NORFOLK SOUTHERN CORPORATI ON
GUI DELI NES FOR UNDER TRACK CULVERTS

Al'l culvert structures shall be designed for E-80 Live
Load and based on a 100 year storm event unless
otherwi se approved by the Chief Engineer Bridges and
Structures.

A, Maxi num headwater build up (for Q 100) for
inlet control conditions shall be limted to
an HWD= 1.5 provided the roadbed fill is of
sufficient height to maintain the high water
el evation below the toe of ballast and the
fill material is capable of resisting water
infiltration for short durations. Wth the
approval of the Engineer Structures, the HWND
limt may be adjusted for special field
condi ti ons.

Culverts shall be sized based on the actual drainage
basin. The m nimum cul vert size shall be 36 inches in
di ameter unless otherwi se approved by the Engineer
Structures. The "Rational Method" shall be used for
drai nage areas |ess than 500 Acres. For drainage areas
greater than 500 Acres, one of the follow ng nethods
should be considered and nmay provide nore realistic
runoff estimates provided data is avail abl e.

A Soil Conservation Service (Unit Hydrograph
Theory Met hod) SCS

B. Fl ood Frequency Regression Theory
C. Seven Paraneter Estimating Equation

Corrugated netal with various coatings, corrugations,
shape, and manufacturing processes, snooth wall steel
pi pes and concrete, both pre-cast and cast-in-place can
be considered. Plastic coated pipe requires special
care to avoid danmage during handling and installation.

A Corrugated netal, galvanized and asphalt
coated circular pipes wll be our basic
design with variations permtted with the
approval of the Engineer Structures.



1. Al um ni zed Type 2 uncoated or Bitum nous
coated gal vanized steel pipe - my be
used for a PH range of 5-8. Suggested
uses are runoff from non industrial
rural areas.

2. Fi ber Bonded Bitum nous coated pipe or
Plastic coated pipe - may be used where
soil and water conditions warrant such
as M dwest farm fields (high
concentrations of fertilizer runoff),
coal fields (acidic runoff), salt water
marsh areas, and in areas where high
soil concentrations of heavy netals are
present .

3. Pipe Arch - may be considered for
speci al cases where physical constraints
and openi ng requirenments warrant.

Snmooth Wall Casing pipe will be our basic
design for culverts where jack and bore
method is required due to traffic condition

or fill height greater than 10 feet. Liner
Plate installed by Tunneling nethod nmay be
required when dianeter, |ength, presence of

rock or other unusual site conditions exist.
Reconmmended wal |l thickness requirements and
Li ner Pl ate gage tables are attached.

Concrete pipe culverts or pre-cast concrete
cul verts may not be used under conpany owned
tracks due to the potential for differential
settlenent and joint separation, except wth
the approval of the Chief Engineer Bridges
and Structures. Concrete pipe culverts or
pre-cast concrete culverts may be used under
i ndustry tracks where "NS' has no nmai nt enance
responsi bilities.

Cast-in-place concrete structures may be used
wher e appropri ate.

Structural Plate pipes and pipe arches are to
be used where size and conditions dictate
(generally considered culverts greater than
72 inch dianmeter). The coating to be either
bi tum nous coated or fiber bonded depending
on soil and runoff water condition (PH
range) .

Tunnel Liner shall be used when the culvert
di aneter exceeds pipe sizes econonmcally
installed by the jack and bore nethod



(culverts generally larger than 60 inch
dianmeter). Al tunnel liner pipe shall be
bi tum nous coated and have paved inverts.
Gouting of voids between the pipe and
adj acent soil at regular intervals, not to
exceed once daily, is required.

Paved inverts shall be used in corrugated netal pipes
where water velocities are nmedium to high (above 10
f.p.s.) or the possibility of excessive wear from sand
and gravel is likely.

A Corrugat ed net al cul verts shal | have
bi tum nous or asphalt paved inverts where
needed due to high water velocities or the
possibility of excessive wear from sand and
gravel is likely.

B. Concrete or Asphalt paved inverts shall be
used in structural plate, tunnel liner and
pipe arches that are field assenbled. |If
concrete is used, a mnimum concrete

conpressive strength shall be 3000 p.s.i.
after 28 days. The bottom 25% of culvert
peri phery shall be covered with concrete (or
asphalt) to a depth of 1 inch above the crest
of the corrugations for circular pipes and
40% of the periphery for pipe arches. The
concrete pavenent shall be reinforced with 6
X 6 (W.9 x W.9) welded wire fabric. This
wire shall be attached to the pipe by either
directly welding to the pipe or by mechani cal
attachnent to the bolts

Pref ormed bitum nous coated end sections may be used in
place of headwalls when erosion at the inlet is
expected. Mninmum end section gage shall be 12 gage
Headwal | s and/or End Sections should be considered on
both ends of all culverts greater than or equal to 60
i nch di aneter



SMOOTH WALL CASI NG Pl PE
RECOMVENDED WALL THI CKNESS TABLE
(REVI SED 1/ 17/ 91)

Nonmi nal Si ze Recommended Wall Thi ckness
(I nches) (I nches)
24 0. 500
30 0. 500
36 0. 500
42 0.625
48 0.625
54 0. 750
60 0. 875
66 0. 875
72 1. 000

M NI MUM LI NER PLATE GAGE TABLE
(REVI SED 7/ 10/ 91)

Di anet er 2 Fl ange 4 Fl ange
(Feet) Gage Cover Gage Cover
Q' e e e e e e e e 12 ----- 4'TO 50" -------- 12 ------ 4' TO 50
B e e e 12 ----- 4'TO 50" ------ 12 ------ 4' TO 50
B — e mmeeee s 12 ----- 4'TO 50 ------- 10 ------ 4' TO 50
y AR 12 ---- 6'TO50" -------- 10 ------ 4' TO 50
10 4' TO 50'
s R 10 ---- 4" TO 50" -------- 8 ------ 6' TO 50
o JR R 10 ---- 4" TO 50" -------- 8 ------ 8' TO 50
10" < - 8 ---- 4 TO32 ------- T 8' TO 40'
7 34' TO 50'

Note: The above Mninmum Liner Plate Gage Table was
devel oped using 1989 AREMA Specifications Chapter 1, Part 4.
The following factors of safety were used: Joint Strength =
3.0;, Mnimum Stiffness = ("3.0" for 2-Flange and "1.5" for 4-
Flange); and Critical buckling = 2.0. The effects of high
corrosive environments nmay be conpensated for by adding one (1)
gage to the above Liner Plate Gage Tabl e val ues.



SPECI FI CATI ON FOR | NSTALLATI ON OF UNDER TRACK CULVERTS

BY OPEN CUT METHOD

SCOPE

This specification covers the procedure for the
installation of under track culverts by the "Open Cut
Met hod". This nmethod is limted to fills less than or
equal to 10 feet as neasured fromthe pipe flowine to
the base of rail. For fills greater than 10 feet, the
prior approval of the Chief Engineer Line Mintenance
IS required.

GENERAL

Except as otherw se specified hereafter, the current
A RE A Chapter 1, part 4 and 5 apply to all work
under this section. Mninum pipe size shall be 36
inches in dianeter; gage and size sel ected by Engi neer.
Any size less than 36 inches or greater than 72 inches
nmust be approved by Engi neer.

EXCAVATI ON

In soil conditions other than sandy soils, the bottom
of the proposed trench shall be excavated to a m ninmm
of 6 inches below the proposed flowine elevation and
the width of the trench shall be equal to 1 pipe
di aneter plus 24 inches (or as necessary to allow for
conpaction by nmechanical tanpers). |In soft soi
conditions the bottom of trench shall be excavated a
mnimum of 12 inches below the proposed flowine
el evation, the poor foundation material renoved and
filled with approved base material. |If rock is
encountered during excavation a m ninmum of 12 inches of
base material shall be required under the pipe. Shoring
is required for excavations deeper than 5 feet or sides
sl opes shall be cut back a sufficient anount to prevent
slides. Were there is any doubt about the safety of
the excavation, the Chief Engineer Line Mintenance
shal | be contacted before excavati on begins.

Pl PE BEDDI NG

"Crushed Stone Base" material shall extend the full
length and width of the trench as foll ows:



A uni form bl anket of "Crushed Stone Base" materia
ei ther clean sand or crusher run stone neeting the
foll owi ng gradati on:

Si eve % Passi ng
2 inch 100%
1 inch 95-100%
3/4 inch 30- 70%
3/ 8 inch 10- 30%
No. 4 0- 5%

Pi pe bedding shall be conpacted to 90-95 % maxi mum
density obtained at optinum noisture content as
determ ned by ASTM D- 689.

When vi bratory equipnent is used in conjunction wth
ot her nmethods of conpaction, the conpacted depth of a
single layer shall not exceed six (6) inches (6-9
i nches | oose). Wien no vibratory equipnent is used,
t he maxi mum conpacted thickness of one |ayer shall
not exceed 3 inches (3-6 inches |oose). Each |ayer
shall be thoroughly conpacted by not |ess than six
passes of conpacting equi pnent suitable to the type
of fill material wused on the approval of the
Engi neer. Additional passes shall be made when the
Engi neer determ nes conpaction is inadequate.

Pi pe backfill material shall be crusher run stone
unless otherwise directed by the Engineer. Fil

material under haunches and around the structure
shall be placed alternately in 6 inch conpacted
| ayers (6-9 inches |oose) on both sides of the pipe
to permt thorough tanping. Fill shall be placed on
alternate sides to keep it at the same elevation on
both sides of the structure at all times (Plan No.
5-28 shows how the pipe structures should be

backfilled). Complete the fill over the pipe using
crusher run stone essentially the sane as placed
around pipe. Distribute and conpact the fill evenly

in 12 inch layers up to the original subgrade
el evati on.

Canbering the center part of the foundation wll
conpensate for unequal settlenent under the weight
of heavy fills. GCenerally -enough canber can be
obtained by installing the upstream half of the pipe
on a flat grade, and then use a steeper grade on the
downstream hal f. |If canber is considered necessary it
shoul d be not less than 1/2 of 1% of the total |ength



VI .

of the structure. The anpbunt of camber shall be
determ ned by the Engi neer.

Pl PE STRUTTI NG

Corrugated netal pipes 48 inch and larger shall be shop
strutted to produce 5% vertical elongation. Struts shall
be horizontal when pipe is placed.

SPACI NG FOR MULTIPLE LINES OF PI PE

Pl PE DI AMETER M Nl MUM CLEAR DI STANCE "C'
UP TO 72" DI AMETER 1/2 DI AVETER
ABOVE 72" DI AMETER 36 | NCHES

FILLING O.D CULVERT

The existing culvert shall be conpletely filled with a
sand and cenment grout m xture consisting of 4 parts sand
to 1 part cenment and enough clean water to facilitate
punpi ng. Gouting of the existing culvert to be
acconpl i shed after the new culvert is placed in service.

SPECI FI CATI ONS FOR | NSTALLATI ON OF UNDER TRACK CULVERTS

BY THE JACK AND BORE METHOD



SCOPE

Thi s specification covers the procedure for installation
of undertrack culverts by the "Jack and Bore " Met hod.

GENERAL

Except as otherwise specified hereafter the current
AR E A Chapter 1, part 4 and 5 apply to all work under
this section. Mnimum pipe size shall be 36 inches in
di aneter. The pipe size and gage shall be selected by
t he Engi neer. The use of any size less than 36 inches or
greater than 72 inches nust be approved by the Engi neer.

APPROVED CULVERT TYPES

Cul vert installed by the Jack and Bore nethod shall be
limted to either Corrugated Steel Pipe or Snooth Steel
Pi pe. Reinforced concrete pipe will not be allowed to be
installed under main line track.

Pl PE CONNECTI ONS

Corrugated netal pipes shall be connected with 24 inch
wi de bands. Connecting bands may be one gage lighter
than culvert material. Snmooth steel casing pipe shall be
connected by welding using a full depth, single "V
groove butt weld.

| NSTALLATI ON
The Contractor shall inspect the site where the cul vert
is to be installed and famliarize hinself with the
conditions under which the work will be perforned and

with all necessary details as to the orderly prosecution
of the work. The omssion of any details for the
satisfactory installation of the work in its entirety,
which may not appear herein, shall not relieve the
Contractor of full responsibility.

Construction shall be carried on in such a manner that
settlenment of the ground surface above the pipe line
shall be held to an absolute mnimum The installation
of the pipe line shall follow the heading or boring
excavation as soon as possible. Excavation shall be
carried on in such a manner that voids behind the pipe
will be held to a mninum The Contractor shall pressure
grout voids using an approved hydraulic punping device,
with grout mx in the proportions of one part Type |



VI .

cenment to three parts sand and sufficient water to
produce a free flow ng grout.

If, in the opinion of the Engineer, the installation of
the pipe is being conducted in an unsafe manner, the
Contractor will be required to stop work and bul khead t he

headi ng until suitable agreenents are reached between the
Contractor and the Conpany. The Conpany wll not be
responsi ble and shall be saved harmess in the event of
delays to the Contractor's work resulting from any cause
what soever

FILLING O.D CULVERT

The existing culvert shall be conmpletely filled with a
sand and cenment grout m xture consisting of 4 parts sand
to 1 part cenment and enough clean water to facilitate
punpi ng. Gouting of the existing culvert to be
acconpl i shed after the new culvert is placed in service.

SPECI FI CATI ONS FOR | NSTALLATI ON OF UNDER TRACK CULVERTS

BY THE TUNNELI NG METHOD

SCOPE



This specification covers the procedure for installation
of undertrack culverts by the "Tunneling" nethod.

GENERAL

Except as otherwise specified hereafter the current
A RE A Chapter 1, part 4 and 5 apply to all work under
this section. Mnimum pipe size shall be 48 inches in
di aneter. The pipe size and gage shall be selected by the
Engi neer.

APPROVED CULVERT TYPES

Cul verts installed by the Tunneling nethod shall be
limted to tunnel liner plate pipe. Reinforced concrete
pipe will not be allowed to be installed under main |ine

track or Conpany nmuaintai ned tracks.

| NSTALLATI ON

The Contractor shall inspect where the tunnel is to be
installed and famliarize hinself wth the conditions
under which the work wll be performed and with al

necessary details as to the orderly prosecution of the
work. The om ssion of any details for the satisfactory
installation of the work in its entirety, which may not
appear herein, shall not relieve the Contractor of full
responsibility.

The tunnel shall be constructed by tunneling nethods and
conpletely lined on the inside with structural steel |iner
pl ates neeting all requirenments herein specified.

The tunneling operation nmay comrence from either end of
the conduit. Construction of the tunnel shall be done in
such a manner that settlenent of the ground surface above
the tunnel shall be held to an absolute mninmnum Wen
ground conditions are unstable, poling plates or breast
boards shall be used to prevent caving of material above
the tunnel before the liner plates can be install ed.

The periphery of the tunnel shall be trimed snooth to fit
the outside of the liner plate as nearly as is practical.
Excavated material may be di sposed of on Conpany ri ght-of -
way subject to the direction and approval of the Engineer.

The liner plates shall be installed imediately after the
excavated nmaterial has been renoved, and the naterial
shall not be renoved nore than 24" ahead of the installed
[iner plates.

10



Coated plates shall be handled in such a manner as to
prevent bruising, scaling, or breaking of the coating. Any
pl ates that are damaged during handling or placing, shal
be replaced by the Contractor at his expense, except that
small areas with mnor damage may be repaired by the
Contractor as directed by the Engineer.

Liner plates shall be assenbled in accordance with the
manuf acturer's instructions.

The void between the steel l|liner plates and the tunnel
excavation shall be pressure grouted using an approved
hydraulic punping device, wth grout mxed in the
proportions of one part Type | cenent to three parts sand
and sufficient water to produce a free flow ng grout.

| nject pressure grout in lower holes first, noving up as
the back space is filled. Threaded plugs should be
installed in holes after filling at each one.

Concrete or asphalt paved inverts shall be used in all
tunnel liner pipe pipes. If concrete is used, a mninmm
concrete conpressive strength shall be 3000 p.s.i. after
28 days. The bottom 25% of culvert periphery shall be
covered with concrete (or asphalt) to a depth of 1 inch
above the crest of the corrugations for circular pipes and
40% of the periphery for pipe arches. The concrete
pavenent shall be reinforced with 6 x 6 (W2.9 x W.9)
welded wire fabric. This wire shall be attached to the
pipe by either directly welding to the pipe or by
nmechani cal attachnment to the bolts.

The Contractor shall provide all necessary bracing,
bul kheads, and/or shields to insure conplete safety to al
traffic at all tinmes during the progress of the work; and
he shall perform the work in such a manner as to not
interfere with normal traffic over the work.

The Contractor shall construct tenporary di kes or sheeting
to divert or punp water through the culvert to allow
construction "in the dry." Channel work necessary to
direct the streamto and fromthe inlet and di scharge ends
of the conpleted culvert is considered part of the
proj ect .

Al'l working operations of the Contractor, subcontractor
and/or their agents or enployees nust be subordinate to
the free and unprotected use of the right-of-way for the

passage of traffic wthout delay or danger to life,
equi pnent, or property. The Contractor shall conduct his
operations in such a manner that all work wll be

performed bel ow road | evel and w thout obstructions on the
r oadbed.

11



If in the opinion of the Engineer, the installation of the

tunnel is being conducted in an wunsafe manner, the
Contractor will be required to stop work and bul khead t he
heading until suitable agreement is reached between the
Contractor and the Engineer. The Conpany wll not be

responsi ble and shall be saved harmess in the event of
delays to the Contractor's work resulting from any cause
what soever. The Contractor nust be fully equipped and
experienced in the installation of large dianeter
structures by tunneling nethods.

Bl asting will not be pernmtted.

V. FILLING O.D CULVERT

The existing culvert shall be conmpletely filled with a
sand and cenent grout mxture consisting of 4 parts sand
to 1 part cenment and enough clean water to facilitate
punpi ng. Gouting of the existing culvert to be
acconpl i shed after the new culvert is placed in service.

CSP 1 OF 1
SECTION 4. 01 (REVI SED 1/17/91)

CORRUGATED STEEL PI PE
(Bi tum nous Coated (al vani zed Steel)

SCOPE

12



This work shall consist of installation of galvanized
corrugated steel pipe, de-watering, etc., required for the
conpletion of the project in accordance with the draw ngs,
as specified herein, and/or as directed by the Engineer.
This specification shall be governed by AREMA chapter 1,
part 4, section 4.3.

MATERI AL
A Corrugated steel shal | be fabricated in
accordance with ASTM Specification A 760 and
AASHTO Designation M 36. Pipe shall be forned
from gal vani zed steel sheet conforming to ASTM A
525 and AASHTO Desi gnation M 218.
B. Corrugated steel pipe shall be annular riveted

(wth a profile of 2-2/3 x 1/2 inches unless
otherwise directed) or helically corrugated
wel ded seam |If helically corrugated wel ded seam
pipe is used, re-rolled ends (four corrugation)
will be required to mate wth 24 inch wde
annul ar corrugat ed bands.

C. Corrugated steel pipe shall be fully gal vani zed.

Corrugated steel pipe shall be fully bitum nous
shop coated inside and out according to AASHTO
Desi gnati on M 190- Type A

E. Any damage to the bitum nous coating wll be
repaired by patching before the surface is
backfill ed or grouted.

F. Bi tum nous paved inverts, where specified on the
pl an or specifications, shall conform to AASHTO
Desi gnati on M 190-Type C. They shall cover 25%
of the bottom of culvert periphery for circular
pi pes and 40% of the bottom culvert periphery
for pipe arches. Bitum nous paved inverts shall
be shop appli ed.

COUPLI NG BANDS FOR CORRUGATED STEEL PI PE

A Coupl i ng bands shall be one or two piece annul ar
corrugated, mnmde from gal vani zed steel and
fully bitum nous coated, with a m ni num w dt h of
24 inches. Bands nmay be one gage lighter than
the pipe gage. Bands shall be nmade of steel
sheets conformng to ASTM Specification A 525
and AASHTO Designation M 218. Dinple band
coupl ers shall not be used.

13



B. Coupl i ng bands shall be fastened using a m ni mum
of three 1/2 inch diameter galvanized bolts.
Culverts 48 inch dianeter and larger to use 24
inch wide bands with a mninmum of four 1/2 inch
di aneter rods and "silo" type | ugs.

ASP 1 OF 1
SECTI ON 4. 02 ( REVI SED 1/17/91)

ALUM NI ZED STEEL PI PE - TYPE 2

SCOPE

This work shall consist of installation of alum nized
corrugated steel pipe, de-watering, etc., required for
the conpletion of the project in accordance with the
drawi ngs, as specified herein, and/or as directed by

14



t he Engineer. This specification shall be governed by
AREMA Chapter 1, part 4, section 4.3.

. MATERI AL

A Alum ni zed steel pipe material shall be
formed from alum nized sheets conformng to
ASTM  Specification A 819 and  AASHTO
Designation M 274 and manufactured according
to AASHTO Designation M 36. No other coating
IS required.

B. Corrugated steel pi pe shall be annul ar

riveted (with a profile of 2-2/3 x 1/2 inch
unless otherwise directed) or  helically

corrugat ed wel ded seam | helically
corrugated welded seam pipe is used, re-
rolled ends (four corrugations) wll Dbe

required to mate with 24 inch w de annular
corrugat ed bands.

[11. COUPLI NG BANDS FOR ALUM NI ZED CORRUGATED STEEL PI PE

A Coupling bands shall be one or two piece
annul ar corrugated, mde from alum nized
steel, with a mninum wdth of 24 inches.
Bands may be one gage lighter than the pipe
gage. Bands shall be made of sheet s
conformng to ASTM Specification A 819 and
AASHTO Designation M 274. D npl e bands
coupl ers shall not be used.

B. Coupling bands shall be fastened using a
m ni mum of three 1/2 inch dianmeter gal vani zed
bolts. Culverts 48 inch dianmeter and |arger
to use 24 inch wde bands with a m ni num of
four 1/2 inch diameter rods and "silo" type
| ugs.

PCP 1 OF 1

SECTI ON 4. 03 (REVI SED 1/ 17/ 91)

CORRUGATED STEEL PI PE
(Protected Polymeric Gal vani zed Steel)

SCOPE

This work shall consist of installation of plastic
coated galvanized steel pi pe, de-wat eri ng, etc.
required for the conpletion of the project in
accordance with the drawings, as specified herein,
and/or as directed by the Engineer. This specification
shall be governed by AREMA Chapter 1, part 4, section
4.4,

15



1. MATERI AL

A

Protect ed pol ymeri c (plastic coat ed)
corrugated galvanized steel pi pe shal
conform to AASHTO Designation M 246 Type C
10/10 (this indicates 10 mls of PVC plastic
on the inside and 10 mls of PVC plastic on
the outside  of t he pi pe) and  ASTM
Specification A 742.

The pipe shall be fornmed from galvani zed
st eel sheet in conpliance wth ASTM
Specifications A 525 and AASHTO Desi gnati on M
218.

The pipe shall be manufactured in accordance
with AASHTO Designation M 245 and ASTM
Specification A 762. Corrugated plastic
coated steel shall be annular riveted (with a
profile of 2-2/3 x 1/2 inch unless otherw se
directed).

L1l COUPLI NG BANDS FOR PLASTI C COATED CORRUGATED STEEL PI PE

A

Coupling bands shall be one or two piece
annul ar corrugated, nmade from plastic coated
steel, with a mnimm width of 24 inches.
Bands may be one gage lighter than the pipe
gage. Bands shall be nmade of sheet s
conform ng to AASHTO Desi gnation M 246 Type C
10/10. Dinple bands couplers shall not be
used.

16



Coupling bands shall be fastened using a
m ni mum of three 1/2 inch di aneter gal vani zed
bolts. Culverts 48 inch dianmeter and |arger
to use 24 inch wide bands with a mni num of
four 1/2 inch dianmeter rods and "silo" type
| ugs.

17



ABP 1 OF 1

SECTI ON 4. 04 (REVI SED 1/17/91)

CORRUGATED STEEL PI PE
(Fi ber Bonded Gal vani zed Steel)

SCOPE

This work shall consist of installation of Fiber Bonded
gal vani zed corrugated steel pipe, de-watering, etc.,
required for the conpletion of the project in
accordance with the drawings, as specified herein,
and/or as directed by the Engineer. This specification
shal | be governed by AREMA Chapter 1, part 4, section
4. 3.

MATERI AL

A Fi ber Bonded gal vani zed corrugated steel pipe
shall be fabricated in accordance with ASTM
Specification A 760 and AASHTO Desi gnation M
36. Pipe shall be forned from plate steel
conformng to ASTM Specification A 525 and
gal vanized steel wth Aramd fiber mts
pressed into nolten zinc coating conformng
to ASTM Specification A 885.

B. Corrugated steel pi pe shall be annul ar
riveted (wth a profile of 2-2/3 x 1/2 inches
unless otherwse directed) or helically
corrugated wel ded seam | f helically
corrugated welded seam pipe is used, re-
rolled ends (four corrugation) wll be
required to mate with 24 inch w de annul ar
corrugat ed bands.

C. Corrugated steel pi pe shall be fully
gal vani zed.

D. Corrugated steel pi pe shall be fully
bi tum nous shop coated inside and out
according to AASHTO Desi gnation M 190- Type A

E. Any danmage to the bitum nous coating will be
repaired by patching before the surface is
backfilled or grouted.

F. Bi t um nous paved inverts, where specified on

the plan or specifications, shall conformto
AASHTO Designation M 190-Type C. They shall
cover 25% of the bottom of cul vert periphery
for circular pipes and 40% of the bottom

18



cul vert periphery for pipe arches. Bitum nous
paved inverts shall be shop applied.

COUPLI NG BANDS FOR CORRUGATED STEEL PI PE

A

Coupling bands shall be one or two piece
annul ar corrugated, fully bitum nous coated,
with a mnimum wdth of 24 inches. Bands may
be one gage lighter than the pipe gage. Bands
shall be nmade of steel sheets conformng to
ASTM Speci fication A 885. D nple band couplers
shal | not be used.

Coupling bands shall be fastened using a
m nimum of three 1/2 inch dianeter gal vanized
bolts. Culverts 48 inch diameter and larger to
use 24 inch wide bands with a m ni num of four
1/2 inch dianeter rods and "sil 0" type | ugs.

SP1OF1
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SECTION 5. 01

SMOOTH STEEL Pl PE
(Uncoat ed)
( REVI SED 1/17/91)

SCOPE

This work shall consist of installation of snooth steel
pi pe, de-watering, etc., required for the conpletion of
the project in accordance wth the draw ngs, as
specified herein, and/or as directed by the Engineer

This specification shall be governed by AREMA chapter
1, part 5, section 5.2.

MATERI AL

Steel pipe shall conform to ASTM Specifications A 139
Grade B (No Hydro). The mininmumyield strength of this
pi pe shall be 35,000 p.s.i.. The m nimumwal | thickness
is as follows:

Nom nal Si ze Recommended Wall Thi ckness
(I nches) (I nches)
24 0. 500
30 0. 500
36 0. 500
42 0.625
48 0.625
54 0. 750
60 0. 875
66 0. 875
72 1. 000

METHOD OF JO NI NG PI PES

Sections of pipe shall be field welded wth a full
depth, Single "V' groove (Butt joint) weld.

SPP 1 OF 1

SECTI ON 6. 01
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STRUCTURAL PLATE PI PE
(Bi tum nous Coated (al vani zed Steel)

SCOPE

This work shall consist of installation of structura

plate pipe, de-watering, etc., required for the
conpletion of +the project in accordance wth the
drawi ngs, as specified, and/or as directed by the
Engi neer. This specification shall be governed by AREMA
Chapter 1, part 4, section 4.6.

MATERI AL

Structural Plate Pipe mterial (available only in
gal vani zed steel) shall conform to ASTM Specifications
A 761 and AASHTO Designation M 167. The gal vani zed pi pe
shal | be bitum nous coated according to AASHTO
Desi gnati on M 190.

HARDWARE

Bolts and nuts shall be of the dianmeter and |length as
recommended by the manufacturer. Galvanized bolts and
nuts are required with gal vani zed plate and they shall
conform to ASTM Specification A 153 and AASHTO
Desi gnati on M 232.
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TUNNEL LI NER PLATE PI PE
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SCOPE

This work shall consist of excavation, de-watering,
furnishing, and placing galvanized cold-fornmed steel
tunnel liner plates to form a continuous steel support
system Al plates shall be bitum nous coated and

paved in accordance with the draw ngs, as specified
herein, and/or as directed by the Engineer. This
specification shall be governed by AREMA Chapter 1,
part 4, section 4.16.

MATERI AL

Liner plate shall be fabricated from structura

quality, hot rolled, new carbon-steel sheets or plates
conformng to ASTM Specification A 569. The maximm
width of liner plate shall be 18 inches. The plate
shall be hot-dip galvanized in accordance wth ASTM
Specification A 123 and AASHTO Designation M 167 but
shall not be applied at a rate | ess than two (2) ounces
of "Prinme Western" zinc per square foot total of both
si des.

M ni mrum uncoated thickness of the plate shall be shown
on the drawi ng, or as directed by the Engineer.

Al plates shall be punched for bolting on both
| ongi tudinal and circunferential seanms and shall be so
fabricated as to permt conplete erection from the
inside of the tunnel. Two inch dianmeter grout holes
will be provided by using standard pipe half couplings
wel ded into the center corrugation with threaded cast
iron plugs. Holes shall be provided in every third ring
of liner plate (a mnimmof three grout holes per ring
requi red unless otherwi se directed by the Engineer) to
permt grouting as the erection of tunnel liner plate
pr ogr esses.

Bolts and nuts shall be 5/8 inch dianmeter and | ength as
recommended by the manufacturer of the liner plate and
be manufactured donmestically. The bolts shall conform
to ASTM Specification A 449 for plate thicknesses
equal to or greater than 0.209 inches and A 307 for
pl ate thi cknesses | ess than 0.209 inches. Al nuts and
bolts shall be galvanized in accordance with ASTM
Specification A 153.

Bl TUM NOUS COATI NG

The plates shall be bitum nous coated and conform to
AASHTO Desi gnati on M 190.

PAVED | NVERTS
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Concrete or Asphalt paved inverts shall be used in all

tunnel liner plate structures. If concrete is used, a
m ni mum concrete conpressive strength shall be 3000
p.s.i. after 28 days. The bottom 25% of culvert

peri phery shall be covered with concrete (or asphalt)
to a depth of 1 inch above the crest of the flanges for
circular pipes and 40% of the periphery for arches. The
concrete pavenent shall be reinforced with 6 x 6 (W2.9
X W2.9) welded wire fabric. This wre shall be attached
to the pipe by either direct welding to the pipe or by
nmechani cal attachnment to the bolts.
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