CULVERT SLIPLINE DESIGN

John Owen Hurd, MS, PE




Replace or Slipline?




What Size Slipline Will Fit?




Slipline OD < Min ID Host Pipe - Clearance




Manufacturer’s Cut Sheet
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We holitee Profile Wall Polyethylene Pipe
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Gustom Siiffness’ are available on request

When the ‘specification’ is NONFS94, the pipe moats all of the requirsments of ASTM F&94 axcapt that the thickness of the walerway
wall iz less than that idenlified in the standard,

Weeholle may be s wilh Proflfie Cut ends, or Threaded ar
Standard Lengths are 16,5, 25'and 50" Tha maximum rangth for sizes 108" and 120° s
fiems shown Boid and falicised are part of the KWH Pipe Inventary Stocking Program.
Wihoite is intended for gravity sewer o low pressure (less than 5 psi) continuous aparation.
ntact your KWH Pipe reprasantalive for low pressure applicatior ceading 5 psi infamal pressure.
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Measure Twice Cut Once!

Monitor the existing culvert

until the liner 1s Installed.




Evaluate Hydraulic Performance

Is an increase In the existing
headwater permissible; and If
so, how much?




Consider

e \What’s upstream
(Design and 100 yr Discharge)

o Arbitrary controls

(D+2 or D+4, Design Flood)
(2D, 100 yr Discharge)

 Roadway Clearance
(2ft below EP)




CHART 5

EXAMPLE

D=36 inches [3.0 feet)
G=66 cfs
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DISCHARGE (Q) IN GFS

ENTRANCE
TYPE

e Check inlet ; - e
control

SCALE

DIAMETER OF GULVERT (D) IN INCHES

HEADWATER DEPTH IN DIAMETERS

STANDARD C. M

To use scale (2) or (3) project
herizentally to scale (1), then
use stroight inclined line through
D ond Q scoles, or reverss as
illustrated.

HEADWATER DEPTH FOR
C. M. PIPE GCULVERTS
WITH INLET CONTROL

BUREAL OF PUBLIC ROADS JAMN. r963




|

Slopes Sg —+
SUBMERGED OUTLET CULVERT FLOWING FULL

Culvert
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Lo HEAD FOR
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CORR. METAL PIPE CULVERTS
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n=0.0328 TO 0.0302

BUREAU OF PUBLIC ROADS JAN. 1963




EXAMPLE

D=42 inchaes (3.5 fest)
Q=120 cfs

Hw*
4]

2.5

2.1
2.2

\IITIII'I

DA BERR
T 1

Slipline

\

T
|

\
]

HEADWATER DEPTH IN DIAMETERS (HW/D)

T TTTT
I
T

\

LA

A

o
o

 [fslipline
extends to
entrance of
existing
pipe check
Inlet
control

o
l/\

ENTRANCE
TYPE

Square sdge with
headwall

DISCHARGE (Q) IN CFS
o oo @
(=2« =]

o

Groove end with
headwall

7]
L
=
o
=
=z
=)
2
-
[
w
>
=i
=]
o
w
[=]
-4
(M)
=
w
=
—
a

»
o

Groove end
projecting

)

Te use scale (2) or (3) project
horizentally to scala (1), then
use straight inclined line through
D and Q scoles, or reverss as
illustrored.
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SMODTH INLETS (CONCRETE]
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THROAT CONTROL
FOR SIDE- TAPERED INLETS TO PIPE CULYERT

(CIRCULAR SECTION ONLY)
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CHART 9

Slope Sg—
SUBMERGED OUTLET CULVERT FLOWING FULL
HW = H+ hg—LSa

TURNING

For outle! crown not submerged, compute HW by
melhods described in the design procedurs
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If the hydraulic requirements can
be met by the sliplined pipe,

sliplining Is a viable option.




Consider Costs




Costs for Culvert Replacement

Traffic control
Excavation and pipe removal
Pipe and pipe installation

Backfill and embankment
Pavement

Erosion control

Guardrail




Cost of detour to traveling public

$0.48 x detour length (mi.) x ADT
per day

Does not include lost time




Costs for Sliplining

 Traffic control?
 Pipe and pipe Installation
e Grouting the voids




Factors Favoring Culvert
Replacement

e | ower ADT
e Shallower cover

e Smaller pipe
e Shorter detour routes




Factors Favoring Sliplining

e Higher ADT

* Deeper cover

e Larger pipe
 Longer detour routes




Structural Considerations




Wil the slipline pipe need to
support the embankment?

In a large majority of cases

when the host pipe can
accommodate a

hydraulically adequate
slipline pipe, no.




Wil the slipline pipe need to
withstand insertion?

Definitely




Pushing Force
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Resistance

Min wall area normal to flow
X
Minimum tensile strength of pipe material




Will the slipline pipe need to
withstand grouting?

Definitely




Buckling
Resistance

Love’s
Formula
P =3EI/R3
Hyd?ostatic pressure

on unsupported
pipe

Weholite External Collapse Resistance (psi)

Stiffness (RSC / Kpa)

RSC | RSC | RSC | RSC | RSC | RSC

Size

40 63 100 160 250 400

18

3.3 5.3

21

3.0 4.6 7.4

24

2.6 4.1 6.4

27

2.3 3.6 5.8

30

2.1 3.3 5.3

36

1.8 2.8 44 6.9

40

1.6 2.5 4.0 6.3

42

1.5 2.5 4.0 6.3

48

1.4 2.2 3.4 5.3

54

1.4 2.2 3.4 5.3

60

1.1 1.8 2.8 4.3

66

1.0 1.5 2.6 4.0

72

0.9 1.5 2.4 3.7

78

0.9 1.4 2.2 3.4

84

0.8 1.4 2.2 3.4

90

0.8 1.2 1.9 3.0 4.8

96

1.2 1.8 2.8 4.5

108

1.0 1.6 2.5 4.0

120

0.9 1.5 2.3 3.7

The calculated external collapse resistance values
have a 'factor of safety’ of 1.5.

Calculations are based on Love's formula. Based on
an assumed grout set up time of 10 hours at

100F, 46,900 psi has been used as the apparent
modulus of elasticity.. 2% initial ovality of the pipe
was also assumed.




Limit Deflection (d=f(Wr3/El))

No. of Grout Lifs - Weholit .. Using Grout Densiy of 80 Lb,/Cu.Ft No. of Grout Lifts - Weholite .. Using Grout Density of 120 Lb./Cu.Ft.
RSC RSC RSC RSC RSC
RSC RSC RSC RSC RSC 40 8 100 180 250
40 83 100 180 250

1
‘ 1 — —

Does not meet F894 min'm waterway wall .. Masts all other reqts of spec, Only Sfjlsagf; ;"sﬁ::]gggf{mr Waterway Well.. Mests all other reqts of spec. Only
available as 'speci r '
pecial orde | F824 Compliant in all respects

F884 Compliant in all respects

Includad in ‘stocking' program,
Included in 'stocking' program.

No of ‘grout ifts' s based on limiting the deflection caused by grout buoyancy to not more than 2% of the pipe
No of 'grout ffs'is based on limiting the deflection caused by grout buoyaney to not more than 2% of the pipe diameter. This defelection must be carefully monitored and if necessary intemal braces shauld be used fo limit
diameter, This defelection must be carefully monitored and if necessary internal braces should be used o limit the deflection to this amount,
the deflection to this amount,




Durability Requirements of the

Slipline Pipe




Required Minimum

Median
Service Life
OhioDOT

75 years for freeways

and other important
roadways and high
fills (16 ft F/L to
finish grade)

50 years for other
situations

Drainage Design Policies

1002.2.3 Special Shapes

Special shaped conduits (elliptical concrete,
comugated metal arch or pipe arch, or
prefabricated box or three-sided structures) are
generally limited for use under shallow cover
installations or extremely low or restrictive
headwater .control otherwise requiring multiple
circular conduits to satisfy allowable headwater
conditions.  Generally elliptical concrete and
corrugated metal pipe arch of the required size to
satisfy hydraulic conditions are to be shown on
the plan.

Special shaped conduits may be provided to
conform to the cross-sectional geometry of
sensitive streams identified in the environmental
documentation.

Where corrugated metal and structural plate pipe
arches are specified or permitted, a foundation
investigation shall be submitted as required by
Section 1008.1.5.

1002.3 Conduit Types
1002.3.1 Type A Conduits

Type A conduits shall be designated for soil-tight,
sealed-joint, open-ended cross drains under
pavements and paved shoulders. The minimum
size culvert (or cross drain) to be specified shall
be based on the roadway type and depth of fill
from the flowline to roadway surface.

The minimum required round (or equivalent
deformed) pipe sizes are listed in Figure 1002-1.
For culverts with outlet control, under freeways or
high fills (16 feet), the size shall be increased one
pipe size over the required size to allow for future
repair. The pipe shall only be upsized once.

All hydraulically and structurally adequate pipe
alternates which provide the required service life
shall be shown on the plans and listed in the
pertinent pay item. In the applicable size ranges,
alternates should include, vitrified clay, concrete,
corrugated steel and cormugated aluminum pipe.
For corrugated pipe, the corrugation profile which
requires the thinnest metal shall be listed. Where
durability requires increased thicknesses of the
corrugated steel alternate, the 1-inch corrugation
profile should be specified for pipe diameters over
48 inches. For the corrugation profile specified,
all combinations of thickness and protection
providing the required service life shall be
specified.

Only one type of pipe may be specified where
special conditions prevail such as: excessive
cover for a rigid pipe; where a larger corrugated
pipe would require a higher pavement grade to
satisfy minimum cover requirements or require
more cells than a rigid alternate; or where a metal
pipe arch would be required as an altemate to a
round rigid pipe. The use of a single material
type shall be subject to the approval of the
Hydraulic  Section, Office of Structural
Engineering.

If the altemmates to be listed in the plan are of a
different size, the pipe length shall be designed
for the smaller sized pipe. The length of pipe
may be greater, therefore, than theoretically
required if the larger sized altemate pipe is
selected by the contractor.

In addition to hydraulic and structural
considerations, pipe material durability shall be
considered in the selection of culvert materials.
All Type A Conduits under State and Federal
routes shall be designed to provide a minimum
median service life of 50 years. At sites where
the future cost to replace a pipe could be
exceptionally high such as under high fills (16 feet
or more from flowline to finish grade) or freeways,
a design median service life of 75 years shall be
used.

The pH of the normal stream flow and the
presence of abrasive flow conditions shall be the
factors considered to determine material
durability. At all sites, the pH of the nomal
stream flow shall be measured and a
determination of the abrasive potential of the
stream shall be made. The presence of granular
material accompanied with a stream gradient or
flow sufficient to cause movement of the granular
material in the stream bed shall be the basis for
the determination of an abrasive versus non-
abrasive site for corrugated steel pipe. Granular
material is considered to be a material larger than
sand or pea gravel. A site should be considered
abrasive for corrugated aluminum pipe if bed
loads consist of sharp cobbles with flow sufficient
to camy the bed load through the culvert.
Otherwise, the site should be considered non-
abrasive. If there is no normal stream flow during
the culvert field review, Figures 1002-2 and 1002-
3 may be used to determine pH. Future land use
(such as coal mines) should be considered and
the durability design adjusted to meet future
needs.

Figures 10024, 5 and 6 shall be used to
determine the pipe materials for the design

January 2005




For New Installations

Steel Condult
Slze & Type

Protection

Gage
Required
for 75 year
Design
Servioe
Life ee

T07.0lor TOT.02

Galvanized

TOT.0leor T0T7.02,
Aluminum Coated

Aluminlized

$48" 1707.05 or

>54* | 7107.07

Galvanized -
Asphalt coated
and paved

£48" | TO7.05 or

T07.07

254" Al-Coated

Aluminlzed -
Asphalt coated
and paved

707.04 (/2* corr.)

T07.04 (I' corr.)

Polymer Cocted

707.04 (/2" corr.)
paved psar T07.07

TOT.04 (" corr.)
paved per T707.07

Polymer coated-
Asphalt coated
and paved

3417 JIIAH3S NOIS3A dVIA GL - SILIS
JAISVHEY LV NOILI310Hd ANV SS3NXUIIHL

ddld V1IN A3LVONHY0I ¥O0d SLININFHINDIY

18
w/CFH

B
w/CFP

6
w/CFP

16
w/CFP

2
w/CFP

T07.02
w/ Tleld paving

Calvanized —
Concrete Tield
paved Invert

12
w/CFP

Kor (2
w/CFP)

3lor 12
w/CFP)

8lor 2
w/CFP)

0(or 2
w/CFP)

TOT7.03
(imver+ Platas)

Structural
Plate

NOLLO3S FONREEN

(52)9-200|




For Culvert
Replacements

Past performance
of the

existing culvert
material

should also be
Considered

service life. These tabulations are based on the
ODOT Culvert Durability Study and later reports.
The equations in the referenced study can be
used to determine service lives other than 50 and
75 years.

The following shall govem the determination of
the pH factor for the categories listed in Figures
1002-4, 1002-5 and 1002-6.

1. The instrument used to measure the pH shall
be capable of determining the pH within an
accuracy of 0.1.

The firm or agency responsible for the
preparation of the plans shall be responsible
for obtaining the pH readings.

3. A report shall be submitted, with the Drainage
Review plans, listing for all culvert sites: the
pH of the stream flow, an evaluation of
whether the site is abrasive or non-abrasive,
and a statement that the tests were made in
dry weather or low flow.

Protection greater than required for existing
conditions may be specified for a culvert with
potential flow conditions more comosive than
measured, if the district office is of the opinion
that future use of the contributing watershed will
alter such conditions. A statement of this opinion,
including the reasons for the opinion, shall
accompany the pH report. .
At culvert replacement sites, past performance of
existing material should also be considered.

1002.3.2 Type B Conduits

Type B conduit shall be designated for soil-tight,
sealed joint sewers under pavements, paved
shoulders, and commercial or industrial drives.

In areas with highly erodible soils (e.g., fine sands
or silts), premium joints shall be provided.

Additional protection (epoxy coating as per
706.03 for concrete pipe and polymer coating per
707.04 for asphalt paved corrugated steel pipe)
shall be provided for storm sewers carmying
cormosive flow.

1002.3.3 Type C Conduits
Type C conduit shall be designated for soil-tight,

sealed joint sewers not under pavements, paved
shoulders, or commercial or industrial drives.

Drainage Design Policies

In areas with highly erodible soils {(e.g., fine sands
or silts), premium joints shall be provided.

Additional protection (epoxy coating as per
706.03 for concrete pipe and polymer coating per
707.04 for asphalt paved corrugated steel pipe)
shall be provided for storm sewers carrying
corrosive flow.

1002.3.4 Type D Conduits

Type D conduits shall be designated for pipes
under driveways and bikeways. The minimum
size required is 12 inches. For sizes 24 inches
and larger, it will be necessary to submit
calculations and specify pipe sizing required to
satisfy the hydraulic controls. Such analyses
shall be submitted with the Drainage Review
plans. The design frequency used to analyze the
hydraulic performance of the Type D conduit is
the same as that used for the flow capacity of the
connected ditch or channel and the headwater for
that frequency shall not exceed a point 1 foot
below the edge of the pavement. If potential
exists for the drive pipe headwater to encroach
on the adjacent roadway, the drive pipe shall be
sized utilizing a design frequency as per 1004.2.

Generally, the pipe alternates listed in 603.02 of
the Construction and Material Specifications are
applicable, except that equal size corrugated pipe
will provide satisfactory altermates for sizes
smaller than 24 inches. If the control is critical, a
hydraulic analysis will be required to determine
the proper size of pipe altemates.

Drive pipes under commercial or industrial drives
shall be designed for material durability as per
1002.3.1. Additional protection for residential and
field drives may be specified if conditions warrant.

1002.3.5 Type E Conduits

Type E conduits shall be designated for farm
drain headers inside or outside of the right-of-way
lines. Headers are ordinarily provided to intercept
small, closely spaced lines in a tiled field thereby
precluding the need for numerous field tile outlets
through the backslope of the highway ditch.

Type E conduits may be used beyond the paved
shoulder to eliminate a ditch in front of a yard
where such ditch elimination can be justified.
When required by hydraulic analysis, all proper
sized alternates shall be specified.




General Notes - Figures 1002-5 and 1002-6

Tables 1002-5(50) & 1002-5(75)

Tables 1002-5(50) and 1002-5(75) are based on
equations 6 and 8 from the ODOT Location &
Design publication 82-1, “Culvert Durability Study”™
including:

+ A 15-year service life for Bituminous Coating
with Invert Paving for culverts 54" and larger.

A 25-year service life for Bituminous Coating
with Invert Paving for culverts 48" and
smaller.

A 35-year service life for Aluminium Coating
with pH above 5.0

A 50-year service life for Polymeric Coating

All base metal must provide a minimum of 10
years of service life.

Corrugated aluminium alloy pipe (707.21 and
707.22) and aluminium alloy structural plate pipe
(707.23) are acceptable with the minimum
thickness required to satisfy cover conditions for
all non-abrasive sites with a pH between 5.0 and
9.0

A blank space in the table indicates that a gage,
which satisfies the design service life, is not
available.

Tables 1002-6(50) & 1002-6(75)

Tables 1002-6(50) and 1002-6(75) are based on
equations 7 and 9 from the ODOT Location &
Design publication 82-1, “Culvert Durability Study”
including:

* A 15-year service life for Bituminous Coating
with Invert Paving for culverts 54" and larger.

A 25-year service life for Bituminous Coating
with Invert Paving for culverts 48" and
smaller.

A 35-year service life for Aluminium Coating
with pH above 5.0.

A 50-year service life for Polymeric Coating

All base metal must provide a minimum of 10
years of service life.

Corrugated aluminium alloy pipe (707.21 and
707.22) with Concrete Field Paving and

aluminium alloy structural plate pipe (707.23) with
Concrete Field Paving are acceptable with the
minimum thickness required to satisfy cover
conditions for all abrasive sites with a pH
between 5.0 and 9.0

A blank space in the table indicates that a gage,
which satisfies the design service life, is not
available.

Abbreviations and Symbols

o Concrete field paving shall be epoxy
coated per 706.03 for pH < 5.0

Ll Externally coated per AASHTO M243

wICFP With concrete field paving of invert
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