17 NOV 2000

f:\standraw\metric\ms+6020l.dgn

METAL ROUND PIPE CULVERT
FILL HEIGHT AND METAL THICKNESS TABLE FOR HELICAL LOCKSEAM AND WELDED SEAM PIPE CULVERT
STEEL ALUMINUM /
PIPE 68 x 13 CORRUGATIONS | 75 x 25 CORRUGATIONS | 125 x 25 CORRUGATIONS PIPE 68 x 13 CORRUGATIONS | 75 x 25 CORRUGATIONS
SIZE ””C’g"/ﬂﬁjg METAL THICKNESS SIZE A/gg\l/ﬂl,’_:% METAL THICKNESS 2.
1.63 | 2.00 | 277 | 350 | 427 | 163 ] 200 | 277 | 350 | 427 | 163 ] 2.00 | 277 | 3.50 | 4.7 .52 | 19 | 267 | 3.43 | 4a7 | 152 | 191 | 2.67 | 3.43 | 407
DIAMETER MAXIMUM FILL HEIGHT ABOVE TOP OF PIPE IN METERS DIAMETER MAXIMUM FILL HEIGHT ABOVE TOP OF PIPE IN METERS
300 300 | 30.0 | 30.0 | 30.0 | 30.0 | 30.0 300 300 | 30.0 | 30.0| 30.0 | 30.0 | 30.0
375 300 | 30.0 | 30.0 | 30.0 | 30.0 | 30.0 375 300 | 30.0 | 30.0| 30.0 | 30.0 | 30.0
450 300 | 30.0 | 30.0 | 30.0 | 30.0 | 30.0 450 300 | 30.0 | 30.0| 30.0 | 30.0 | 30.0
525 300 | 30.0 | 30.0 | 30.0 | 30.0 | 30.0 525 300 | 26.9 | 30.0| 30.0 | 30.0 | 30.0
600 300 | 30.0 | 30.0 | 30.0 | 30.0 | 30.0 600 300 | 23.6 | 29.5|30.0 | 30.0 | 30.0
750 300 |25.9 | 30.0 | 30.0 | 30.0 | 30.0 750 300 | 18.8 | 23.6 | 30.0 | 30.0 | 30.0 | 2.7 | 27.2]| 30.0] 30 |30.0 3.
900 300 | 2.6 | 27.0 | 30.0 | 30.0 | 30.0 | 24.8 | 30.0 | 30.0 | 30.0 |30.0 900 300 | /5.7 | 19.6 | 27.5 | 30.0 | 30.0 | /8.0 | 22.7| 30.0| 30 |30.0
1050 300 | /8.5 | 23.1 | 30.0 | 30.0 | 30.0 | 2.2 | 26.6 | 30.0 | 30.0 | 30.0 1050 300 | 13.4 | 16.8 |23.6 | 30.3 | 30.0 | 15.5 | 19.4| 27./]| 30 |30.0
1200 300 | 16.2 |20.2 | 28.4 | 30.0 | 30.0 | 18.5 | 23.2 | 30.0 | 30.0 | 30.0 | 16.5 | 20.7 | 29.0 | 30.0 | 30.0 1200 300 20.3 | 26.4 | 30.0 | 13.5| I7 | 23.7| 30 |30.0 4
1350 300 18.0 | 25.2 | 30.0 | 30.0 | 16.5 | 20.6 | 29.0 | 30.0 | 30.0 | /4.7 | 18.4 | 25.8 | 30.0 | 30.0 1350 300 16.5 | 21.6 | 26.7 | 12.0 | I5.1 | 2I./ |28.2 | 30.0
1500 300 22.7 1 29.5 | 30.0 | /4.8 | 18.6 | 26.] | 30.0 | 30.0 | /3.2 | 16.5 | 23.2 | 29.9 | 30.0 1500 300 7.5 | 21.8 | 10.8 | 13.6 | 19.0|25.4 | 29.9
1650 300 26.5 | 30.0 | 13.5 | 16.9 | 23.7 | 30.0 |30.0 | 12.0 | I5.0 | 2.l | 27.] | 30.0 1650 300 7.6 | 9.8 | /12.3| 17.2|23.1 |27.2
1800 300 24.3 1 29.7 | 12.3 | 15.4 | 2l.7 |28.0 |30.0 | 1.0 |13.8 | 19.3 | 24.9 | 30.0 /1800 300 13.8 | 9.0 | /.3 | 16.8|21.2 |24.9
1950 300 26.4 | 1.4 | 14.3 | 20.0 | 25.8 |30.0 | 10.] |12.7 | 7.8 |23.0 | 28./ /1950 300 10.4 | 14.6 |19.5 | 23.0
2100 300 22.8 | 10.6 | 13.2 | 18.6 |[23.9 |29.3 | 9.4 | II.8 | 16,5 | 2.3 | 26.] 2100 300 /3.5 18.1 | 21.4 5.
2250 | 300 9.8 | /12.3 |I7.3 |22.3|27.4 | 88 | 1.0 | 5.4 ]19.9 | 24.3 || 2250 300 12.6 |18.9 | 19.9
2400 | 300 1.6 |16.2 |20.9 | 25.7 /0.3 | 14.5 | 18.6 | 22.8 || 2400 300 1.6 | 15.6 | 18.5
2550 | 350 10.9 | 15.3 | 19.7 | 24.1 9.7 | 13.6 | 17.5 | 2.5 2550 350 14..l | 16.7
2700 | 350 /4.4 | 18.6 |22.8 2.8 | 16.6 | 20.3 || 2700 350 12.7 | 15.1
2850 | 450 13.7 | 17.6 | 2.6 2.2 | 15.7 | 19.2 2850 400 13.6
3000 | 450 13.0 | 16.7 | 20.5 1.6 | 14.9 | 18.2 3000 400 12.2
3150 450 15.9 | /9.5 14.2 | 17.4
3300 | 450 15.2 | 18.6 /3.5 | 16.6
3450 | 450 4.5 | 17.8 2.9 | 15.8
3600 | 450 7.1 5.2
METAL PIPE ARCH CULVERT
FILL HEIGHT AND METAL THICKNESS TABLE FOR HELICAL LOCKSEAM AND WELDED SEAM PIPE CULVERT
STEEL ALUMINUM
PIPE EQUIV - Wi 68 x 13 CORRUGATIONS |75 x 25 CORRUGAT/ONS| 125 x 25 CORRUGATIONS PIPE couiv- lummum 68 x 13 CORRUGATIONS | 75 x 25 CORRUGATIONS
ARCH | aent |corneR| MMM METAL THICKNESS ARCH 1 EnT |corneR[MNMUM METAL THICKNESS
SIZE RADIUS COVER [~ 53 [ 2o [ 277 ] 351 [ 427 ] 2.00 [ 277 | 3.5 [ 427 | 2.0/ | 2.77 | 3.5/ | 4.27 SIZE RADIUS COVER 152 ] 1o [ 267 ] 3.43] 152 1.9/ | 2.67 | 3.43
SPAN x RISE  |DIAMETER MAXIMUM _FILL HEIGHT ABOVE TOP OF PIPE IN METERS SPAN x RISE |DIAMETER MAXIMUM _FILL HEIGHT ABOVE TOP OF PIPE IN METERS
430 x 330 375 75 300 4.0 430 x 330 | 375 75 300 | 4.0
530 x 380 450 75 300 | 3.5 530 x 380 | 450 75 300 | 3.5
610 x 460 525 75 300 4.0 610 x 460 525 75 300 | 4.0
710 x 510 600 75 300 4.0 710 x 510 600 75 300 4.0
885 x 610 750 75 300 | 3.5 885 x 610 750 75 300 3.5
1060 x 740 900 90 300 | 3.5 1060 x 740 | 900 90 375 3.5
1240 x 840 | 1050 100 300 3.5 1240 x 840 | 1050 100 375 3.5
1440 x 970 | 1200 /130 300 3.5 1440 x 970 | 1200 130 375 3.5
1520 x 1170 | 1350 205 300 6.5 6.5 1520 x 1l70 | 1350 205 375 6.5
1620 x 1100 | 1350 155 300 3.5 6.5 1620 x 1100 | 1350 155 450 3.5
1670 x 1300 | 1500 230 300 6.5 6.0 1670 x 1300 | 1500 230 450 6.5
1800 x 1200 | 1500 180 300 3.5 /1850 x 1400 | 1650 355 450 6.0
1850 x 1400 | 1650 305 300 6.0 2050 x 1500| 1800 365 525 5.0
1950 x 1320 | 1650 205 300 3.5 2200 x 1620 1950 365 525 5.0
2050 x 1500 | 1800 355 300 5.0 5.0 2400 x 1720| 2100 410 600 5.0
2100 x 1450 | 1800 230 300 3.5 2600 x 1820 | 2250 410 600 5.0
2200 x 1620 | 1950 365 300 5.0 5.0
2400 x 1720 | 2100 410 300 5.0 5.0
2600 x 1820 | 2250 410 450 5.0 5.0
2840 x 1920 | 2400 460 450 5.0 5.0
2970 x 2020| 2550 | 460 450 5.0 5.0
3240 x 2120| 2700 460 600 5.0 5.0
3470 x 2220| 2850 | 460 600 5.0 5.0
3600 x 2320| 3000 460 600 5.0 5.0 NO SCALE

SHEET
STATE PROJECT R

NOTE:

Dimensions not labeled are in millimeters.

When directed, camber pipe culverts upward from
a chord through the inlet and outlet inverts an
ordinate amount equal to 1% of the pipe length.
Develop camber on a parabolic curve. If the
midpoint elevation on the parabolic curve as
designed exceeds the elevation of the inlet invert,
reduce the amount of camber or increase the
pipe culvert gradient.

Fill heights exceeding 30 meters require special
analysis by the CO.

The fill heights in the table are for helical
lockseam and welded seam pipe only. Fill heights
for culvert pipe with annular corrugations are
more restrictive than those of helical lockseam
and welded seam pipe. Obtain approval before
furnishing annular corrugation pipe.

Measure minimum cover from the top of the pipe
culvert to the subgrade for flexible pavements,
and to the top of the pavement for rigid
pavements. Measure maximum fill height from
the top of the pipe to the top of the pavement
for both flexible and rigid pavement.

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
FEDERAL LANDS HIGHWAY
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METAL PIPE CULVERT
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COUPLING BANDS FOR METAL PIPE CULVERT Y
MINIMUM BAND WIDTH
ROUND
COR@Z{%T/;N PIPE FIPE-ARCH annuLAR P |HELICALLY Y| sEm- ¥
CORRUGATED | CORRUGATED |CORRUGATED
DIAMETER SPAN X RISE BANDS BANDS BANDS Band
. T
38 x 6.5 underdrain &/ - 265 180 265 1 ]
300 to 900 430 x 330 to 1060 x 740 180 300 e
68 x I3 1050 to 1800 1240 x 840 to 2100 x 1450 265 300
1950 to 2100 - 265 300 265
75 x 25 900 to /800 1520 x 1170 to 2050 x 1500 300 350 265 s
/1950 to 3600 | 2200 x 1620 to 3600 x 2320 300 350 265
125 x 25 900 to 1800 1520 x 1170 to 2050 x /500 500 560
1950 to 3600 | 2200 x 1620 to 3600 x 2320 500 560 | B g SN
!/ Fabricate annular, helical and semi-corrugated type coupling bands from the SLEEVE JOINT

same metal as the connecting pipe. Provide coupling bands not more than 3
nominal sheet thicknesses thinner than the thickness of the pipe to be
connected, and no thinner than 1.32 mm for steel or 1.2 mm for aluminum.
Fasten coupling bands with the following diameter of bolt:

MIO for 450 mm round culvert (530x380 mm pipe arch) or less

MI2 for 525 mm round culvert (6/0x460 mm pipe arch) or more

For helically corrugated pipe with rerolled ends, the nominal corrugations size
refers to the dimension of the end corrugation in the pipe.

Use annular corrugated bands with pipes having annular corrugations or with
helical pipe having rerolled end to form annular corrugations. A 265 mm band

is acceptable on pipe ends rerolled with 68xI3 mm corrugations. A 300 mm band
is acceptable on pipe ends rerolled with 75x25 mm pipe corrugations.

Use helical corrugated bands with pipes having helically corrugated ends.

The minimum band widths shown for 75x25 mm and /125x25 mm corrugated
sizes apply to 68xI3 mm corrugations on rerolled pipe ends.

Smooth sleeve-type couplers and flat bands may be used for pipe diameters
of 300 mm or less. Use a matching metal having a nominal thickness of

not less than 1.02 mm for steel, or 0.9/ mm for aluminum, or a plastic with
an equivalent strength to metal.

Integral Flange

STANDARD BAND CONNECTIONS

STATE PROJECT

SHEET
NUMBER

NOTE:

/.

Band —__

Smoother sleeve with center stop.

Stab type joint.

SMOOTH SLEEVE BAND

Bolts

SIDE VIEW

Rivet, spot weld, or fillet
weld at crest of corrugation
at heel and toe of angle.

END VIEW

Second angle connection optional to
/1050 mm diameter, required above
/1065 mm diameter.

ANNULAR BAND

FLAT BAND

SIDE VIEW

Bolt, bar and
strap connector

Rivet, spot weld, or fillet
weld at crest of corrugation
at heel and toe of angle.

Bolts

Angle Band

END VIEW

Second angle connection optional to
1050 mm diameter, required above
1050 mm diameter.

HELICAL BAND
NO SCALE

Dimensions not labeled are in millimeters.

2. Watertight pipe joints are not required unless

specified in the Special Contract Requirements.

devices that comply with the joint

3. Other types of coupling bands or fastening

performance criteria of AASHTO Standard
specifications for Highway Bridges, Division

Il Section 26 may be used.

Continuous corrugation

around band meshes
with second annular

END VIEW
SEMI-CORRUGATED BAND

corrugation in pipe end.

FEDERAL HIGHWAY ADMINISTRATION
FEDERAL LANDS HIGHWAY

U.S. DEPARTMENT OF TRANSPORTATION

METRIC STANDARD

COUPLING BAND

METAL PIPE CULVERT
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Finished subgrade ~\

Finished subgrade

Roadway embankment

2H or 3600 mm (max.)

2H or 3600 mm (max.)

Roadway embankment

2H or 3600 mm (max.)

2H or 3600 mm (max.)

0

=

ABOVE NATURAL GROUND

Finished subgrade

™

Roadway embankment

2H or 3600 mm (max.)

2H or 3600 mm (max.)

Bedding Natural ground

ON NATURAL GROUND

Finished subgrade ~

/)

Roadway embankment

INUSZZ, AN AN/ 150
Natural (min.)

N Z

Remove unyielding material
and replace with selected fine compressible
material. Lightly compact in layers not over

ground

50 mm/m of cover,
300 (min.), 600 (max.)

H” H™
T
X v
0.3H
1 VIR
Shaped W ‘
foundation 0.14

*Reduce to 450 mm for trench excavations.

CLASS B BEDDING

STATE

PROJECT

SHEET
NUMBER

NOTE:

I

2.

Dimensions not labeled are in millimeters.

camber or increase the pipe culvert gradient.

dimension of all pipe arch culverts.

smaller pipe culverts in Class B or C bedding.

When directed, camber pipe culverts upward from a chord
through the inlet and outlet inverts an ordinate amount equal
to 1% of the pipe length. Develop camber on a parabolic curve.
If the midpoint elevation on the parabolic curve as designed
exceeds the elevation of the inlet invert, reduce the amount of

H equals the diameter of all round pipe culverts or the rise

Bed pipe culverts 1200 mm and larger in diameter and pipe arch
culverts 960 mm and greater in rise in Class B bedding. Bed

2H or 3600 mm (max.)

2H or 3600 mm (max.)

ABOVE AND BELOW
NATURAL GROUND

Bedding material

Embankment material placed

in layers

not exceeding 150 mm compacted depth.

Approved granular material or fine compactable soil
placed in layers not exceeding /50 mm compacted depth.

h
150 mm In uncompacted depth. ?oiffggﬁon
ON UNYIELDING MATERIAL TRSTIRSTRSTT TENTRTE () 111 MINIMUM SPACING
Finished subgrade ) DIAMETER or SPAN SPACING
~~ 25 mm for 13 mm corrugations
Roadway embankment 50 mm for 25 mm corrugations UP o 1200 6/0
2H or 3600 mm (max.) 0.5 Digmet
[T — R iameter or span
........ ot i CLASS C BEDDING 1200 and UP re p
450 mm (min.) S v B 900 whichever is less
in trench — = ~ H /
excavation s Y — / MULTIPLE PIPE INSTALLATION
/|- H or 900 mm (max.) for embankment
installations
Minimum spacing \
(See table)
/ Natural ground
Remove
Metal end - > - S
unstable material to firm bearing soil sec(rj/’on 7 BRENN ?n(/)rgm@/nrz 7 BRENN Meffa./ end
and replace with approved granular Diameter Diamarar N secrion
foundation fill material properly compacted. or span / o 3600
ON UNSTABLE MATERIAL )
"o Toe plate RS 7|0 Toe plate 0| X
I'"'0"""""""""""""o""l I""0"""""""""""""O""I
Original natural ground surface
T TR RS TR RS N7 TR TS W TR RS ™R T
Roadway excavation
Finished subgrade or embankment height A ELEVATION ELEVATION
before trench excavation. |_—
AN Embankment
..... i i/ 7/ 5/0D3 Width
T T e e High water elevation
T T ey v B P/’pe culvert
...... H = H
Culvert end
treatment — — —o KON NN N D e -
Bedding -
Piping p/ug-/ SECTION A-A

BELOW NATURAL GROUND OR
TRENCH EXCAVATION IN EMBANKMENT

A

Construct piping plug of impermeable backfill
material at the pipe culvert inlet where
granular material is used for backfill. Width may
be adjusted to tie into impervious material.

PIPING PLUG

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
FEDERAL LANDS HIGHWAY

METRIC STANDARD

METAL AND PLASTIC
PIPE CULVERT BEDDING

NO SCALE

STANDARD APPROVED FOR USE 3/1996 STANDARD

REVISED:  12/1998

M602-3
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SHEET
STATE PROJECT NUMBER

END SECTIONS FOR PIPE ARCH CULVERT
ALU-
STEEL DIMENSIONS
PIPE SIZE MINUM SLOPE NOTE:
METAL A B H F L W
SPAN X RISE THICKNESS Approx. I—>—A I. Dimensions not labeled are in millimeters.
430 x 330 | 1.63 | 152 | 125 | 225 | 150 | 700 | 500 | 1300 | 2. Soon or diometer R o .
530 x 380 .63 /.52 150 275 150 850 600 1450 2.0 pan o amei e 2. ;/ana//fmnsf in de$/gfn ?Nd ijlme;?S/?jDSdee permitted
610 x 460 1.63 1.52 175 | 300 | /50 | 1000 | 700 | 1575 | 2.1 I 0 glfow for manuracrurer's standaras.
710 _x 510 163 /.52 /75 | 400 | 150 | 150 | 800 | 1750 | 2.0 3. Fabricate the diameter of the end section of
885 x 610 2.0/ 1.9/ 225 400 150 1450 925 2125 1.9 ~ Design B to match the inside diameter of the
1060 x 740 2.0/ 1.9/ 275 450 175 1825 1150 2600 1.9 Reinforced Fnd tion concrete pipe culvert.
1240 x 840 | 2.77 | 2.67 | 300 | 525 | 225 | 2050 | i325 | 2925| 1.8 edge ' seclio | 4. Desian C may be used in lleu of design A for ol
1440 x 990 | 2.77 | 2.67 | 400 | 650 | 300 | 2200 | 1550 | 3300| /.9 © Slope ol pive et aises. Copling bands may. e
/620 X //OO 2.77 2.67 425 750 300 2500 /725 3600 /.9 L ' any Gccepfab/e fype for the p/’pe culvert SDBC/'f/'ed.
1520 x 1170 2.77 2.67 425 900 300 2500 1750 | 3550 1.9
1800 x 1200 2.77 2.67 425 900 300 2800 1925 3900 1.9 5. Fabr/cafe.mu/f/'p/e p/'ece. bodies with lap seams
/670 x 1300 | 2.77 | 2.67 | 425 | 900 | 300 | 2600 | 1925 | 3900 | 1.8 ligntly Jolned by MIO rivets or bolts. Fabricale
end section center panels for mm and larger
1950 x 1320 | 2.77 | 2.67 | 425 | 900 | 300 | 3100 | 1925 | 4175 | 1.6 v digmeter pipe and 1800 x 1200 mm and arger pipe
1850 x 1400 2.77 2.67 425 900 300 3100 1925 | 4200 1.5 A L A Pipe Culvert Toe plate arch from 3.5/ mm steel or 3.43 mm aluminum.
2110 x 1450 2.77 2.67 425 /100 300 3250 | 1925 | 4425 1.5 A W extension )
2050 x 1500 | 2.77 2.67 425 | 1100 | 300 | 3400 | 1925 | 4475 | 1.6 w 6. /0;5 Oe'nd /Zeocgorf;mcennfjflwnem for /9»770 X /350'
X and larger pipe arch, provide
2200 x 1620 | 2.77 | 2.67 | 425 | 1100 | 300 | 3400 | 1925 | 4650 | 1.5 PLAN SECTION A-A 64 x 64 5 6.4 mm angle Toimfercoment boffod
2400 x 1720 | 2.77 | 2.67 | 425 | 00 | 300 | 4000 | 2i75 | 5250 | 1.5 or riveted under the center panel seam.
2600 x 1820 2.77 2.67 425 /100 300 4300 2175 | 5550 1.3
2840 x 1920 2.77 2.67 425 /100 300 4300 | 2175 | 5650 1.2 7. Supplement the reinforced edges of end sections
ROUND OR PIPE ARCH CULVERT for 1500 mm and larger diameter pipe and 1950
x 1320, 1850 x 1400 mm and larger pipe arch with
51 x 51 x 6.4 mm stiffener angles attached with
END SECTIONS FOR ROUND PIPE CULVERT bos or  rivets,
PIPE ALU- IMENSIONS P, 8. Fabricate connector section, corner plate and toe
SIZE STEEL MINUM DIMENSIO SLOPE plate extensions from the same metal thickness
METAL A B H F L W as the panel body. Use toe plate extension where
DIAMETER THICKNESS Approx. ) shown on the plans.
300 .63 | 152 | 125 | 75 | /50 | 550 | 525 | o0 | 2.2 reinforeed = _ _ Reinforced
375 .63 .52 50 200 50 700 650 1300 >0 eage /,/ .é}é ‘\\ edge R 9. Kvirpf/embjnkm;nr srlgpes to match the slope of
450 .63 |52 | 175 | 250 | /50 | 850 | 775 | 1450 | 2.1 S 2 oo\ ¢ flared end. secrions.
600 .63 .52 225 325 150 1150 1025 | 1800 2.1 / / 3\ / ‘ \\\ 10. Furnish hardware in the metric sizes shown.
750 2.0/ 1.91 275 | 400 | 200 | 1375 | (275 | 2200 | 2.1 L T— —— - P—— ) Equivalent imperial sizes may be used when
900 2.0 .91 | 325 | 475 | 225 | 1750 | 1500 | 2650 | 2.0 ERAN A 92 P18, | IH REN o¢.paie. . [ :{H metric sizes are not available.
1050 277 | 2.67 | 375 | 625 | 250 | 2050 | 1725 | 3050 | 2. [ 5ol 200 (min.) X Corner piote [ 5ot 200 (min) ™
1200 2.77 2.67 425 725 300 2200 1950 | 3275 2.0 | | | Corner plate
1350 2.77 2.67 425 825 300 2500 2100 | 3575 2.0 ™300 mm (maxT hoie Toe plate extension ™300 mm (max) holel \
1500 2.77 2.67 425 | 900 | 300 | 2800 | 2175 | 3925 | 1.9 : ; (min.) width A+W : y Toe plate extension
spacing for MIO bolts spacing for MIO bolts (min) width A+W
1650 2.77 2.67 425 975 300 2950 2175 | 4050 1.6 -
1800 2.77 | 2.67 | 425 | 100 | 300 | 3000 | 2175 | 4225 | 1.5 ELEVATION ELEVATION
1950 2.77 2.67 425 1200 300 3250 2175 | 4450 1.4
2100 2.77 | 267 | 425 | 1300 | 300 | 3400 | 2175 | 4600 | 1.3 ROUND PIPE CULVERT PIPE ARCH CULVERT
2250 2.77 2.67 425 1450 300 3550 2175 | 4700 1.2
2400 2.77 2.67 425 1450 300 3600 2175 | 4925 1.1 Pipe culvert
25 mm minimum %
lap after expansion Pipe coupling band shop bolted to
Flat st Pipe culvert Pipe culvert R " U " o o flared end section with MIO bolts
coﬁneifgcr]p Threaded Concrete pipe culvert. — e T Smooth galvanized steel )] at 150 mm centers (max.) or equivalent
d less than .750 mm dia.-175 " g " or aluminum pipe riveted or welded connection.
Strap ro 750 mm dia. and over-325 o " "
End bolt Endr’on rod 125 ofo— Expander lug End section
. ; a
section see hg/der End section Bolted or U.S. DEPARTMENT OF TRANSPORTATION

For 300 thru 600 mm round pipe
and 430 x 330 thru 710 x 510 mm
pipe arch.

For 750 thru /1500 mm round pipe and
890 x 610 thru 1670 x 1290 mm pipe arch.

DESIGN A
CONNECTION TO ANNULAR CORRUGATED METAL PIPE

welded

DESIGN B
CONNECTION TO CONCRETE PIPE
INLET END

N 3 . FEDERAL HIGHWAY ADMINISTRATION
For all sizes of round pipe and pipe arch. FEDERAL LANDS HIGHWAY

METRIC STANDARD
DESIGN C
CONNECTION TO METAL PIPE
OR OUTLET END OF CONCRETE PIPE

METAL END SECTION

NO S‘C‘ALE STANDARD APPROVED FOR USE 3/1996 STANDARD

REVISED: 8/1997 M602_4
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POLYETHYLENE (PE) PLASTIC ROUND PIPE CULVERT

FILL HEIGHT TABLE AND MINIMUM CELL CLASSIFICATION NUMBER PER ASTM D 3350

SMOOTH WALL, CORRUGATED AND RIBBED PIPE CULVERT

SMOOTH WALL (SOLID WALL) CORRUGATED RIBBED
PIPE | minmum CELL CLASSIFICATION PIPE | MINIMUM PIPE | MINIMUM
SIZE | COVER NUMBER 335434C SIZE | COVER | CELL CLASS. CELL CLASS. SIZE | COVER | CELL CLASS. CELL CLASS.
MINIMUM WALL THICKNESS NO. 315412C NO. 324420C NO. 334433C | NO. 335434C
5.4 | 217 | 23.4 | 29.3 ] 35. | 32.8 | 57.5
DIAMETER MAXIMUM FILL HEIGHT IN METERS DIAMETER MAXIMUM FILL HEIGHT IN METERS DIAMETER MAXIMUM FILL HEIGHT IN METERS

300 300 [17.5 300 300 3.5 3.0 450 300 5.5 7.5

450 300 6 375 300 3.5 3.0 600 300 6.5 8.5

600 300 1.5 450 300 3.5 3.0 750 300 6.5 8.5

750 300 1.5 600 300 3.5 3.0 900 300 7.5 9.5

900 300 /.5 750 300 3.5 3.0 /050 300 6.5 8.0

/050 300 8.0 900 300 3.5 3.0 1200 300 6.5 8.0

1200 300 8.0

TOP

POLYVINYL CHLORIDE (PVC) PLASTIC ROUND PIPE CULVERT

FILL HEIGHT TABLE AND MINIMUM CELL CLASSIFICATION NUMBER PER ASTM D 784

SMOOTH WALL AND RIBBED PIPE CULVERT

SIDE

SMOOTH WALL (SOLID WALL) RIBBED
PIPE MINIMUM CELL CLASS. CELL CLASS. PIPE MINIMUM
S/ZE | COVER NO. 12454C NO. 12364C S/ZE | COVER CELL CLASS. CELL CLASS.
MINIMUM WALL THICKNESS NO. 12454C NO. 12364C
o0 | o | e |
DIAMETER MAXIMUM FILL HEIGHT IN METERS DIAMETER MAXIMUM FILL HEIGHT IN METERS
300 300 20 2l 300 300 /.0 8.0
375 300 9 20 375 300 9.5 6.5
450 300 /0.0 7.0
600 300 9.0 6.5
750 300 8.5 6.0
900 300 8.5 6.0
1050 300 8.0 5.5
1200 300 7.5 5.5
PLASTIC PIPE END SECTION
PIPE DIMENSIONS
SIZE
piamerer| A | B ¢ | D
300 1065 | 370 | 840 | 150
375 1170 | 620 | 1155 | 150
450 1370 | 735 | 1395 | 150
. 600 1625 | 940 | 1650 | 150
750 2235 915 | 1615 | 150
! ! 900 2235 1090 | 1690 | 150
FRONT

SHEET
STATE PROJECT NUMBER

NOTE:

.

2.

NO SCALE

Dimensions not labeled are in millimeters.

When directed, camber pipe culverts upward from
a chord through the inlet and outlet inverts an
ordinate amount equal to 1% of the pipe length.
Develop camber on a parabolic curve. If the
midpoint elevation on the parabolic curve as
designed exceeds the elevation of the inlet invert,
reduce the amount of camber or increase the
pipe culvert gradient.

Measure minimum cover from the top of the pipe
culvert to the subgrade for flexible pavements,
and to the top of the pavement for rigid
pavements. Measure maximum fill height from
the top of the pipe to the top of the pavement
for both flexible and rigid pavement.

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
FEDERAL LANDS HIGHWAY

METRIC STANDARD

PLASTIC PIPE CULVERT

STANDARD APPROVED FOR USE 3/1996 STANDARD

v M602-5
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SHEET
STATE PROJECT R

NOTE:
I. Dimensions not labeled are in millimeters.

2. D equals the diameter of all round pipe or
the rise dimension of all pipe arch culverts.

|

|

i Taper at 10:1 in rolling

| or flat terrain. Taper at
! 5:/ in mountainous terrain.

Taper at 10:1 in rolling
or flat terrain. Taper at
5:1 In mountainous terrain.

1:1.5 maximu
slope

™~ cut slope ) _.I I_@

t10:l 1077 s
Toper vert inlef %gogr _t =
h at cu -
Flaf boffom dite = mm N |
— (min.) &
FLOW i — Lo N
! I I I ‘\\| ! //' _____________ Normal ® A
Normal ditch line U A __
D[R | L \ ditch line ~
"""""""""""" bt il iy e B i (il B Wiy i ininininl alabui RS B oo | : |- T T T T T T T T T T T TS
P —|| | —=5% 1:3 maximum | | 1 ‘ “/’V ‘ AN
[ i I
bt = ‘ slope Normal ditch line ‘ | ‘
18 | B T 1 |
N 1T L | ‘ . L |
Subgrade shoulder bt Subgrade shoulder Standard 45° pipe elbow. ! !
b At skewed pipe locations, 22.5° or | i
"5" 30° pipe elbows may be required s )
L in lieu of 45° pipe elbow.
PLAN PLAN
original ground © 5
. ® 5 S 2
/ Original ground IS %’ ““mmmmﬁ,/@w - 3
WA N < S ™ 2 ©
W 77857 \ —
ST -\WN/WWK\W/N/W\\ % @ Slope at pipe Normal —». E’ %J
N 3 as staked cut siope ™\ e S
Normal —=*\ g S . S :/% Pavement surface
Slope at pipe —" cut  slope 5 S End section NS
as staked \ = an /— Pavement surface Ber\m P Subgrade
Subgrade ‘f/\\ T
) — %"‘.:': """"""""""""""""""" S
Maximum 2D or Flow line of ditch =7 =<\ Iy »— Pipe culvert —7 ¥ D
subgrade elevation at end section S ¥
Berm 2D or L
L—~/200 s Ditch widening B
mm 8 (See table) e
(min.) | & 8 ©
Q° T
QAo W
Y DITCH WIDENING U.S. DEPARTMENT OF TRANSPORTATION
S L PIPE SIZE (D) | WIDENING FEDERAL HIGHWAY ADMINISTRATION
TS 450 1500 FEDERAL LANDS HIGHWAY
' 600 1800 SECTION B-B METRIC STANDARD
750
SECTION A-A 2100 TYPE II PIPE CULVERT INLET
TREATMENT IN CUT SLOPES
TYPE ] NO SCALE STANDARD APPROVED FOR USE 3/1996 STANDARD
REVISED: M602'6
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CONCRETE ROUND PIPE CULVERT
FILL HEIGHT AND PIPE CLASS TABLE
PIPE EMBANKMENT TRENCH
SIZE | MINIMUM | cLass 11 | CLASS Il | CLASS IV | CLASS V || CLASS 1T | CLASS 1l | CLASS IV | CLASS V
piamerer | COVER MAXIMUM FILL HEIGHT ABOVE TOP OF PIPE IN METERS
300 300 3 3.0 4.5 7.0 5.5 5.5 8.0 4.0
450 300 3 3.0 7.5 12.0 4.0 4.0 9.0 /3.5
600 300 3 3.0 4.5 9.0 4.5 4.5 6.5 12.0
750 300 2.5 4.0 4.5 10.5 4.0 5.0 6.0 14.0
900 300 2.5 2.5 6.0 2.5 3.0 4.0 8.0 7.0
1200 300 3.5 4.0 8.0 13.5 4.5 5.0 9.0 5.0
/1500 300 4.5 5.0 8.5 13.5 4.5 6.0 9.5 15.0
1800 300 4.0 5.0 9.0 12.5 4.5 6.0 10.5 /5.0
2100 300 4.0 5.5 9.0 4.5 7.0 /1.0
2400 300 4.0 6.0 4.5 7.0
2700 350 4.5 6.0 5.5 8.0

Finished subgrade ~.

Finished subgrade or embankment height

trench excavation

T

Limits of pipe compaction

Roadway embankment

2H

Class B bedding
material

EMBANKMENT INSTALLATION

Granular backfill
to springline ~

Class B bedding
material

Minimum spacing

(See table)

MINIMUM SPACING

DIAMETER

EMBANKMENT | TRENCH

300-900

380 2H

900-2400

0.5H 1830

OVER 2400

1220

1830

MULTIPLE ROUND PIPE INSTALLATION

0.15

TRENCH INSTALLATION

| 425 mm (max.)_,

before

LEGEND:

Bedding material

Embankment material placed in layers not
exceeding /150 mm compacted depth.

Culvert end
treatment

|—— A
Embankment

slope

High water elevation

Piping plug _

L. s

Construct a piping plug of impermeable backfill

Approved granular material or fine compactable soil
placed in layers not exceeding 150 mm compacted depth.

Width

SECTION A-A

material at the pipe inlet where granular

material is used for backfill. Width may be

adjusted to tie into impervious material.

PIPING PLUG

Do not install fastener over pipe joint.

375 mm (min.)

30 mm dia. hole
for M27 Joint tie

é

Y g—

Tapered holes permitted
when precast.

2

SR . o — ]
] B ') a2

a0 Lt

- L N

. s s Tl s

Cafle

0 Ring if required

50 mm (max.)
typical

850 mm (max.)

750 mm (min.)

SUPPLEMENTAL CONCRETE PIPE TIE

STATE PROJECT

SHEET

NUMBER

NOTE:

I

2.

Concrete pipe tie
holes (typ.)

NO SCALE

Dimensions not labeled are in millimeters.

When directed, camber pipe culverts upward from
a chord through the inlet and outlet inverts an
ordinate amount equal to /% of the pipe length.
Develop camber on a parabolic curve. If the
midpoint elevation on the parabolic curve as
designed exceeds the elevation of the inlet invert,
reduce the amount of camber or increase the pipe
culvert gradient

Measure minimum cover from the top of the pipe
culvert to the subgrade for flexible pavements,
and to the top of the pavement for rigid
pavements. Measure maximum fill height from the
top of the pipe to the top of the pavement for
both flexible and rigid pavements.

Pipe compaction limits shown are for pipe
installation in an embankment. For pipe
installation in a trench, the compaction limits
shall be the walls of the ftrench.

Where unyielding or unstable material is
encountered, install the pipe culvert according to
the limits of pipe compaction shown on Standard
M602-3.

When grades exceed 107 install supplemental
concrete pipe ties on pipe culvert or install bell
and spigot pipe.

Maximum fill heights for pipe culvert installations
may be increased on approval of site-specific
structural pipe designs meeting the criteria

of AASHTO Standard Specifications for Highway
bridges.

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
FEDERAL LANDS HIGHWAY

METRIC STANDARD

CONCRETE PIPE
CULVERT INSTALLATION

STANDARD APPROVED FOR USE 3/1996

REVISED:

STANDARD

M602-7
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Diameter

ELEVATION
L
C | B
| 3 &
lx ) :
<
SECTION A-A

NOTE:

I

2.

Dimensions not labeled are in millimeters.

STATE

PROJECT SHEET

NUMBER

Variations in design and dimensions are permitted
to allow for manufacturer’'s standards.

Fabricate the outlet end section with a groove end

and the inlet end section with a tongue end.

Warp embankment slopes to match the slope of
the flared end section.

END SECTIONS FOR ROUND PIPE CULVERT
PIPE DIMENSIONS
SIZE
oameTER | T A B C L w F RI R2 R3
300 50 100 | 600 | 1222 1822 ] 600 | 325 | 253 | 225 | 100
375 57 150 | 675 | 150 | 1825 750 | 400 | 312 | 275 | 150
450 63 | 225 | 675 | 150 | 1825 | 900 | 475 | 388 | 300 | /88
525 69 | 225 | 900 | 925 | 1825 | 1050 | 550 | 42 | 325 | 125
600 75 | 238 | 1088 | 750 | 1838 | 1200 | 625 | 420 | 350 | 200
¢ 675 82 | 263 | 1200 | 638 | 1838 | 1350 | 700 - | 362 | 225
| 750 88 | 300 | 1350 | 494 | 1844 | 1500 | 775 | 462 | 375 | 200
825 94 | 345 | 1485 | 938 | 2400 | 1650 | 865 | 594 | 438 | 225
900 100 | 375 | 1585 | 825 | 2400 | 1800 | 925 | 580 | 500 | 275
1050 13 | 525 | 1585 | 825 | 2400 | 1950 | 1095 | -- | 550 | 275
1200 125 | 600 | 1800 | 600 | 2400 | 2100 | 1225 -- | 550 | 300
ELEVATION
L
~ C ) B
‘ | 3 :j\
I~ \,/ p~+
E 1 U.S. DEPARTMENT OF TRANSPORTATION
OE') FEDERAL HIGHWAY ADMINISTRATION
AS] FEDERAL LANDS HIGHWAY
Q “I METRIC STANDARD
} CONCRETE END SECTION
~ FOR ROUND PIPE
SECTION B-B
NO SCALE STANDARD APPROVED FOR USE 3/1996 STANDARD

REVISED:

M602-8
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Longitudinal

i
Top of end section bars Slope < 1
5 % . *
; SIS mm
Bolt to hold the surfaces Reinforced edge ul IS sk
tightly together length of end section 3|8 N =
(See Section A-A) T ol S| &le
Q S : Ble
Optional toe plate E[ L‘QL 5|5 S Safety SN
extension (same | ——we—m Y o Sarety bars (typ.) LQE bars (typ.) I SYES]
thickness as 50
end section) r if N R A A
200 /
A w A L IN))
Q RIBN)
Overall wiath 9 R / SN
1
FRONT VIEW ELEVATION ELEVATION

ROUND PIPE CULVERT

Top of end section

Reinforced edge full

length of end section MI2 galvanized threaded rod over

CROSS DRAINAGE END SECTION

2 Mastic where
/_ required

PARALLEL DRAINAGE END SECTION

NOTE:

I. Dimensions not labeled are in millimeters.

STATE

PROJECT

SHEET
NUMBER

2. Use end sections on [:4 to 1:6 slopes only. Use
toe plate extension where shown on the plans.

3. Fabricate safety and longitudinal bars from

steel pipe conforming to ASTM A53 schedule
40 specifications. Galvanize bars hot dipped

after fabrication.

4. A longitudinal bar is required for cross drainage

end sections when the span is greater than

750 mm. Use additional longitudinal bars if
spacing exceeds 750 mm on larger end sections.

5. Safety and longitudinal bars are not required on
750 mm and smaller cross drainage end sections.

6. Safety bars are not required on 450 mm and

smaller parallel drainage end sections.

7. 450 mm diameter sleeves have a thickness of

(See Section A-A) W2 x 150 mm  top of end section. Side lugs g 2.0l mm, all others are 2.77 mm.
Bolt to hold the surface gg//;/a;//zggr fo be bolted o end section. j E%J: 8. Provide hardware in the metric sizes shown.
tightly together _\: ‘\I --------- i 2 Sls Equivalent imperial sizes may be used when
~ N 1 1 1 1 Aternate view E o[8 metric sizes are not available.
Optional toe plate N | N\ E{ Galvanized for female end = 5
extension (same IR A strap Form 68 x 13 corrugations METAL END SECTIONS FOR ROUND PIPE CULVERT
Lﬂﬁkgiif,oﬁf_/ e i Side lug i [y e and attach with Type | strap DIMENSIONS IN_MILLIMETERS
— —— - or Type 2 threaded rod. PIPENMIND\ | w |OYERALL S ope| 1 |siorE| @
A w A DIA. |THICK WIDTH
Overall wiath FOR METAL ROUND PIPES — FOR METAL ROUND PIPES 750 mm  FOR ALL SIZES OF CONCRETE 450 | .63 | 200 | 150 | 600 | 1000 | 14 | 800 | 1:6 | 1200
375 mm THRU 600 mm AND LARGER. FOR PIPE ARCHES ROUND OR PIPE ARCHES 600 | 1.63 | 200 | 150 | 750 1150 14 | 1400 | 1:6 | 2100
FRONT VIEW 525 x 375 MM AND LARGER 750 | 2.77 | 300 | 225 | 900 | 1500 | I:4 | 2000| 1:6 | 3000
TYPE *I TYPE *2 TYPE *3 900 | 2.77 | 300 | 225 | 1050 | 1650 | -4 | 2600]| 1:6 | 3900
PIPE ARCH CULVERT CONNECTOR DETAILS 1050 | 2.77 | 400 | 300 | 1200 | 2000 | 1:4 |3200| 1:6 | 4800
1200 | 2.77 | 400 | 300 | /350 | 2150 I:4 | 3800 | [:6 |5700
Edge of sidewal shest 1350 | 2.77 | 400 | 300 | /500 | 2300 | -4 | 4400 | 1:6 | 6600
W2 corrioge rolled snugly against I (mine) dio. /500 | 2.77 | 400 | 300 | 1650 | 2450 | 14 | 5000| 1:6 | 7500
galvanized head steel rod galvanized steel
ot (v Feinforoing bar METAL END SECTIONS FOR PIPE ARCH CULVERT
%e/iagi"fﬁzir"‘?ﬂyi‘ff DIMENSIONS IN MILLIMETERS
3 (aporos.) EQuIV. (MIN.) OVERALL
2P pia. | SPAN | RISE | el A H Wy SLOPE| L [SLOPE| L
rorolel SECTION A-A Corrugation sized 450 | 525 | 375 | 1.63 | 200 | /150 | 675 | 1075 | 14 | 500 | 16 | 750
safety bars / o 111 pip 600 | 700 | 500 | 1.63 | 200 | /50 | 850 | 1250 | 14 | 1000 | 1:6 | /500
750 | 875 | 600 | 2.77 | 300 | 225 | 1025 1625 1:4 1400 | 1:6 | 2100
900 | 1050 | 725 | 2.77 | 300 | 225 | 1200 1800 1:4 1900 | 1:6 |2850
Longitudingl bor Plpe \ 1050 | 1225 | 825 | 2.77 | 400 | 300 | 1375 2175 4 | 2300 [:6 |3450
M2 carriage 1200 | 1425 | 950 | 2.77 | 400 | 300 | 1575 | 2375 I:4 | 2800 | [1:6 |4200
galvanized v . 1350 | 1600 | 1075 | 2.77 | 400 | 300 | 1750 | 2550 | I-4 | 3300 1:6 | 4950
head bolts (typ.) SECTION B-B 1500 | 1775 | 1I75 | 2.77 | 400 | 300 | /1925 | 2725 I:4 | 3700 | [:6 |5550
/1800 | 2075 | 1425 | 2.77 | 400 | 300 |2225| 3025 14 | 4700 | [1:6 | 7050
25 x /5 mm slors
L 1200 mm (max.) /\
25 N %I U R EOERAL HIGHWAY. ADMINISTRATION
PARALLEL DRAINAGE *Ih'— Mo No| Ny 4 FEDERAL LANDS HIGHWAY
END SECTION =< , /33 , ) METRIC STANDARD
29 Fiotran e, than. bond outerds
/00 mm to ,mafch end section sides. MVEI;I-TAFll_ SEL\IIPEEYECBTAggs
CROSS DRAINAGE END SECTION LONGITUDINAL DRAINAGE BAR PARALLEL BARS
NO SCALE STANDARD APPROVED FOR USE 3/1996 STANDARD

SAFETY BAR DETAILS

REVISED:

871997

M602-9
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STRUCTURAL PLATE PIPE CULVERT

FILL HEIGHT AND METAL THICKNESS TABLE

17 NOV 2000

STEEL ALUMINUM NOTE:
PIPE MINIMUM 152 x 5/ CORRUGATIONS PIPE MINIMUM 230 x 64 CORRUGATIONS I.  Dimensions not labeled are in millimeters.
SIZE COVER METAL THICKNESS/BOLTS PER CORRUGATION SIZE COVER METAL THICKNESS/BOLTS PER CORRUGATION ) )
2. Fabricate the bottom plates one (1) thickness
2.82/2 | 3.56/2 | 4.32/2 | 479s2] 5.5472 | 6.32/2 | 74102 | 7.87/3 | 9.65/4 2.54/4 | 3.48/4 | 3.81/4 | 4.44s4 | 5.08/4 | 5.72/4 | 6.35/4 heavier than the side plates but not heavier
DIAMETER MAXIMUM FILL HEIGHT ABOVE TOP OF PIPE IN METERS DIAMETER MAXIMUM FILL HEIGHT ABOVE TOP OF PIPE IN METERS than 9.65 mm for steel or 6.35 mm for aluminum.
1500 300 14.0 | 20.7 | 27.4 | 30.0| 30.0 | 30.0 | 30.0 | 30.0 | 30.0 1500 375 9.5 | 3.7 | 183 2.3 | 24.7 | 28.0 [ 30.0
1655 300 2.8 | 18.9 | 24.7 | 284 | 30.0 | 30.0 | 30.0 | 30.0 | 30.0 1655 375 85 | 125 | 165 | 19.5 | 22.6 | 25.6 | 28.7 3. Fasten plates with galvanized steel M20 bolts
1810 300 | 1.6 | 7.4 | 22.9 | 26.2 | 30.0 | 30.0 | 30.0 | 30.0 | 30.0 || /800 450 7.6 | 1.3 | 5.2 | /7.7 | 20.4 | 23.5] 26.2 and nufs conforming fo AASHTO MI67M. Imperial
sized 3 inch bolts and nuts conforming to

1965 300 10.7 | 15.9 | 2.0 | 24. | 29.0 | 30.0 | 30.0 | 30.0 | 30.0 1965 450 7.0 | 107 | 40 65 | 189 | 216 | 24 AASHTO MIE7 may be used until metric
2120 300 10.1 4.9 /9.5 22.3 28.8 30.0 30.0 30.0 30.0 2120 450 6.7 9.8 2.8 15.2 7.7 20.1 22.3 fasteners are available.
2275 300 9.6 | /3.7 | 18.3 | 25.0]| 28.6 | 30.0 | 30.0 | 30.0 | 30.0 2275 525 6.1 9./ 2.2 14.3 | 165 | 186 | 20.7
2430 300 8.8 | /3.1 17.1 19.6 | 23.5| 27.7 | 30.0 | 30.0 | 30.0 2430 525 58 | 8.5 .3 | 13.4 | 5.2 | i7.4 | 9.5 4. When directed, camber pipe culverts upward
2585 450 8.2 | 12.2 | /5.9 | 18.3 | 22.3| 26.2 | 28.7 | 30.0 | 30.0 || 2585 600 55 | 7.9 | 10.7 | 12.5 | 143 | 16.5 | /8.3 lfnf on 2 gg‘”o i d/fr’;g ?Zme’;Zi f’”;gzaf”f‘; ‘/75”2;
2740 450 7.6 | 1.6 5.2 | 17.4 | 21.0 | 24.7 | 26.8 | 30.0 | 30.0 2740 600 52 | 7.6 0.1 | 1.9 3.7 | 155 | 17.4 the pipe length. Develop camber on a parabolic
2895 450 7.3 /1.0 /4.3 6.5 /9.8 23.5 25.6 30.0 30.0 2895 675 4.9 7.0 9.5 1.3 12.8 4.6 6.5 curve. If the midpoint elevation on the
3050 450 7.0 | 10.4 | /3.7 | 155 | 8.9 | 22.3 | 24.4 | 30.0 | 30.0 3050 675 4.6 | 6.7 9./ 0.7 | 12.2 | 140 | /5.5 parabolic curve as designed exceeds the
3205 450 6.7 | 9.8 12.8 | 149 | 8.0 | 2.0 | 23.2 | 29.0 | 30.0 3205 750 4.3 | 6.4 8.5 | 0. /.6 13.4 | 14.9 elevation of the inlet invert, reduce the
3360 450 64 | 95 | 12.2 | 140 | 170 | 200 | 22.0 | 27.7 | 29.6 || 3360 750 2.3 | 6.1 82 | 9.8 | 1.3 | 12.8 | 143 gl’j’/‘;‘é’;; gﬁa(;.‘;ﬁf‘er or incredse the pipe
35/5 450 6.1 8.8 1.9 134 | 6.5 | 19.2 | 21.0 | 26.5 | 28.4 3515 825 4.0 | 5.8 7.9 | 9. 0.7 | 12.2 | 13.4
3670 450 5.8 8.5 .3 13.1 /5.5 18.6 20.1 25.3 27.1 3670 825 3.7 5.5 7.6 8.8 10.1 1.6 /3.1 5. Measure minimum cover from the top of
3825 600 5.5 8.2 1.0 2.5 | 14.9 | 17.7 19.5 24.4 | 26.2 3825 825 5.5 7.3 | 8.5 9.8 1.0 12.5 the pipe culvert to the subgrade for flexible
3980 600 5.2 | 7.9 0.4 | 1.9 | /4.3 | 17. 8.6 | 23.2 | 25.0 3980 825 5.2 7.0 | 82 | 9.5 0.7 | 1.9 ?ZXT?-S?J%J&Z% e;‘;;h; 62‘;@ rgf mﬁm@% Ve;"if/” f
4/35 600 52 | 7.6 /0.1 1.6 4.0 | 16.6 | 180 | 22.3 | 24.1 4135 825 6.7 | 7.9 9./ 0.4 | 1.6 height from the fop of the pipe fo the fop
4290 600 4.9 7.3 9.8 1.0 3.4 5.9 7.4 2.6 23.2 4290 825 6.4 7.6 8.8 0.1 /1.0 of the pavement for both flexible and rigid
4445 600 4.9 | 7.0 9.5 0.7 | 2.8 | 15.2 | 16.8 | 20.7 | 22.6 4445 825 6.1 7.3 8.5 9.5 | /0.7 pavement.
4600 600 46 | 6.7 9./ 0.4 | 12.5 | 146 | 16.2 | 20.1 | 216 4600 825 7.0 8.2 9./ /0.4
4755 600 46 | 6.7 8.8 10.1 2.2 | 14.3 | 155 | 19.5 | 2.0 4755 825 6.7 7.9 8.8 | 10.1
4910 600 6.4 8.5 9.8 .6 | 13.7 | 152 | 18.9 | 20.4 4910 900 7.6 8.5 | 9.8
5065 750 6.1 8.2 9.5 .3 | 13.4 | 46 | 18.3 | 19.8 5030 900 7.3 8.5 | 9.5
5220 750 6.1 7.9 9./ 1.0 | 137 14.3 | 7.7 | 19.2 5220 900 7.0 8.2 | 9.
5375 750 5.8 7.5 8.8 0.7 | 12.5 | 137 | 7. 18.6 5385 900 7.9 | 8.8
5530 750 7.5 8.5 0.4 | 12.2 | 13.4 | 16.5 | 18.0 5530 900 7.6 | 85
5685 750 7.3 8.2 | 10.0 | 1.9 13.1 6.2 | 17.7 5685 900 8.2
5840 750 7.0 7.9 9.8 | 1.6 2.8 | 15.5 | 17.1 5840 900 8.2
5995 750 7.0 7.6 9.5 | 1.3 2.5 | 15.2 | 16.8
6150 900 7.6 9.5 | 1.0 2.2 | 14.9 | 6.2
6305 900 9./ 0.7 | 11.9 14.6 | 15.9
6460 900 8.8 | 10.4 | 1.6 14.0 | 15.5
6615 900 85 | 104 | .3 13.7 | 14.9
6770 900 85 | 10 | 1.0 | 3.4 | 1.6 Pay Limit (Staked length)
6925 900 8.2 | 9.8 10.7 | 3./ /4.3
7080 900 9.5 13.4 | 12.8 | 14.0 B
7235 900 9.5 134 | 12.5 | I13.7 _
7390 900 9./ 10.1 12.2 | 13.4 Q
7545 1050 9.8 2.2 | 131 5
7700 1050 98 | 1.9 | 12.8 5
7855 1050 9.5 1.6 12.5 2

f:\standraw\metric\ms+6030l.dgn
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s
S = 1.5 for [I:1.5 fill slopes

z / U.S. DEPARTMENT OF TRANSPORTATION
S = 2 for I:2 or flatter slopes FEDERAL HIGHWAY ADMINISTRATION

FEDERAL LANDS HIGHWAY

METRIC STANDARD
END TREATMENT DIAGRAM STRUCTURAL PLATE
PIPE CULVERT

NO SCALE STANDARD APPROVED FOR USE 3/1996 STANDARD
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STRUCTURAL PLATE PIPE ARCH CULVERT

FILL HEIGHT AND METAL THICKNESS TABLE

STEEL

ALUMINUM

152 x 51 CORRUGATIONS

230 x 64 CORRUGATIONS

2 Bolts per corrugation

4 Bolts per corrugation

PIPE ARCH |cORNER|MiNMUM| METAL | A% FILL 1| PIPE ARCH |CORNER|MINIMUM| METAL |, Ma% fEL
SIZE  |RADIUS| COVER | THICKNESS 51T AB0VE SIZE  |RADIUS| COVER | THICKNESS |'rop o e

SPAN X RISE METERS || span x RisE METERS
1850 x 1400 | 460 | 300 | 2.82 4.9 2010 x 730 | 805 | 450 | 2.54 7.0
1930 x 1450 | 460 | 300 | 2.82 4.6 2110 x 1750 | 805 | 450 | 2.54 6.7
2060 x 1500 | 460 | 300 | 2.82 4.3 2210 x 1800 | 805 | 450 | 2.54 6.4
2130 x 1550 | 460 | 300 | 2.82 4.3 2360 x 1830 | 805 | 450 | 2.54 6./
2210 x 1600 | 460 | 300 | 2.82 4.0 2460 x 1850 | 805 | 525 | 2.54 5.8
2340 x 1650 | 460 | 300 | 2.82 4.0 2570 x /1900 | 805 | 525 | 2.54 5.5
240 x 700 | 460 | 300 | 2.82 3.7 2690 x 1930 | 805 | 525 | 2.54 5.2
2490 x 1750 | 460 | 450 | 2.82 3.7 2620 x 1960 | 805 | 600 | 2.54 4.9
2620 x 1800 | 460 | 450 | 2.82 5.4 2920 x 1980 | 805 | 600 | 2.54 4.9
2690 x 1850 | 460 | 450 | 2.82 3.4 3020 x 2030 | 805 | 675 | 2.54 4.6
2640 x 1910 | 460 | 450 | 2.82 3.0 3120 x 2060 | 805 | 675 | 2.54 4.6
2900 x 1960 | 460 | 450 | 2.82 3.0 3280 x 2080 | 805 | 675 | 2.54 4.3
2970 x 200 | 460 | 450 | 2.82 5.0 3380 x 2130 | 805 | 750 | 2.54 4.3
3120 x 2060 | 460 | 450 | 2.82 2.7 3480 x 2160 | 805 | 750 | 2.54 4.0
3250 x 210 | 460 | 450 | 2.82 2.7 3580 x 2180 | 805 | 750 | 2.54 4.0
3330 x 2160 | 460 | 450 | 2.82 2.7 3730 x 2210 | 805 | 825 | 2.54 3.7
3480 x 2210 | 460 | 450 | 2.62 2.4 3840 x 2260 | 805 | 825 | 2.54 3.7
3530 x 2260 | 460 | 450 | 2.82 2.4 3940 x 2290 | 805 | 900 | 2.54 3.7
3610 x 2310 | 460 | 450 | 2.82 2.4 3990 x 2490 | 805 | 900 | 2.54 3.4
3760 x 2360 | 460 | 600 | 2.82 2.1 3990 x 2540 | 805 | 900 | 2.54 3.4
3610 x 2410 | 460 | 600 | 2.82 2.1 4240 x 2570 | 805 | 900 | 2.54 3.4
3860 x 2460 | 460 | 600 | 2.82 2.1 4240 x 2870 | 805 | 900 | 2.54 3.4
3910 x 2540 | 460 | 600 | 2.82 1.8 4240 x 2620 | 805 | 900 | 2.54 3.4
4090 x 2570 | 460 | 600 | 2.82 .8 4340 x 2920 | 805 | 900 | 2.54 3.0
4240 x 2620 | 460 | 600 | 2.82 .8 4470 x 2950 | 805 | 900 | 3.8 3.7
4290 x 2670 | 460 | 600 | 2.82 .5 4550 x 3000 | 805 | 900 | 3.8 3.4
4340 x 2720 | 460 | 600 | 2.82 .5 4670 x 3050 | 805 | 900 | 3.8 3.4
4040 x 2840 | 790 | 750 | 2.82 3.7 4750 x 300 | 805 | 900 | 3.8 3.4
40 x 2900 | 790 | 750 | 2.82 3.7 4900 x 3/50 | 805 | 900 | 3.8 3.0
4270 x 2950 | 790 | 750 | 2.82 3.7 4980 x 3200 | 805 | 900 | _ 3.8i 3.0
4320 x 3000 | 790 | 750 | 2.82 3.7 510 x 3250 | 805 | 900 | 3.8 3.0
4390 x 3050 | 790 | 750 | 2.82 3.4 5/80 x 3300 | 805 | 900 | 3.6/ 3.0
4550 x 3100| 790 | 750 | 2.82 5.4 5260 x 3350 | 805 | 900 | 3.8 3.0
4670 x 3150 | 790 | 750 | 2.82 3.4 54/0 x 3400 | 805 | 900 | 4.44 2.7
4750 x 3200 | 790 | 750 | 2.82 3.4 5490 x 3450 | 805 | 900 | 4.4 2.7
4830 x 3250 | 790 | 750 | 2.82 3.0 56/0 x 3500 | 805 | 900 | 4.44 2.7
4950 x 3300 | 790 | 750 | 2.82 5.0 5690 x 3560 | 805 | 900 | 5.08 2.7
5030 x 3350 | 790 | 750 | 2.82 3.0 5840 » 3580 | 805 | 900 | 5.08 2.7
5180 x 3400 | 790 | 750 | 2.82 3.0 5920 x 3630 | 805 | 900 | 5.08 2.7
5230 x 3450 | 790 | 750 | 2.82 3.0 6050 x 3680 | 805 | 900 | 5.08 2.4
5310 x 35/0 | 790 | 750 | 2.82 2.7 6120 x 3730 | 805 | 900 | 5.08 2.4
5460 x 3560 | 790 | 750 | 2.82 2.7 6120 x 3810 | 805 | 900 | 5.08 2.4
5510 x 3610 | 790 | 750 | 2.82 2.7 6350 x 3640 | 805 | 900 | 5.72 2.1
5660 x 3660 | 790 | 750 | 2.82 2.7 6430 x 3890 | 805 | 900 | 5.72 2.1
5720 x 3710 | 790 | 750 | 2.82 2.7 6550 x 3940 | 805 | 750 | 5.72 2.1
5870 x 3760 | 790 | 750 | 3.56 2.4

5940 x 36810 | 790 | 750 | 3.56 2.4

5990 x 3860 | 790 | 750 | 3.56 2.4

6070 x 390 | 790 | 750 | 3.56 2.4

6220 x 3960 | 790 | 750 | 3.56 2.1

6270 x 400 | 790 | 750 | 3.56 2.1

Pay Limit (Staked length)

STATE PROJECT

SHEET
NUMBER

NOTE:

I

2.

Dimensions not labeled are in millimeters

Fabricate the bottom plates one (I) thickness
heavier than the side plates but not heavier

than 4.32 mm for steel or 4.44 mm for aluminum.

Fasten plates with galvanized steel M20 bolts
and nuts conforming to AASHTO MI67M. Imperial
sized 3% inch bolts and nuts conforming to
AASHTO MI67 may be used until metric
fasteners are available.

When directed, camber pipe culverts upward
from a chord through the inlet and outlet
inverts an ordinate amount equal to /% of

the pipe length. Develop camber on a parabolic
curve. If the midpoint elevation on the parabolic
curve as designed exceeds the elevation of the
inlet invert, reduce the amount of camber or
increase the pipe culvert gradient.

Measure minimum cover from the top of the
pipe culvert to the subgrade for flexible
pavements, and to the top of the pavement

for rigid pavements. Measure maximum fill
height from the top of the pipe to the top

of the pavement for flexible and rigid pavement.

Step permitted to allow
for manufacturer’s standards \

Rise

w »
[} [l

/ Top of corner plate

1.5  for I:1.5 fill slopes
2 for 1:2 or flatter slopes

END TREATMENT DIAGRAM

NO SCALE

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
FEDERAL LANDS HIGHWAY

METRIC STANDARD

STRUCTURAL PLATE
PIPE ARCH CULVERT

STANDARD APPROVED FOR USE 3/1996

REVISED:

STANDARD

M603-2
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STATE PROJECT NUMBER
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Sidewalk \
/Pavemenf
a - NOTE:
' Gutter or ditch
- line I Dimensions not labeled are in millimeters.
v
E&— 2. CONCRETE: Chamfer exposed edges 20 mm
unless otherwise shown. Give all concrete
Catch = surfaces a Class | finish.
basi ©
asin 3. The minimum concrete cover to the face
of any bar is 50 mm unless otherwise shown.
4. See Detail M604-2 for Type A Frame and
- _ Grate and Detail M604-3 for Type B Frame
and Grate.
TYPICAL INSTALLATION
CURB SECTION
Sidewalk \
Pavement
d 0350 CONCRETE CATCH BASINS
L z PIPE DIMENSIONS
125 25 25 125 FRAME AND GRATE
T ' | SIZE | DEPTH [Typg A | TYPE B
T [ . DIAMETER H T T
Catch \I‘ J/ 300 900 780 780
basin a- - 450 900 780 780
e m 600 1200 1010 1020
| n 750 1200 1240 1260
. 900 1350 1470 1500
_ _ N 1050 1500 1700 1680
i}j 1200 1650 1930 1920
g
A
©
TYPICAL INSTALLATION Y CONCRETE CATCH BASINS
All reinforcing steel TABLE OF ESTIMATED QUANTITIES
s CURB AND GUTTER SECTION *I3 at 300 mm:. .
N e 4 ed Bend to clear pipe. PIPE CONCRETE MASS (kilograms)
o 08 SIS SIZE n3  |FEINFORCING| FRAME AND GRATE
S 5\'\0\5/%// ’ INLET DETAIL DIAMETER STEEL | TYPE A |TYPE B
/\\\\;// \\q//,\ 300 0.6 24 98 108
450 0.6 24 98 108
600 0.8 37 123 142
%Zﬁ 750 0.9 42 148 177
900 1.2 46 74 21l
1050 1.4 59 199 263
1200 1.7 68 225 297
U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
FEDERAL LANDS HIGHWAY
METRIC STANDARD
TYPICAL INSTALLATION . CATCH BASIN TYPE |
DITCH SECTION
STANDARD APPROVED FOR USE 3/1996 STANDARD
REVISED: 571997 M604_I
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| 105

Spacing for 12.7 x 125
mm plate 4 spaces
at 115= 460 mm

| 100

9l

|
| Direction of flow —=

N

\

Ty

2N

I

AN
AN

AN

=

|
AN
=

\

756

13 mm

SECTION A-A

—<=—— TRAFFIC ——=

5.6 1 105 15 00 9 56
Plate 95
e |‘ 6.4 '/\ X 6.4 mm ‘ Plate | ST
64 45° . :
ﬂ | \ 85 x 64I mm ~\ |._
8 : 7 I
[} (typ.) 6 % m - | :
// N . < J
5.8 mm . ; .
i\ dia. _bar %} . (trim L to size)

M2 x 100 mm —I
headed anchor |

25 mm -

Plate 125 x 12.7 mm

Drill 13 mm dia. LI02 x 25 x 6

hole furnish MIO

(trim L to size)

.4 mm

/ 6.4 mm) Y

plate

SHEET

STATE NUMBER

PROJECT

NOTE:

I.. Dimensions not labeled are in millimeters.

2. STRUCTURAL STEEL: AASHTO M 183
(ASTM A 36M).
3. BOLTS & WASHERS: ASTM A 307,

Galvanized.

4. THREADED CONCRETE ANCHORS: Ferrule
loop inserts for MIO bolt or approved
equal.

HEADED CONCRETE ANCHORS: Weld to
frame with a full penetration butt weld.

WELDING: Weld in conformance with
the Standard Specifications. Unless
otherwise indicated seal weld all joints
with a minimum size fillet weld, based
on material thickness. Grind smooth all
contact surfaces.

FINISH: Galvanized after fabrication.

7. Estimated weight, frame and grate
(756 x 756 mm) 97.5 kg. Increase
or decrease weight by 12.7 kg for
each 115 mm increment.

Furnish hardware in the metric sizes
shown. Equivalent imperial sizes may be
used when metric sizes are not available.

LIo2 x 25 x 6.4 mm

M2 x 100 mm

die. hole\ / dia. hole [ FON\ bolt and washer stiffener
| BaVESGES Plate 45 x 45 x 6.4 mm S
14
ﬂ N Ferrule loop insert for MIO bolt
. E _&
ol o SECTION B-B
M|~ g
j 5}
o § % E
Slo A A =
0 C C ¢ e e *u:) L
S N~
N L J 20,
gl Do
9 &R S S ([P —— - - e = e
s N H
) © §|° | < < it
It K x| 9 H
28 <8 25 !
‘g % ( ( [ ( R g, % i
niM Gn- !
2 ! B
g|~ . T O O N I
g g R
ol . I— :
M| . . L. S
— Ll B g I G A
o 130 mm % I |
“(Typ.) GRATE DETAILS i
g~ 4 W :
LL_. 4_mm : v — = A ’
—|> (typ.)
Nrg—
o O ?/ g £
o)
S/ ?\ LI02 x 25 x 6.4 mm FRAME AND GRATE DETAILS
e Y~ /3 mm 9
3|E dia. hole
Sko
28
S Il
glo
(O
Sp
NS c-L2
o
| o 9
o od
NS 25 mm
s|% - LI02 x 25 \ dia. hole
:f: LI0z x 64 x 6.4 mm\ x 6.4 mm LI02 x 64 x 6.4 mm S \ 85 x 6.4 mm
~S P “‘\\\
Sls Y
sl cedecd (typ.)
(%(é VT 6 4
— o) [e
8 dia. hole Plote
= O o)
Q 95 x 6.4 mm
- 6.4 mm
64 Spacing for Mi2 x 100 mm headed 64 g%fe 127 plate stiffener
anchors 2 spaces at 226= 652 mm X lewrmm
780
FRAME CORNER DETAIL GRATE CORNER DETAIL

FRAME DETAIL

NO SCALE

headed anchor

FRAME ANCHOR DETAIL

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
FEDERAL LANDS HIGHWAY

METRIC STANDARD

METAL FRAME AND GRATE
TYPE A

STANDARD APPROVED FOR USE 3/1996 STANDARD

REVISED: 871997

M604-2
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NUMBER
Spacing for 12.7 x 90 mm plate 5.6 45,60 , 60 , 60 . 60 . 60 _, 60 . 5/ 5.6
45, /l _spaces at 60= 660 mm =
0 6.4 1L 6.4 4|l
'ﬁl ‘ Direction of flow — .64 o 5.8 mm Plate Plate 164 NOTE:
o | 6 ' dio. bar 70 x 6.4 mm 45°N5 X 6.4 mm |
N : . \\ /. Dimensions not labeled are in millimeters.
) A _17_&‘
@T 756 L76 x 64 6 0| 2. STRUCTURAL STEEL: AASHTO M 183 (ASTM
X 6.4 mm — : . A 36M)
SECTION A-A W2 x 100 mm —| QD 13 P ( * // =it | 3. BOLTS & WASHERS: ASTM A 307, Galvanized.
_———————— —_— - o .
13 mm TRAFFIC 5 m 0000 anehor 1\ hole Furnish M0 gg ' 27 mm L76 x 25 x 6.4 mm 4. THREADED CONCRETE ANCHOR: Ferrule loop
dia. hole dia. hole bolt and washer (trim angle to size) inserts for MIO bolt or approved equal.
‘ Plate 45 x 45 x 6.4 mm . .
_ / ) 5. WELDING: Weld in conformance with the
. . Ferrule loop insert for MIO bolt Standard Specifications. Unless otherwise
ml L ISR indicated seal weld all joints with a
SIS minimum size fillet weld, based on material
ol o thickness. Grind smooth all contact surfaces.
NE " %E SECTION B-B FINISH: Galvanized after fabrication.
N g
“lo A A A an 6. Estimated weight, frame and grate (756 X
S Sh=9H-9H- 9H-9H-9H- SH- S S S S G 756 mm grate) 108 kg. Increase or decrease
R | ‘I o, weight by 8.6 kg for each 60 mm increment.
gl Sl
8 E& Bk 7. Furnish hardware in the metric sizes shown.
NG EE EE Equivalent imperial sizes may be used when
=l <l &T'-- ..... | E—— -1 I —— r— = IF——---] - F————--— — =1 metric sizes are not available.
g8 |8 Q|| |
S|] all:-al:al-atl:- ail: |- atl - all - |- all - = o L < < (R
Ql » S0 1
%) o~ 1
" S 22 ||:
IS & |
g3 : B
> 1
SIES . : < < J
™ i : !
p i W(U/D.)
¥ . I ] .
30 mm B ! Al .l d C C C C
— Ty GRATE DETAILS I ;
E'&__ 4/ _mm i ——
—|> ~(fyp.) WA v N
S yb ) AL A— ——Al N
O o< g <
<}
S| 1 K L76 x 25 x 6.4 mm/ ° LI02 x 25 x 6.4 mm
y= N E : FRAME AND GRATE DETAILS
NE dia. hole
Slo
2D
)
IS M2 x 100 mm
Eg headed anchor
QN
9-0\
o
c% 5 w o g
Sy 176 (typ.)
IS x 25 x 6.4 Plate
5 & A 45 x 6.4 mm
SN L76 x 64 x 6.4 mm L76 x 64
o x 6.4 mm FRAME ANCHOR DETAIL
‘GE
NE
) g v
— o} g
Plate
) U.S. DEPARTMENT OF TRANSPORTATION
IS o ° /3 mm 70 x 6.4 mm FEDERAL HIGHWAY ADMINISTRATION
o) o) dia. hole ' / 70 x 6.4 mm FEDERAL LANDS HIGHWAY
Plate METRIC STANDARD
64 Spacing for Mi2 x 100 mm_headed 64 T 90 x 12.7 mm
! anchors 2 spaces at 226= 652 mm METAL FRAME AND GRATE
780 TYPE B
FRAME DETAIL FRAME CORNER DETAIL GRATE CORNER DETAIL NO SCALE
STANDARD APPROVED FOR USE 3/1996 STANDARD
REVISED: 8/1997 M604_3
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SHEET
STATE PROJECT R

—_—

Hinge line of foresiope__

————————————————— ons EI NOTE:
———————————————————— . own on plan 3 = . . .
Post spacing 95 sh Q:S:i o I. Dimensions not labeled are in millimeters.
Sl= L =
O

Bridge Parapet [ curb Do s 2. CONCRETE: Chamfer exposed edges 20 mm
Lo v \‘ < . unless otherwise shown. Give all concrete
- surfaces a Class | finish.

3. The minimum concrete cover to the face
of any bar is 50 mm unless otherwise shown.

— 4. See Standard M604-2 for Type A Frame and

Position catch basin at this _
location if bridge slab is used. g/;fj;fe G;nd d ng;fiard W604-3 for Type B

Position catch basin at this

location, except as noted. 5. Make all coupling band connections watertight

by placing 5 mm bead of approved caulking
under each half of the bands before tightening.
PLAN gnening

6. Fabricate tapered portion of slip-joint from

either flat or corrugated sheets.
CATCH BASIN LAYOUT AT BRIDGE ENDS

7. Place Class 2 riprap conforming to Section 25/

for protective apron.

A
TABLE OF QUANTITIES | Hinge line of foreslope |
FRAME AND GRATE Post spacing as shown on plans 750
DESCRIPTION TYPE A TYPE B .L i /1200 _mm _minimum ,300’ mm
Reinforcing Steel 32 kg 32 kg ! Curb oo 300 (min.)
Structural Steel 98 kg 108 kg X S \ Lo
Concrete 0.6 m3 0.6 m3 N L J%
= — — a
Beam guardra/‘// End curb _
Taper curb from 3(00, n;m
Wood or steel 2 normal height to zero. min.
/posr and block out S
Align curb with { \
face of gquardrail \ 300 mm
— (min.)
Asphalt or 100 !_ 950 J -
concrete pavemenf) 200 | I
RRZZZR) % 1 !
Lso om0l
3 ES CATCH BASIN LAYOUT
] B Outlet pipe PLAN
S 4 e Section 602
A 110 T PROTECTIVE APRON
o Ty i
[\ N e T ) , -
Ny ST .
All reinforcing *13 2) Variable
at 300 mmz+. Bend

300 for 200 mm

to clear pipe.
o clear pipe down drains

1200

2um
375 for 300 mm (o
; e ; U.S. DEPARTMENT OF TRANSPORTATION
down drains - COUD//ng FEDERAL HIGHWAY ADMINISTRATION
525 for 450 mm band FEDERAL LANDS HIGHWAY
down drains o METRIC STANDARD
LO)|
B
CATCH BASIN TYPE 2
SECTION A-A
Profective WITH DOWN DRAIN
Gpron NO SCALE STANDARD APPROVED FOR USE 3/1996 STANDARD
REVISED: 871997 M604 _4
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STATE PROJECT NUMBER
M20 x 120 x 200 mm anchor f 920 |
bolt (4 required with nuts
and washers) 50 620 50
NOTE:
|—>- A I. Dimensions not labeled are in millimeters.
2. All reinforcing bars are *16 placed a minimum
———— e ————— - 40 mm clear from face of concrete,In floors,
o o] — place bars on 150 mm centers each way.In walls,
7} | | place horizontal bars in /150 mm centers and
8 | | vertical bars on 300 mm centers.
ol = B | | B
® 0 0 3. See Standard M604-6 for frame and grate
: : details.
3 3 | | ,S%
o N | | @
| |
100 50 T *
|
| |
vy | |
— l_o —— o_l o D Diameter
__________ pipe culvert
|_>. A
640
I 1
Grate frame
DETAIL A PLAN
Guardrail where required \
0 1O T
| [ e — || |
: 1 b :
. ° 8 . 50 620 50
- ] ; D
: : (@) 4
. ! NN
Z Z S g2
' ' (SIESE
. - . E LQ ~ Zel
} :
SECTION A-A ) .
End section
where scheduled ISOMETRIC VIEW
U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
FEDERAL LANDS HIGHWAY
METRIC STANDARD
Elbow where required
INLET, TYPE 5A
SECTION B-B
NO SCALE STANDARD APPROVED FOR USE 3/1996 STANDARD
REVISED: 5/1997 M604_5
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See Detail B

710

570

70

\/—See Detail A

120
3
<) )

/\C& Detail C
) o)~

50

555

7 at 65 mm 50

= 455 mm

SHEET

STATE NUMBER

PROJECT

NOTE:

I

Dimensions not labeled are in millimeters.

2. Hot dip galvanize all metal parts for frame
and grate after fabrication.
3 Fabricate frame and grate from
structural steel.
4. Furnish M20 x 120 x 200 mm anchor
bolts with nuts to attach frame to inlet.
5. Cut holes in 89 x 12.7 mm bar as required
to place 16 mm diameter rods.
6. Spot weld 16 mm diameter rods for
frame and grate to 89 x 12.70 mm bars.
7. Furnish hardware in the metric sizes shown.
Equivalent imperial sizes may be used when
metric sizes are not available.
NS
16 mm dia. \
N
SECTION A-A

T T

]
_

A

~0L
DETAIL D

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
FEDERAL LANDS HIGHWAY

- o
— / — (&}
12.70 44 12.70
T T — — s s e s
£ S e
1 o | | LA TS 16 mm dia. x 555 mm
| \\a S ] 16 mm dia. x 70 mm ] § T T 1 rod (7 required)
o rod (14 required) Resistance weld or
N _@ © " \\ S “ I electro forge
N 8 IS - — N %) IS s B e s s B s b s B s s B
= I & 1 1 © % s minnissicsisnissisEiEEiEE
. . 9 o
S —] —] - I e e s e s s y 89 x 12.70 x 840 mm
S © z ///_ bar (10 required)
35 e
L See Detail D
DETAIL B | - J ::::::::é:r
- - ) X
o P -
Q O ol — L
\\\\—— 89 x 12.70 x 555 mm
| 640 | bar (2 required)
GRATE
[N
1
GRATE FRAME 89 x 12.70 mm bar
89 X 12.70 x 875 mm L 102 x 76 x 12.70 x 710 mm 89 x 12.70 x 875 mm bar
bar (4 required) (2 required) ll>
14
/ - N
Ve L
(OBLIQUE) — (OBLIQUE) NO SCALE

METRIC STANDARD

FRAME AND GRATE TYPE 5A

STANDARD APPROVED FOR USE 3/1996 STANDARD

REVISED:

M604-6




SHEET

STATE NUMBER

PROJECT

NOTE:

/. Dimensions not labeled are in millimeters.

2. Construct inlets parallel to the roadway

@ 86 centerline and grade. For pipes on skew,
150 750 150 64 22.05 adapt inlets as directed by the CO.

704 See Detail A 90 3 3. For frames and gratings minor variations
< “ZA han® Q e in design and dimensions are permitted to
© — E . o| & __ 19.05 allow manufacturers standards.

o SN \Q\ J KI N |
dq o o b v AV
- ST e . \._/ TW '(*\13
A A R Y —1
< 1
q b [$3) O
™M ] 0

724
]
]
]
]
]
]
]
]

750
279
7
1
ol I
28
@ (S}

17 NOV 2000
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§ ] 4/—0
e e el A 6
_ © S aag 19.05 |~
. - > S o} s a 7 ‘gg
2 t 50 mm
(typ.)
PLAN m<—, SECTION B-B DETAIL A
4 s 200 768
a2 mm ha) g‘g
4 (typ.)| 38 & Y| IS
~ Typical 40 mm—={ |=— T~ D%
S q s > VAN \| o
1S *I6 bars- on o g - - - -
& 300 mm centers 11 E 2 ~ R ! fa o] o
&Q *16 bars- on 4 50 mm 4 75 125 64 ' : vl ¥
N 150 mm centers s (typ.) - ~— &
+ X ' 100 730 100
a Shape to dra/r7 N . | I
S - - LQ__QA_L!__ML Gray Iron Castings, AASHTO M 105
2 A.lA'- a l oA 'AllA'- A'l
METAL FRAMES AND GRATINGS
SECTION A-A TYPE 6B

TYPE 6B INLET

U.S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION
FEDERAL LANDS HIGHWAY

METRIC STANDARD

INLET, TYPE 6B

NO SCALE

STANDARD APPROVED FOR USE 3/1996 STANDARD

M604-T7

REVISED: 571997
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STATE PROJECT SHEET

NUMBER
B
’(P\ NOTE.'
@ /. Dimensions not labeled are in millimeters.
| 1200 ¥ 1600 ¥ 2. TA= single gutter when inlet is on a grade.
| . . o 3. 7B= double gutter when inlet is in a sag
between two grades.
350 . 900 350 4. Ditch to be warped to tie smoothly
i : : i into inlet gutter.
T R NZ N ‘e dimensi
2 [ 1 ) 5. Outside dimensions of grate to be /000 x 890 mm
ﬂ I 1 )
A : : } A 6. Maximum depth (H) is 3800 mm.
S s ' ' § 7. All reinforcing bars are *I6 placed a minimum
| S S =: :=, el & 40 mm clear from face of concrete. In floors,
© | | 8 place bars on 150 mm centers each way. In walls,
= = My place horizontal bars on /50 mm centers and
. - vertical bars on 300 mm centers.
o)
9 \ 8 8. Galvanize grate after fabrication in
i A N A 7S N I U N A accordance with AASHTO M lll.
9. Alternate methods of anchoring angle iron
'\—/O will be acceptable if approved by the CO.
A APPROXIMATE QUANTITIES
B .<J Pipe Size 300 375 450 600 750 900
7B~ double qutter Min. depth H 600 690 775 940 1100 1270
m3 conc. Inlet 0.724 | 0.799 | 0.874 | 1.024 1.174 1.323
Cover —
See Detail A _\ 3-ug gitch_ Jing- Increment per 300 mm of additional
spacedxo;750405 Tnn/; nal ¢i==-- depth, (H)= 0.264 Cubic meters.
>‘\ centers Slope on apron Cubic meters concrete for qutter
N Toooopo varies with difch 7A= 0.528 & B- 0.864.
i\ =l slope, 1:2 (max.)
Normal ditch grade K ~75 mm§ E—\ 90— ’ gf Cubic meters concrete for cover=
loose rock SN keyway -2 o S o 65 0.323 (not included above).
_/‘ §D§ ~$ F TN
42.2 mm 0D . O S —90 Reinforcing steel for cover= 28.5 kg.
iron pipe o T
‘}3 ) . Open areas at end
T s Z Z of pipes fo be 48.3 mm OD double-extra
Concrete ‘ — . =% sealed by welding strong steel pipe* at 9.56
. . . - : : : (126; . 0604 /7)7(m)9.5 mm kg/m (ASTM A 53)
200 900 200 S \
T 2 T
‘7‘ Weld
SECTION A-A SECTION 5-8 ] A ———
/2
M2 x 100 mm stud / L 5/ x 5/ x 9.5 mm i ) )
shear connector (2 at 890 mm required) 50.8 mm dia. solid steel
6 holes to be drilled bar at 15.89 kg/m may
e ¢ ¢ . <o 6 mm_holes fo be drille be substituted.
Diteh ond Ditch and Diteh in /L7 51 x ?/ X 9.5.mm at
Ditch Inlet Inlet Inlet it inlet each end of each pipe
~ _ ~ ~ _ ) ~ - DETAIL A
/’/,/7 \ / So—_ = \ //% U.S. DEPARTMENT OF TRANSPORTATION
\|// = FEDERAL HIGHWAY ADMINISTRATION
| | | [ FEDERAL LANDS HIGHWAY
METRI TANDAR
ONE STEEP SLOPE BOTH SLOPES STEEFP BOTH SIDES FLAT ONE INTERWEDIATE. SLOPE e Ta D
ONE FLAT SLOPE INLET, TYPE 7A AND 7B FOR
USE WITH 300 TO 900 PIPES
TYPICAL GUTTER PLACEMENT NO SCALE
STANDARD APPROVED FOR USE 3/1996 STANDARD
REVISED: 8/1997 M604'8




17 NOV 2000

f:\standraw\metric\mst60409.dgn

Frame and cover

Pavement
] /— Collar (Precast)
*16 Bar = — ’ 4 S
} (600 mm dia.) & ° ° 0
2 A
o olE
K ©
A < o &
Pipe a 2 SE
A Culvert o
Concrete —| | 4 S
\A ~ -
AA A . AA 8
150 525 150
T T
825
SECTION A-A
Pavement

______________

Frame (Cover not shown)
Collar

150

525

150

825

PLAN

SHEET

STATE NUMBER

PROJECT

NOTE:

I

Dimensions not labeled are in millimeters.

2. Frame and cover dimensions may vary
slightly to allow manufacturer’s standards.
3. MASS: (Approximate, cast iron)
Frame- 39 + 2 kg
Cover- 38 + 2 kg
4. All reinforcing bars are *|6 placed a minimum
40 mm clear from face of concrete. In floors,
place bars on 150 mm centers each way. In walls,
710 place horizontal bars on 150 mm centers and
vertical bars on 300 mm centers.
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Steel wire rope

3.97 mm flat steel
washer welded
to rebar

M20 x 1.8 m steel
reinforcement bar

Std. cable
clamp (See

E] Detail A) E]
i i
| H

Twist eye of rod
to drive pipe stake
vertically into ground

See U-bolt
Detail

19.05 mm round iron

band (galvanized) 4.08 kg/m

ALTERNATE 2

R 20
mm (typ.)

14 mm dia. 2.7 mm plate

(2 holes)
U-BOLT DETAIL

i|,~— 48.26 mm 0.D galvanized
! pipe stakes placed each side
i of pipe (flatten or point)
\/ minimum weight of stake

i

Plate -
spacer 2
SECTION B-B

Plug end with Spillway assembly Section 606
welded 4.76 mm A

steel plate 300 mm slotted Modified
_\dmm PIPE =\ coupling band <,

Pipe elbow to fit
field conditions

B Bearin
9 b0r—  pgre Sl Curb
.(;50,| spacer ; I J face line\ _— Asphalt
yD. S Z : concrete
< SR I S SR N C‘Urb

" ; L. 6m
35 ] Subgrade [
B spacers (typ.) shoulder //’ne—\
GRATE SLOT
Pipe anchor
assembly (typ.)
45
Plate _hl

spacer

j 150 |

2
SECTION C-C

Bearing

Dar]
|

150

(typ.)

c

C
ANGLE SLOT

SLOTTED DRAIN ASSEMBLY

Pavement structure.
(See Typical Section sheet)

l/Gf/'ab /o o

“ o~

VRTRY 7 V|

f - = 1
(typ )KP/afe spacers \/ <
| 3 l735< " (typ.) e

, 300,

Plate
spacer

N
v/,
30°

1200 mm minimum

Protective apron

See Installation
Detail — aggregate base or
as shown on Typical
Section sheet

Subgrade shoulder

Fill slope as staked
Subgrade % % LY P /1200 mm minimum __
> ‘o /f/e/@ 150 mm 1800 mm (min.) on " |
<, i ), Y . °
b0, 21 ors K (min.) cover grades 0% or steeper
Doye%,w face of rail N L. ) ¢ Pipe elbow to fit
See Pipe c;/;chor ﬁ'@m field conditions
assem S
Installation j—/OO Y . " _—300 mm end
Stors, Detail - | . section
9sse, -7 sy ] V1021 [ - | -2 ) 20| @-gp'|
o I L ‘ol alola@ada3S
) & e le e Die e e RX
T B LB A A S A

INSTALLATION DETAIL

TYPICAL PLACEMENT
AT GUARDRAIL

Geotextile Type IV
Protective apron

SECTION A-A

NO SCALE

SHEET

STATE NUMBER

PROJECT

NOTE:

I. Dimensions not labeled are millimeters.

2. Fabricate slotted drain pipe, down drain pipe
culvert, elbows, end section, and coupling
bands from sheets .62 mm thickness.

W

Grate slot assembly and plate end plug
conform to AASHTO M 183.

4. Galvanize grate slot assembly, plate end
plug, and all hardware according to
AASHTO M 111.

5. Approved alternate pipe anchor assemblies
may be used.

6. Place Class 2 riprap conforming to Section
25/ for protective apron.

7. Place pipe anchor assemblies approximately
6 meter intervals along down drain pipe culvert.

8. For installations at sag vertical curves, use
a tee connection instead of an elbow and
a minimum of two 6 meter slotted drain
pipe sections.

9. Make all band connections watertight by
placing gaskets or O-rings under the bands
before tightening.

10. Use either the grate slot or the angle slot
slotted drain assembly.

Il.  Provide hardware in the metric sizes shown.
Equivalent imperial sizes may be used when
metric sizes are not available.

Standard 6.4 mm 20,Mf5f6'9/ f
cable clamp reinforcemen

bar

6.4 mm steel

wire rope :
Q@Q

Round or
square washer

20 mm

\\\\‘
\ (min.) inside

50 mm (min.)
outside

DETAIL A
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