. surfaced all sides (S48} with
a minimum dressed size of 5-1/2 x 5-1/2 in.

Preservative Treatment

16. All sawn lumber shall be treated in accordance
with the requirements of AWPA Standard C14 with
one of the following preservatives:
a. Creosote conforming to AWPA Standard P1
b. Pentachlorophenol conforming to AWPA
Standard P8 in hydrocarbon solvent, Type A,
conforming to AWPA Standard P9

16. Treated material shall be free of excess
preservative on the wood surface. The treating
process for these preservatives shall include an
expansion bath, steaming and/or dripping to ensure
that preservative will not bleed.

17. Treated wood shall be inspected and certified
in accordance with AWPA Standard M2.

Steel Fasteners and Hardware

18. Steel plates and shapes shall comply with the
requirements of ASTM A36.

19. Bolts and lag screws shall comply with the
requirements of ANSI/ASME Standard 818.2.1-
1981, Grade 2.

20. Washers shall be provided under bolt and lag
screw heads and nuts that are in contact with wood.
Washers may be omitted under heads of speciai
timber bolts or dome-head bolts when the size and
strength of the head is sufficient to develop
connection strength without wood crushing.

21. All steel connections and fasteners shall be
galvanized in accordance with AASHTO M111 or
AASHTO M232.

Miscellaneous

22. Geotextile fabric shall be an impregnated,
nonwoven fabric which provides a watertight
membrane over the deck surface. Application
procedures and compatibility of the fabric with the
preservative treatment: shall be verified with the
manufacturer prior to fabric placement.

23. Sealer for wood end grain
commercial roofing cement.

is typically a

CONSTRUCTION

24. Ali wood and metal components shall be
handled and stored carefully sc as not to damage
the material. If damage does occur, wood shall be
field treated in accordance with note 25. Damage to
the galvanized surfaces shall be repaired with a cold
galvanizing compound or other approved coating.

25. When field fabrication of wood is required, or
if the wood is damaged, all cuts, bore holes, and
damage shall be immediately field treated with wood
preservative in accordance with AWPA Standard
M4,

ADDITIONAL DESIGN INFORMATION

This section provides additional bridge design
information as an aid to the professional engineer
verifying the design prior to construction.

Plank Deck Design

Loading
Live load consists of a 12,000 Ib wheel load with
the load distributed according to AASHTG 3.25.1.

Dead load consists of a 3-in. asphalt wearing
surfacé and the minimum rough green plank size.
Unit weight of asphait and timber is taken as 150
Ib/ft® and 50 Ib/ft®, respectively.

’

Design Values

Allowable design values to determine the plank sizes
in Table 2. Sheet 2 are those tabuiated in the
National Design Specification (NDS) Supplement
with applicable adjustment factors applied.

Allowable design values for 3 and 4 in. thick planks
are obtained from the NDS supplement Table 4B
with wet use service factors applied. The flat use
factors are also applied to the NDS tabulated
bending values. When the planks are continuous
over the full bridge width, a shear stress
modification factor of 2 is used to adjust the
tabulated shear stress.

Allowable design values for 5 in. thick planks are
obtained from the NDS supplement Table 4D with no
adjustment except, the shear stress is doubled for
continuous plank decks.

Calculation of Internal Forces
All section properties are determined using the
minimum rough green sizes.

The span used is as specified in AASHTO 3.25.1.2.

Bending
Maximum moment is calculated as 80% of the
maximum simple span moment.

Shear
The maximum shear force is calculated assuming a
simple span between stringers, neglecting all loads
closer than the plank depth from the face of the
stringer. The calculation for shear follows the NDS
3.4.3.

Deflection

Maximum deflection is calculated as 80% of the
maximum simple span deflection. Shear distortions
are neglected. The calculated deflection is limited to
an absolute deflection limit of 0.01 in. to prevent
reflective cracking in the wearing surface. However,
plank decks designed by this criteria may experience
reflective cracking problems.

Stringer Design

Loading
Live load consists of the H520-44 standard truck
foading.

Dead load consists of a 3-in. asphalt wearing
surface, the weight of the planks based on a
thickness of 1/2 in. greater than nominal, and the
weight of the stringer based on minimum rough
green sizes

When two plank sizes are specified in Table 2, Sheet
2 for a given stringer size and spacing, the thicker of
the two sizes is used to compute the dead load on
the stringer.

Design Values

Allowable design values used to determine the
stringer sizes given in Table 1, Sheet 2 are those
tabulated in the NDS supplement Table 4D with no
adjustment.

Calculation of Internal Forces

All section properties are determined using the
minimum rough green sizes. The spans given in
Table 1, Sheet 2 are from center-to-center of
bearing.

Bending
Maximum moment
AASHTO 3.23.2.

is determined according to

Shear

The maximum live load shear is calculated according
to AASHTO 13.3. Maximum dead load shear is
calculated according to NDS 3.4.3.

Deflection
Maximum deflecticn due to live load is limited to a
value equal to span/500.

Compression Perpendicular to Grain

Minimum bearing lengths given in Table 1, Sheet 2
are based on compression perpendicular to grain
requirements.

Rail Design

The rail design shown in this set of plans has not
been crash tested.

The maximum outward load on the post is calculated
to be 4000 lb, which is below the 10,000 ib
AASHTO requirement.

For designs using 3-in. deck thicknesses, the
expected failure mode is the curb to deck
attachment. For thicker decks, the design is limited

P a
between the USDA Forest Service, Forest Products
L the L of and the
Forest Products Association.
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