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Buckling

Buckling of a pipe wall is a function of the
installed condition (Ms) and the pipe wall
properties (A, I, and R). In order to demonstrate
resistance to buckling the capacity of the pipe
wall (found in Equation 7-12) must be greater
than the yield stress (Fy = 1,440 psi) in order
to demonstrate sufficient structural resistance.
Further, if the critical buckling stress is less
than the yield stress, then the compressive
resistance to thrust (Equation 7-9) must be
recalculated using F instead of F,.

Equation 7-12
Critical Buckling Stress

R El
=924— |B'R ¢ M.| ———
S » s S(0.149R3)

for = critical buckling stress, psi
Ms = secant constrained soil modulus,
psi (Table 7-4)
R = effective radius of pipe, in.
=0D/2-¢c
OD = outside diameter of pipe, in. (Table 7-1)
¢ = distance from inside diameter to neutral
axis, in. (Table 7-1)
E = modulus of elasticity for polyethylene
(Table 7-2)
A = area, in%in (Table 7-1)
| = moment of inertia, in*/in (Table 7-1)
Rw = water buoyancy factor
Where:

H
R, =1-033—%
H

H = burial depth, ft.
Hg = height of groundwater above
springline of pipe, ft.
&s = resistance factor for soil stiffness
(Table 7-10)
B’ = nonuniform stress distribution factor
Where:
, 1

= 1+ 4o~ 00651

Bending Strain

LRFD Section 12 design methods requires
the bending strain to be evaluated to ensure
installed strain levels are within the HDPE
material’s capability. The bending strain
may be computed based on an empirical

relationship between strain and deflection

as seen in Equation 7-13. It is noted that to
account for construction induced deflections,
the AASHTO established permissible con-
struction induced deflection (AC) is introduced
into the deflection equation. The resultant
value (4) is the total deflection due to bending.
After the resulting value of deflection is
determined, bending strain is determined
based on Equation 7-14. The AASHTO
established bending strain limit is 5%.

Equation 7-13
Pipe Deflection Due to Bending

TLDm

A=A.D, —|-LZm
AEy,
Where:
A = deflection of pipe, reduction of vertical
diameter due to bending, in.
T. = factored wall thrust, Ib/in
A = deflection of pipe, construction induced
deflection limit 5%
v, = load factor, vertical earth pressure,
(or f, = capacity modification factor for
pipe from Table 7-9 Table 7-9)
A = wall area, in?/inch of pipe (Equation 7-1)
E = long-term modulus of elasticity of
polyethylene, psi (Table 7-2)
Dn, = mean pipe diameter, in.
=0D-2c
¢ = distance from inside diameter to neutral
axis, in. (Table 7-1)

Equation 7-14

c A
€, =yBDf(E) D

m

Pipe Deflection Due to Bending
Where:
Ew, = factored bending strain, in./in.
Ds = shape factor, dimensionless (Table 7-5)
A = deflection, in. (Equation 7-14)
ve = load factor, combined strain, 1.5
R = effective radius of pipe, in.
= OD/2-c
OD = outside diameter of pipe, in. (Table 7-1)
¢ = distance from inside diameter to neutral
axis, in. (Table 7-1)
D = mean pipe diameter, in.
=0D-2c

Combined Strain

LRFD Section 12 design methods requires the
combined strain (bending plus compression)
to be evaluated to ensure installed strain levels
are within the HDPE material’s capability. The
factored compressive strain from Equation
7-15 must be less than or equal to the com-
bined compressive strain determined by
Equation 7-16. Additionally, the factored
tension strain determined from Equation 7-17
must be less than or equal to the allowable
combined tension strain determined from
Equation 7-18.

Equation 7-15
Factored Combined Compressive Strain

gcu = gbu + T_L y_B
AE N\ v,

Where:

E., = factored compressive strain, in./in.

Eyu = factored bending strain, in./in. (Equation 7-14)
T, = factored wall thrust, Ib/in (Equation 7-10)
vp = load factor, vertical earth pressure

(or f, = capacity modification factor
for pipe from Table 7-9)
ve = load factor, combined strain, 1.5
A = pipe wall area, in¥inch of pipe (Table 7-1)
E = long-term modulus of elasticity of
polyethylene, psi (Table 7-2)

Equation 7-16
Limiting Combined Compressive Strain

1.5%F,

Where:
Eq = limiting combined compressive strain, in./in.
F, = tensile strength of polyethylene, psi
(Table 7-2)
E = modulus of elasticity of polyethylene, psi
(Table 7-2)

Equation 7-17
Factored Combined Tension Strain

T, \r
gtu = gbu - (A_LE‘) y_B
P
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Where:
&, = factored tension strain, in./in.
Ew, = factored bending strain, in./in. (Equation 7-14)
TL = factored wall thrust, Ib/in (Equation 7-10)
Vo = load factor, vertical earth pressure
(or f, = capacity modification factor
for pipe from Table 7-9)
ve = load factor, combined strain, 1.5
A = pipe wall area, in?/inch of pipe (Table 7-1)
E = long-term modulus of elasticity of HDPE,
psi (Table 7-2)

€y =VE,

Equation 7-18
Limiting Combined Tension Strain
Where:
&y = limiting combined tension strain, in/in
vs = load factor, combined strain, 1.5
. = allowable tension strain, in/in

7-5 Direct Burial Minimum
and Maximum Cover Limitations

The design procedure described in the
preceding section is provided for technical
completeness and is especially useful for
non-standard installations. However, in the
case of standard installations, the information
in this section is developed to provide a
quick reference for maximum and minimum
recommended cover heights. Additionally,
this section provides a brief explanation of
the assumptions used in the development
of the burial depths tables.

Minimum Cover in Live Load Applications

Pipe with diameters of 10- to 48-inch installed
in trafficked areas (AASHTO H-25 or H-25
loads) must have at least one foot of cover
over the pipe crown, while 54- and 63-inch
diameter pipes must have at least 18 inches
of cover. The backfill envelope should provide
a minimum E’ value of 2000 psi. In Table 7-12,
this condition is represented by a Class I
compacted to 90% standard Proctor density.
This minimum cover is measured from the top
of the pipe to the bottom of flexible pavement
or to the top of rigid pavement.

Additional information that may affect the
cover requirements is found in ASTM D2321.

WWW.CULVERT-REHAB.COM | (800) CULVE RT | s WWW.CULVERT-REHAB.COM | (800) CULVERT

ubise( |einoniis

63




SnapTite

Structural Design

64

Table 7-12 Table 7-14
Minimum Cover for Direct Burial Snap-Tite® Maximum Cover for Snap-Tite® SDR 32.5 Pipe, ft.
SDR 32.5 Pipe with AASHTO H-25 or HS-25 Load
Outside Diameter, Minimum Cover, Outside Diameter, Minimum Cover, Diameter Compacted | Uncompacted | 95% 90% 85% 95% 90% 85%
oD, in. H, ft. oD, in. H, ft. (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)
10”7 65 10 65 37 10 38 13 8
10.75 ! 28 ! 127 65 10 65 | 37 | 10 | 38 | 13 8
12.75 1 30 1 14" 65 10 65 37 10 38 13 8
14 1 32 1 16~ 65 10 65 37 10 38 13 8
16 1 36 1 18~ 65 10 65 37 10 38 13 8
18 1 42 1 20~ 65 10 65 37 10 38 13 8
20 y 48 1 22 65 10 65 37 10 38 13 8
24" 65 10 65 37 10 38 13 8
22 1 54 1.5
28" 65 10 65 37 10 38 13 7
24 ! 63 15 30~ 65 10 65 37 10 38 13 7
Note: Minimum covers in this table were calculated assuming Class Il backfill material compacted to 90% standard 36~ 65 10 65 37 10 38 13 7
Proctor density and a minimum of 12-inches cover above the crown.
427 65 10 65 36 10 37 13 7
Table 7-13 Maximum Cover 48~ 65 10 65 36 10 37 13 7
Temporary Minimum Cover Require- Wall buckling or deflection normally governs 54 65 10 65 36 10 87 13 /
ments for Snap-Tite® SDR 32.5 Pipe the maximum cover a pipe can withstand. The 63" 65 9 65 36 9 37 12 7

with Light Construction Traffic

maximum burial depth is predominately influ-
enced by the type of backfill installed around

Notes:

1) Calculations assume no hydrostatic pressure and a density of 120 pcf for overburden material.

Minimum Minimum the pipe. Table 7-14 specifies the maximum 2) Snap-Tite® may be installed deeper than 65 feet; however, the maximum cover calculations have been truncated
Vehicular Load Cover, for Cover, for burial depth for a variety of backfill conditions. at 65 feet for this table.
Surface, psi 107 - 48~ 54” -60" 3) Consult with a Snap-Tite® representative for burial depths deeper than 50 feet.
diameters, (in) diameters, (in) 4) Culverts are typically in stalled in conditions where ground water is not a problem. If ground water
is a concern contact Snap-Tite® for recommended installed burial depths.
75 9 12 . . o . . )
7-6 Rehabilitated Pipe The existing host pipe or culvert is typically
50 6 9 Systems Design Procedure rehabilitated as a result of deterioration
The design procedure for Snap-Tite® reha- O; dderTon?tr\igon of sr':rui:t/u:?\i dlsr:rel‘ssi. Irt]h
o5 3 6 bilitated pipe systems (RPS) is complex due order to provide a conservative analysis the
h structural contribution of the host pipe has
to the composite structure nature of the

system. This composite structure is typically
comprised of a host pipe, Snap-Tite® and a
cementious grout that fills the annular space
between the host pipe and Snap-Tite®. In
order to accurately predict structural capacity
of the RPS it is necessary to use a combination
of traditional engineering analysis and analytical
tools such as finite element analysis. The
design procedure described evaluates critical
failure mechanisms of the Snap-Tite® pipe
and the grout filling the annulus between the
host pipe and Snap-Tite®.

not been included in the design procedure.

The RPS design method evaluates the
factored resistance and associated factored
loading demand placed on the RPS. Specific
design criteria evaluated are summarized in
Table 7-15.

Maximum and minimum cover height tables
have been developed based on the following
design procedure.
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Table 7-15
RPS Design Criteria

Snap-Tite® Pipe o Design Criteria

Design Criteria

Thrust Yielding Comprehensive Strength
Global Buckling Tensile Strain

Combined Strain

Structural Design

Tensile Strain

Deflection

CANDE - 2007 Finite Element Analysis Model

The design method for the RPS components,
the load factors and the resistance factors are
based on the specifications in Chapter 12 of
American Association of Highway Transportation
Official (AASHTO) Load Reduction Factor Design
(LRFD) Bridge Design Specifications (Reference
2). Recently AASHTO sponsored the upgrade
of CANDE-2007, a finite element computer
program developed for the structural design and
analysis of buried culverts; hence the acronym
CANDE stands for Culvert ANalysis and DEsign.
Since CANDE-2007 was specifically developed
for culvert analysis and has the capability to
perform AASHTO LRFD analysis, the program is
ideally suited for this complex structure analysis.

In order to accurately model the composite
RPS system, it is necessary to develop a
level three input file for CANDE. This process
is initiated by modeling the host pipe and
generating a level two mesh for the host pipe
plus the backfill. Next the level two input file
is imported into a level three input file. A level
three input file simply means that the mesh
topography is modified to include the HDPE
liner and grout.

While it is not anticipated that a CANDE
analysis will be used for each installation,
the general modeling assumptions are listed
below to provide design guidance.

Beam Elements

The CANDE model for the RPS soil-structure
system is composed of a ring of beam elements
for the host pipe, a ring of beam elements for
Snap-Tite® HDPE liner, a ring of continuum
quadrilateral elements for the grout, and two

66

rings frictionless interface elements between
the grout and the pipe surfaces. The use of
frictionless interface elements was chosen
since it is most conservative.

Loading

In the case of dead loads, the system

should be modeled for conservative loading
conditions. Therefore, an embankment
conditions is recommended. Additionally, it

is recommended that the CANDE analysis
simulates the layers of soil loading above

1.5 diameters of cover height. Above that
height, 2-psi increments of surface pressure
for each load step is applied to the system.
All load steps are assigned a load factor of
2.05 representing the product of the standard
AASHTO earth load factor 1.95 and the
redundancy factor 1.05. These LRFD factored
soil loads are recommended to be placed
around and over the RPS in construction
increments until the factored weight of the
overburden soil causes the onset of structural
distress in one of the RPS components.

This new construction method is recom-
mended because the soil around the host
pipe remains undisturbed and does not
produce earth loads in the liner or the

grout. Additionally, this “new construction”
method of loading is recommended as a

level of conservatism. It is noted that for the
maximum burial depth analysis (see Table 8-1)
structural distress always turned out to be
either the compressive strength of the grout
or strain capacity of the grout. In all cases the
HDPE component was very safe since it never
exceeded 25% of its design capacity. Based
on these analyses, SDR 32.5 Snap-Tite® is
the maximum wall thickness required for
structural resistance for RPS.

Host Pipe Analysis

As previously mentioned, the host pipe is
typically deteriorated and in some locations
may not exist (i.e. invert of metal pipe).
Therefore for the maximum burial depth
analysis, the material modulus and strength of
the host pipe is reduced to 1 psi. This modified
host pipe strength does not significantly
influence structural response of the system
and provides for a conservative analysis.

Output Report

CANDE automatically provides the factored-
demand/factored-capacity ratios for the
HDPE pipes; however, CANDE does not
have a built-in design criterion for the grout.
Therefore the output report is analyzed to
determine the construction step at which
grout loading exceeds its capacity.

The CANDE Output Report is examined to
find the first load-step at which the factored-
demand to factored-capacity ratio exceeds
the value of 1.0 among all the design criteria
for the grout and the HDPE liner pipe.

Grout Stress and Strain Analysis

As previously mentioned two critical design
criteria for grout are analyzed. The first
criterion is compressive strength. The second
critical design criterion is tensile strain. Since
the grout is confined between the host and
liner pipes and the shear bond is modeled as
frictionless, these two criteria are considered
the most crucial for the grout. Maximum burial
depth for each of the criterion is determined
and the more limiting of the two analyses
dictates the maximum burial depth. It is noted
that the Snap-Tite® is also checked, but as
mentioned Snap-Tite® never exceeds 25% of
its capacity in the design.

Grout Compressive Strength

The maximum factored thrust stress or
compressive stress in the grout component
of the RPS is at the spring line of the system
orientated in the vertical direction. CANDE’s
output report calculates the stress and strain
in the vertical direction of each node of which
one is located at the spring line. Therefore the
CANDE output report is examined at each
load step to determine the load step at which
the factored thrust at the spring line meets

or exceeds the maximum unconfined grout
strength. As previously mentioned and shown
in Table 7-6 the grout strength is a function of
density. The load step is equated to a burial
depth and that associated burial depth is est-

ablished as one possible limit state for the RPS.

Grout Tensile Strain

The maximum factored compressive strain
in the grout component of the RPS is at the
spring line of the system orientated in the
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vertical direction. CANDE’s output report
calculates the factored compressive strain in
the vertical direction of each node of which
one is located at the spring line. Therefore,
the CANDE output report is examined at each
load step to determine the compressive strain
at the springline. As previously mentioned and
shown in Table 7-6, the grout tensile strain
capacity is a function of density.
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Additionally, CANDE’s output report determines
the deflection at each load step. Therefore
the CANDE output report is examined at each
load step to determine deflection of the RPS.
With the compressive strain and deflection
determined in the CANDE output report, an
empirical relationship (See Equation 7-19) can
be used to determine the factored tensile strain
in the grout.

Equation 7-19 is used to determine the grout
tensile strain based on maximum compressive
strain and deflection.

Equation 7-19
Grout Tension Strain

gtg = DLgbg - gcg

Where:

&, = grout tensile strain, in/in

D. = liner pipe location factor, unitless

E., = compressive strain in grout

= compressive strain from CANDE at
springline node for grout, in/in

&y = bending strain in grout, in/in

Where:

c A
e
Mg

g

Yog = load factor, 1.0
Dy, = shape factor of grout, 2.0
cg = distance to centroid of grout, in
Rq = effective radius of grout, in
A = deflection of plastic pipe from
CANDE outpuit file, in
Dumg = mean diameter of grout, in

It is noted that the grout is poured in place.
Therefore a load factor of 1 and shape factor
of 2 is conservative for the design. The
location factor essentially doubles the grout
strain to account for installed, workmanship
and uncertainty.
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