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Introduction
Infrastructure is fundamentally the most important aspect
in the construction industry. Whether building a new
pipeline or rehabilitating a failing culvert, many contractors
and government entities are searching for the best and
most effective structural solution. Existing culverts across
the world are nearing the end of their useful life, and,
as a result, flooding, erosion, and roadway failures are
becoming more and more common.
Fixing these failing culverts involved closing the entire
roadway, open trenching, laying new pipe, backfilling,
and repaving numerous times afterwards to cope with
soil settling. This process is extremely expensive, time
consuming, and aggravating to motorists. Most agencies
are searching for a solution that fits their already-shrinking
budget, avoids road closure, and ultimately fixes the
problem. That solution is InnerFlow.

INTRODUCTION

InnerFlow Pipe Systems
InnerFlow Pipe Systems has solved the problem of having
to excavate old and crumbling pipes and culverts for
replacement. Designed and developed by a contractor
with more than 15 years of experience installing similar
lining systems, InnerFlow is a solid, smooth-wall High
Density Polyethylene (HDPE) pipe this is inserted directly
into the old culvert simply and efficiently, with
no excavation.
The key problem was easy to identify – there was no good
product that could be installed quickly without sacrificing
the overall effectiveness of the pipe and the surety of
the installation. However, where other products fail,
InnerFlow’s innovative solution succeeds at eliminating this
problem once and for all. With its interlocking profile and
the patented push-face of the InnerFlow joint, InnerFlow
provides specially-manufactured lengths of HDPE pipe,
which can be easily inserted into old culverts to create one
continuous, watertight liner.

WHY WE'RE DIFFERENT
•
•
•

•

•

•

InnerFlow Pipe Systems has a safer installation than
all other competitors
Higher quality control creates tighter sealing joints
Patented profile has a dual push-face to allow more
linear footage to be pushed or pulled (1,500 LF in one
run of 30° DR 32.5)
Joint profile has a specific channel for the gasket
to rest, which protects the gasket through the
installation process
The joint has a piloted profile to reduce kickback
(where the pipe kicks sideways while installing, which
results in the pipe separating) and eliminate the use of
pry bars while aligning joints
Rugged and durable HDPE solid-wall is ideal for
segmental slip-lining applications

In this manner, InnerFlow solves the problems other products
simply cannot. The gasket, resting in its own specific
channel, eliminates the potential rolling and twisting of a
conventional gasket system during installation. The unique
profile of the joint’s hook and push-face, which are key
parts of the joint, allows long continuous runs to be pushed,
or pulled, through an existing culvert, while maintaining
confidence that the pipe will remain connected and will not
leak during or after the installation process.
Super-Fast Installation
InnerFlow’s innovative pipe-lining solution is unparalleled in
the industry, and can be installed quickly with no specialized
equipment or training required. This means maintenance
departments can set their own crews to work immediately
– the InnerFlow pipe-lining system is lightweight, extremely
easy to handle, and can be installed with light-duty
equipment, minimal manpower, and minimal disturbance
to roadways and railroads. All of these benefits amount to
InnerFlow not only being the best, safest, and most reliable
solution to rehabilitating deteriorating culvert systems, but the
simplest and most cost-effective rehab solution to boot.
InnerFlow has undergone many tests to prove its
performance and capabilities for flow, durability, watertightness, and ease of installation. Product testing was
performed to the testing specifications designated
throughout the AASHTO Specification M-326-08. The
InnerFlow test results have met and exceeded all of the
requirements for HDPE slip-lining joint performance.
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Specifications and Standards passed
and or exceeded by InnerFlow
ASTM F 714-08
Standard Specification for Polyethylene Pipe Based on
Outside Diameter.
ASTM F 477-10
Standard Specification for Elastomeric Seals (Gaskets) for
Joining Plastic Pipe
ASTM D 3212-07
Standard Specification for Joints for Drain and Sewer
Plastic Pipes Using Flexible Elastomeric Seals
ASTM D 3350-10
Standard Specification for Polyethylene Plastics Pipe
and Fittings Materials
AASHTO M 326-08
Polyethylene (PE) Liner Pipe, 300 to 1600-mm
(8 "- 63"), Based on Controlled Outside Diameter
ASTM D 2321-05
Standard Practice for Underground Installation of
Thermoplastic Pipe for Sewers and Other Gravity
Flow Applications.
ASTM F 585-94
Standard Practice for Insertion of Flexible Polyethylene Pipe into
Existing Sewers

INTRODUCTION
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vv
“Indiana Reline Inc. installed over 1,700
LF of InnerFlow HDPE liner pipe in just
under a week on a project for the Kansas
DOT near Topeka, KS. This bell/spigot
mechanical joint is impeccable, and
allowed us to comple the project way
ahead of schedule and underbudget due
to the ease of installation of InnerFlow.”
- Mack Statom

Indiana Reline Project Manager/ Estimator
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Chapter 1
Why InnerFlow Pipe Systems
InnerFlow incorporates solid-wall high-density
polyethylene (HDPE) pipe with an interlocking,
grooved, push-together joint that creates a
water-tight seal that meets and exceeds AASHTO
Specification M-326-08. With this interlocking
profile and patented push-face of the lnnerFlow
joint, any installer can expect a joint that
guarantees both water-tightness and durability
that prevents the pipe from detaching while
installing.
No matter whether your project is slip-lining an
existing culvert that needs to be rehabilitated or a
direct bury application, the InnerFlow Pipe System
offers a high performance solution with superquick installation at a low cost.

CHAPTER 1

InnerFlow Hydraulics
The InnerFlow joint design allows for extreme
efficiency in water transportation. The smoothwall permits smaller liner diameters without
compensating for less flow capacity when a
system is operating in outlet control (hydraulically).
In such cases, the smaller diameter liner may
even increase the overall capacity of drainage
structures that have a higher Manning’s “n”.
In addition, the smooth-wall is self-cleaning,
as it prevents build-ups of debris. A hydraulic
analysis of the culvert by a qualified engineer is
recommended while operating in Inlet Control and
Outlet Control conditions.
Since HDPE pipe is corrosion, abrasion, and ultraviolet resistant, the interior of solid, smooth-wall HDPE remains constant
throughout its useful life. These properties result in a non-variant "n" factor, or a constant flow rate calculation.
Installation Process – Snaps in Fast, Built to Last
lnnerFlow requires no specialty equipment or assistance, and no fusion machines or specialty technicians – with just
a simple, standardized machine like a backhoe, common hand tools, and a crew of one operator and two laborers,
hundreds of feet of lnnerFlow can be effectively and efficiently installed in one day.
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This is because InnerFlow snaps together quickly
and easily, with minimal physical labor imposed on
workers. The profile of the joint prevents over-belling
when pushing long, continuous lengths, and stops
separate sections from coming apart in instances
where pulling back is necessary in a slip-line
application.
Customizable
InnerFlow Pipe Systems are available in a variety of
lengths up to 48’ and 52’ depending on diameter,
and outer diameters ranging from 8 inches up to
63 inches. InnerFlow was originally designed for
culvert rehab, where the liner is inserted into a larger
existing culvert and then structurally grouted into
place; however, such is the versatility of InnerFlow,
contractors have been using it with equal success
for direct bury applications as well.
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CHAPTER 1

Using the InnerFlow Pipe System,
most culverts can be reconstructed
without excavating, which will save
time and money.

Table 1.1 InnerFlow Pipe Dimensions
Outside
Diameter (in)

Average Inside
Diameter (in)

Minimum Wall
Thickness (in)

SDR #

Weight (lbs/ft)

10.75

10.008

0.331

32.5

4.75

12.75

11.966

0.392

32.5

6.67

14.00

13.138

0.431

32.5

8.05

16.00

15.016

0.492

32.5

10.50

18.00

16.892

0.554

32.5

13.30

20.00

18.370

0.769

26.0

20.45

22.00

20.206

0.846

26.0

24.75

24.00

22.525

0.738

32.5

23.62

26.00

24.304

0.800

32.5

27.89

28.00

26.276

0.862

32.5

32.19

30.00

28.043

0.923

32.5

37.13

32.00

30.030

0.985

32.5

42.04

36.00

33.784

1.108

32.5

53.20

42.00

39.416

1.292

32.5

72.37

48.00

44.336

1.454

32.5

91.62

54.00

50.676

1.662

32.5

119.7

63.00

59.020

1.945

32.5

163.46

Table 1.2 InnerFlow Pipe Dimensions
Outside Diameter

Standard Length

Available Length

10.75”, 12.75”

22’

12’, 42’

14”, 16”, 18”

26’

12’, 18’, 52’

20”, 22”, 24”, 26”, 28”, 30”,
32”, 36”, 42”, 48”, 54”

24’

9’, 15’, 48’

63”

23’

9’, 15’, 48’

CHAPTER 1

Watertight Joints
The InnerFlow joint profile has a specific groove where the ASTM D3212 approved gasket rests,
reducing the possibilities of ripping or tearing the gasket during the installation process. The InnerFlow
joint system uses an elastomeric gasket – manufactured to ASTM F 477-10 specifications – that is
seated in its own profile groove on the male joint. This protects the gasket from being damaged during
the installation, and prevents the gaskets from getting twisted and performing below capabilities.
With the elastomeric gasket, this pipe system offers a water-tight joint that meets and exceeds the
AASHTO M326-08 specification.
www.culvertrehab.com | 1.765.388.2144
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Chapter 2
Hydraulics
lnnerFlow has two distinct hydraulic advantages:
1. lnnerFlow's smooth interior wall has a Manning's " n"
factor of 0.009
2. The lnnerFlow joint does not increase the outside or
inside diameter of the pipe
These hydraulic advantages allow smaller diameter
lnnerFlow pipes to be inserted into larger existing host
structures while maintaining, or exceeding, the required
minimum flow rate in most cases.
Flow Rate
As stated in the Federal Highway Administration’s (FHWA)
Hydraulic Design Series (HDS) No. 4 and No. 5 publications
– developed to standardize procedures and provide
information for the planning and hydraulic design of culverts
– flow conditions vary over time for any given culvert. The
barrel of the culvert may flow full or partly full depending
upon upstream and downstream conditions, inlet geometry,
and the characteristics of the culvert (or inserted liner) itself.
As such, the choice of a suitable culvert lining cannot be
based on the flow capacity of a pipe alone. Hydrology, site
data, aquatic ecology concerns, and maintenance planning
must also form part of the considerations.

The Manning's Equation can determine the specific
flow rate that lnnerFlow can achieve on each individual
application. However, all applications require specific
calculations as each project is unique in design. As such, a
more detailed hydraulic analysis should be performed with
the intended use of "deformed/oval" liner pipes, as this may
have an impact on the "n" factor used when calculating the
flow rate in the Manning's Equation.
Velocity
Velocity is simply the time rate or speed of water flow
through a culvert, usually expressed as feet per second
(fps). When velocity is slow – less than 3 fps – it is possible
for sediment to accumulate in a culvert, and debris such
as rocks and sticks to collect inside. However, when the
velocity is higher than 3 fps, sediment build-up is no longer
a problem, as it will be swept up in the flow and the culvert
is considered self-cleaning. As such, when considering the
potential of sediment build-up, particle size, flow velocity
and roughness of the pipe must be evaluated.
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CHAPTER 2

Energy is required to force flow through a culvert. This
energy takes the form of an increased water surface
elevation on the upstream side of the culvert. The depth
of the upstream water surface measured from the invert
at the culvert entrance is referred to as headwater depth.
Ideally, culverts are designed to transport water with
minimal buildup of headwater. The “allowable headwater”
is the maximum possible headwater at the upstream side
of the culvert. Note that this is different from the “design
headwater”. The design headwater is the actual headwater
that will occur for the culvert as designed. Importantly,
the design headwater should not exceed the allowable
headwater, as this risks damage to the culvert, roadways,
adjacent property, and floodplain environment.

The Manning’s Equation has been historically used for
comparing the flow rates of culverts. Using the equation,
the capacity for a pipe as open channel flow (less than full)
and gravity full-flow conditions can be approximated. When
the correct size of InnerFlow liner is inserted into another
pipe with a higher Manning’s “n” factor, the flow after lining
will not be dramatically affected due to the fact that the
capacity of the lined culvert is very close to that of the old
culvert. In fact, it is not uncommon for the same flow to
be maintained after lining with InnerFlow Pipe Systems.
As such, provided the existing culvert is not undersized for
current hydrological demands, there is no risk of upstream
water levels exceeding the allowable headwater depth
when lining with InnerFlow.

InnerFlow is manufactured with solid-wall HDPE. This means
that InnerFlow pipes maintain a continuously smooth-walled
structure throughout their lifecycle, resulting in a constant
flow rate calculation or non-variant “n” factor of 0.009,
which is consistent with industry standards. In addition, the
interlocking profile and patented push-face of the InnerFlow
joint enables sections of pipe to be joined together easily in
the field without increasing either the outside diameter or the
inside diameter of the liner at the joint. This certainty of nonvariant outside and inside diameters creates the opportunity
to put the largest lnnerFlow pipe possible into any given
existing structure.
Velocity is considered high when it exceeds 12 fps. At this
point, damage can occur to weaker materials as large rocks
and other debris strike the liner as they are swept along.
However, solid-wall HDPE pipe has been used in many
applications at velocities reaching 18 fps to 20 fps, and
have shown excellent resistance to wear compared to most
other materials. Even so, the probability of damage and wear
increases at higher velocities.
High velocity in a liner can also result in separation on the
liner joints. However, grouting the liner into the host culvert
solves separation concerns. Once grouted in place, the new
system is resistant to separation and virtually maintenance
free.

CHAPTER 2

Flow Control
There are two basic types of flow control – inlet and outlet.
Inlet control occurs when the culvert barrel is capable of
conveying more flow than the inlet opening will accept. The
control section of a culvert operating under inlet control
is located just inside the entrance. Outlet control, on the
other hand, occurs when the culvert barrel is not capable
of conveying as much flow as the inlet will accept, and
the control section is located at the barrel exit or further
downstream.
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Both inlet and outlet control must be considered when
lining culverts. The characterization of pressure, subcritical
and supercritical flow regimes play an important role in
determining the location of the control section, and thus the
type of control. The hydraulic capacity of a culvert depends
upon a different combination of factors for each type of
control, as identified in Table 2.1. However, it is the slope of
a culvert – known as the “barrel slope” – that is the primary
factor influencing whether a culvert will operate in inlet or
outlet control.

Table 2.1 Factors Influencing Culvert Design
Factor

Inlet Control

Outlet Control

Headwater

X

X

Area

X

X

Shape

X

X

Inlet Configuration

X

X

Barrel Roughness

-

X

Barrel Length

-

X

Barrel Slope

X

X

Tailwater

-

X

NOTE: For inlet control the area and shape factors relate
to the inlet area and shape. For outlet control they relate to
the barrel area and shape.
Most culverts relined with InnerFlow operate in inlet cntrol,
as high tailwater – i.e. the depth of water on the downstream
side of a culvert – conditions are less common in welldesigned drainage systems.

Figure 2.1. Typical Inlet Configurations
A major factor influencing inlet control performance is entrance type. Typical inlet configurations include thin
edge projecting inlets (typical of a metal pipe), mitered entrances which conform to the fill slope, square
edge in headwalls, and groove edge projecting inlets. A method of increasing inlet performance is the use of
beveled edges at the entrance of the culvert. Beveled edges reduce the contraction of the flow by effectively
enlarging the face of the culvert.

CHAPTER 2
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Figure 2.2 Types of inlet control

CHAPTER 2

Inlet control hydraulics performance is defined by three regions of flow, shown in Figure 2.3 – unsubmerged, transition,
and submerged. For low headwater conditions the entrance of the culvert operates as a weir – i.e. an unsubmerged
flow control section where the upstream water surface elevation is predictable for a given flow rate. For headwaters
submerging the culvert entrance the entrance of the culvert operates as an orifice – i.e. an opening, submerged on the
upstream side and flowing freely on the downstream side, which functions as a control section. Flow rate through an
orifice increases as the depth of the headwater rises above it.
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HDS-5 provides inlet control equations to
describe submerged and unsubmerged
inlet control. The unsubmerged equation
has two forms. Form (1) – also known as
A.1 – is based on the specific head at critical
depth, adjusted with correction factors, and
is considered more accurate. Form (2) – also
known as A.2 – is an exponential equation,
and is easier to apply. When the culvert
entrance is submerged, a different equation –
A.3 – must be applied to find the headwater
depth under inlet control.

Figure 2.3 Inlet control curves

Headwater depth above inlet control section invert, ft (m)
Interior height of culvert barrel, ft (m)
Specific head at critical depth (dc + Vc2/2g), ft (m)
Discharge, ft2/s (m3/s)
Full cross sectional area of culvert barrel, ft2 (m2)
Culvert barrel slope, ft/ft (m/m)
Constants from
Unit conversion 1.0 (1.811 SI)
Slope correction, -0.5 (mitered inlets +0.7)

CHAPTER 2

Where:
HWi		
D		
Hc		
Q		
A		
S		
K, M, c, Y
Ku		
Ks		
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Maximer Available
Concerned about sustaining maximum flow?
Your best solution might be to use a Maximizer,
improved inlet device, to regain flow lost by the
diameter reduction of slip-lining.
Two options are available: Concentric and
Eccentric.

Table 2.2 Maximizer Flow Rate
Static Head (ft)

Standard-End
Flow (gpm)

Maximizer-End
Flow (gpm)

% Improvement in Flow

2

434

567

31

4

1836

2593

41

6

2910

4249

46

8

3891

4996

28

CHAPTER 2

Engineer-Approved testing determined when a typical standard, square-ended
culvert implements a MAXIMIZER on the inlet, the culvert will see a minimum of
28% increases in flow, depending on the amount of static head pressure.
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Chapter 3
Oval Pipe
Ovaled HDPE
Aging culverts now failing, and urgently need
rehabilitation. One third of these culverts are arched
– and InnerFlow has the solution: Oval pipes, which
are circular pipes pressed into the oval shape and
internally braced until after installation. lnnerFlow
pipes can be manipulated from their original round
shape into an oval, to maximize hydraulic flow and
end-area when slip-lining an existing arched or box
structure.
Making the liner pipe oval allows the liner to take
the shape of the existing structure. InnerFlow
HDPE ensures a water-tight seal for all shapes
and configurations, and is higher performing than
existing concrete or corrugated metal pipes – round,
or oval.

Table 3.1 Flow in Lined CMP
CMP Size
(inches)

Equivalent
InnerFlow
Round OD
(inches)

20" x 28"

Outside Liner Diameter
(inches)

Inside Liner Diameter
(inches)

Flow Q
(cfs)

InnerFlow
Percentage
of Flow

Major

Minor

Major

20

16.5

23

15.1

21.7

4.7

128%

24" x 35"

24

18

29

16.4

27.1

7.0

111%

29" x 42"

30

22.5

36

20.3

34

12.5

121%

33" x 49"

36

30

41

27.7

38.7

23.0

153%

38" x 57"

42

34

48.5

31.3

45.9

33.8

152%

43" x 64"

48

39

55.5

35.9

52.3

48.3

158%

47" x 71"

54

43

63

39.5

59.5

65.0

165%

52" x 77"

54

47

60

43.5

59.6

74.7

148%

57" x 83"

63

52

72.5

47.9

68.1

101.2

160%

63" x 87"

63

58

67.5

53.9

63.5

109.1

141%

CHAPTER 3

Minor
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Table 3.2 Flow in Lined RCP
RCP Size
(inches)

Equivalent
InnerFlow
Round OD
(inches)

19" x 30"

Outside Liner Diameter
(inches)

Flow Q (cfs)

InnerFlow
Percentage
of Flow

Major

Minor

Major

22

17

26

15.6

24.6

5.8

97%

24" x 38"

28

21

33.5

19.2

33.6

11.4

102%

29" x 45"

32

26

37

23.9

34.9

16.4

91%

34" x 53"

40

31

46

28.4

43.6

27.6

100%

38" x 60"

42

34

48.5

31.3

45.9

33.8

89%

43" x 68"

48

39

55.5

35.9

52.3

48.3

92%

48" x 76"

54

43

63

39.5

59.5

65.0

92%

53" x 83"

63

48

75

55.9

70.2

95.7

105%

58" x 91"

63

52

72.5

47.9

68.1

101.2

87%

63" x 98"

63

58

67.5

53.9

63.5

109.1

76%

CHAPTER 3

Minor
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Inside Liner Diameter
(inches)

Chapter 4
Installation Process
Labor
No specialist training is required to install InnerFlow. A
crew of one operator and two laborers can effectively and
efficiently install hundreds of feet of InnerFlow Pipe Systems
in one day.
Equipment
No fusion machines or specialized technology are required
– just a simple standardized machine like a backhoe or
excavator, common hand tools, and a crew of one operator
and two laborers.
•
•
•
•
•
•
•
•
•

Two sliding choker cables of adequate length
Clevises
Misc. hand tools
Power actuated nail gun
Three inch nails with washers
PVC hangers
2x4 pieces of wood - four to eight feet in length
Appropriately sized machine to help maneuver the pipe
(excavator or backhoe)
When choosing an excavator or backhoe keep in mind
the weight of each piece of pipe, the combined weight
of the entire length of pipe, the reach of the equipment,
and the access to the job site

When choosing an excavator or backhoe, keep in mind the
weight of each piece of pipe, the combined weight of the
entire length of pipe, the reach of the equipment, and access
to the job site.

Table 4.1 Pipe Weight
Outside
Diameter (in)

Weight
(lbs/ft)

10.75

4.75

12.75

6.67

14.00

8.05

16.00

10.50

18.00

13.30

20.00

20.45

22.00

24.75

24.00

23.62

26.00

27.89

28.00

32.19

30.00

37.13

32.00

42.04

36.00

53.20

42.00

72.37

48.00

91.62

54.00

119.7

63.00

163.46

CHAPTER 4

Watch the Installation Video Here to
Learn the Easiest and Quickest Way to
Install InnerFlow:
http:/bit.ly/InnerFlowInstall

Before getting started...
• Prior to the lining operation, the host pipe should be
cleaned, and the required blocking and grout tubes
installed at pre-determined locations in the host pipe.
• lnnerFlow should always be inserted into the host
pipe with the bell joint facing upstream, and the
spigot joint facing downstream.
• The required elastomeric gasket should be placed on
the spigot joint at the designated location.
• In addition to the elastomeric gasket provided, the
installer should also apply the provided sealant to
the spigot end. Sealant should be applied directly in
front of the gasket, behind the hook of the joint. This
is a best practice which ensures that dirt, mud, and
debris will not affect the seal of the gasket.

www.culvertrehab.com | 1.765.388.2144
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InnerFlow Installation

1

When rehabilitating a failing culvert, the first step
would be to clean and remove any large debris.
On-site conditions will determine if any additional
preparation is necessary.

Nose Cone
If needed, a nose cone can be supplied to assist in pushing through the existing culvert. A
nose cone is a tapered cut that has 6-8 pie shaped wedges on one end of the lnnerflow Pipe.
The lnnerflow Pipe will guide into place easier where the host pipe has misalignment thus
reducing the chance of getting the liner pipe caught. All diameters can be varied on length of
cut to suit jobsite conditions.

CHAPTER 4

The next step is installing the blocking necessary to keep the liner pipe in
place. Two runners may also need to be installed at the bottom of the culvert.
To complete the interior of the host culvert, PVC grout lines are then installed.
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2

3

Once everything is prepped, the initial piece of pipe is
inserted into the host culvert. The liner pipe is placed
so that the bell joint is upstream for proper connection
to the second pipe.

With the first pipe in place, a water-tight O-ring gasket is applied to the
spigot end of the second pipe. The second piece of pipe is lowered into
place and lined up with the first pipe. The two pipes are connected using
cables and pressure from the excavator.

5

4

The second pipe and the first pipe are then pushed
inward through the host culvert. This process is
repeated until the host culvert is fully relined.

CHAPTER 4

With the new liner in place, concrete bulkheads are built at both ends.
These bulkheads must allow access to the PVC grout lines which were
previously installed.

6
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Bulkhead
Bulkheads should be about 18 inches to 24" thick for most reline projects. Start by placing
cement at the base of the pipe in the culvert, and work your way up. Push as much material
into the space as possible. As concrete approaches the sides at 3 and 9 o'clock, have three
pieces of PVC cut to approximately three feet in length, which will serve as vent tubes. Place
one vent tube on each side and have it rest in a level position. Begin packing more concrete
material around the vent tubes and work your way to the top of the liner pipe. Insert the last
vent tube at the 12 o'clock position.

7

Once the bulkheads have cured and hardened, the host culvert is ready
to be filled with lightweight cellular grout. This is pumped through the PVC
grout lines, filling the annular (ring-shaped) space between the liner and host.

Finally, face-off the initial bulkheads for a professional
appearance. Be sure to allow adequate time for the
bulkheads to cure before pumping grout.

CHAPTER 4

InnerFlow Pipe Joint Diagram
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8

Table 4.2 Installation Cable Requirements

Table 4.3 Cable Lengths

Diameter
(in)

Circumfrence (ft)

Cable Length
Req.

10.75

2.81

5

12.75

3.34

6

14

3.66

6

16

4.19

8

18

4.71

8

20

5.23

8

22

5.76

8

24

6.28

10

26

6.80

10

28

7.33

10

30

7.85

10

32

8.37

12

36

9.42

12

42

10.99

14

48

12.56

16

54

14.13

18

63

16.49

20

FT.

IN.

5
6
8
10
12
14
16
18
20

60
72
96
120
144
168
192
216
240
4' Ta

il

r
ete

"

30

am
Di

Table 4.4 Cable Lengths
Choker Cable Formula
OD of Liner Pipe x 3.14 ÷ 12 = Ft. Around Pipe
Add Length Needed for Tail-end
Example:
30” Liner Pipe x 3.14 = 94.2 ÷ 12 = 7.85 + 4 = 12ft. of Cable

Cable Lengths and Diameters
5/8" Cable x 5' Long

12" - 14" Liner Pipe

5/8" Cable x 6' Long

16" - 22" Liner Pipe

5/8" Cable x 8' Long

24" - 30" Liner Pipe

5/8" Cable x 10' Long

32" - 36" Liner Pipe

5/8" Cable x 12' Long

42" Liner Pipe

5/8" Cable x 14' Long

48" Liner Pipe

3/4" Cable x 16' Long

54" Liner Pipe

3/4" Cable x 18' Long

63" Liner Pipe

3/4" Cable x 20' Long
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10" Liner Pipe

Chapter 5
Grouting
Annual Space Grouting
Annular space grouting fills the ring-shaped void between
the host pipe and the newly installed lnnerFlow pipe. For
culvert rehabilitation, the primary goals of grouting are to
stop the leakage of water, prevent the movement of road
backfill materials, secure the liner in place, and reinforce the
existing culvert.
If bedding material has made its way into the culvert, grout
can be used to fill voids beneath the road base, effectively
stabilizing the surrounding soil and preventing possible
settlement or collapse of the roadway.
When installed properly, the grout also fills voids outside
the failing host pipe. This in turn will help prevent further
deterioration of the roadbed above the culvert or sewer.
Grout around the liner provides extra support, which
increases the collapse strength of the liner. Without any
grout in place, damage could occur to the InnerFlow liner if
the host culverts started to collapse, introducing the danger
of point loads, and localized deflection. The grout also
supports the existing culvert and helps to evenly distribute
backfill and vehicle loads.

CHAPTER 5

In fact, grout is the main structural component of a
rehabilitated pipe system: the liner isn't required to
contribute much in the way of structural strength. The
liner's primary function is to provide a smooth hydraulic
surface with improved flow characteristics.
Deciding If Grout Is Required
For slip-lined culverts, if the host pipe is structurally sound
and there's a very small annular space between it and the
InnerFlow pipe, the cost and effort required to grout may
outweigh the benefits. And putting grout into such a small
space could require pressure injection, which might cause
joint leakage or damage to the InnerFlow liner.
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Grout is generally required if the host pipe is about to
fail or has failed already. Signs of this would include
corrosion in metal pipes or the separation of joints in a
metal or concrete culvert (either box structure or pipe).
Available Types of Grout
The definition of grout now includes any of a variety of
concrete and organic compounds used to fill masonry
joints or the space in or around pipes and liners. Usually,
the project owner will specify the required grout design
– but cellular grout is generally the preferred material.
Lower densities are typically specified, as these grouts
limit hydrostatic loads on the liner when they're being
placed.
Portland cement formulations or "flowable fill" make up
the main class of non-cellular grouts. These have many
applications, including the in-place grouting of liners.
Specifications for flowable fill grouts are included in the
Department of Transportation statutes for most states.
Flowable Fill
Flowable fill grout consists of a mixture of water, sand,
and cement – sometimes with chemical admixtures
to give certain properties to the mix. A low-cost
cementitious material called "fly ash" may also be used
as a substitute for some of the cement content. Fly ash
has the quality of improving certain properties of the
resulting grout mix.
The density or unit weight of flowable fill grout typically
ranges from 130-135 pounds per cubic foot (pcf).
Project specifications often refer to the amount of
cement added to each cubic yard of the grout mix.
This is usually expressed as 3-sack, 4-sack, or 5-sack
flowable fill, using the yardstick that a sack of cement
weighs 94 pounds. So a 5-sack mix would have 470
pounds of cement per cubic yard of grout.

"We purchased and installed InnerFlow for
the first time this fall, and it could not have
gone smoother. My sales rep was quick
and as pleasure to work with, and delivery
was faster than I expected. It was super
easy to snap the joints together and took
less equipment and effort than any other
mechanical joint pipe I have installed. I
look forward to working with them on
future projects.”
- Reggie Cooley, Project Manager

Reduced Density Flowable Fill
Higher density grouts run the risk of hydrostatically
overstressing the HDPE liner.
Commercial chemical “bag mixtures” use a chemical
reaction to introduce gas bubbles and voids into a
flowable fill mix, and can reduce its density to the
region of 100 pcf (lb/ft3), depending on the type of
sand and cement being used. This is something of an
upper limit, as cellular grouts with a unit weight less
than 100 lb/ft3 are very difficult to achieve using this
formulation method for a wet cast. Without a foaming
generator, it's difficult to introduce enough air into a
flowable fill mix to create a target wet cast density
between 40 lb/ft3 and 75 lb/ft3.
Higher grout densities make it more likely that the
annular space grouting will have to be performed in
lifts. This limits stresses in the liner.

Because of this, grout mixtures used to fill annular
spaces where the wet cast density exceeds 75 lb/ft3
should be independently evaluated before installation.
And the commercial admixture manufacturer should be
directly consulted for their input.

Cellular Grout Mixes
Cellular grouts are low density mixes consisting of
water and cement (or cement, water, and fly ash).
They use a foaming agent to introduce a large volume
of macroscopic air bubbles. This foaming agent is an
admixture which greatly reduces the density, or unit
weight, often resulting in an air content of 40% or
more in the finished product. To achieve such a high
percentage of air, a foam generator unit is usually
required.
Without a foam generator, higher density grout mixes
are obtained. These typically record a maximum air
content of 20% to 30%, because the churning action
of the truck mixer is all that produces the additional
air. The air bubbles remain in suspension long enough
for the cement paste to cover them and begin to set.
In terms of materials, these air bubbles replace the
solid aggregates (such as gravel) that feature in other
concrete products.
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Some admixtures are exothermic – they generate heat,
which will raise the curing temperature of the grout.
Higher curing temperatures decrease the allowable
loads recommended for a liner.

Whatever grout density is used, hydrostatic pressures
should always be considered before creating or
injecting the required mix.

Cellular grout mixes have a compressive strength
ranging from 200 pounds per square inch (psi) to well
over 1,000 psi. This is usually higher than the strength
of the bedding soil that was originally around the host
pipe.
www.culvertrehab.com | 1.765.388.2144

23

During their "plastic" stage, cellular grout mixes can be
designed with wet densities ranging from 30 pcf to 80 pcf.
These lower densities apply less hydrostatic pressure on
the InnerFlow liner. In addition, the grout can travel longer
distances in the slip-lined pipe system while flowing through
the holes or separated joints of the host pipe, thus filling the
voids in the surrounding bedding material.
Unit Weight or Density
The density or unit weight of a grout mix is the weight
in pounds of a certain volume of the material – often
expressed in pounds per cubic foot, or pcf. Unit weight is
typically measured by completely filling a one-half cubic foot
metal bucket with grout material, striking the surface level,
then weighing the bucket. The weight of the empty bucket
is subtracted, and the result multiplied by two, to give the
density in pcf.

Measurement is made by taking a grout sample and filling
a cylindrical container – typically a mold of 4” in diameter
and 8” in height. This sample is tested in a compressive
strength test apparatus. As described in ASTM C1019, the
testing is conducted in pre-determined time increments,
e.g., for sample batches of 1 day, 3 days, or 7 days.
In truth, virtually any grout will have a compressive strength
greater than the original soil surrounding a host culvert,
and the density of material is the most important factor.
But as the density of a grout mix increases, so does its
compressive strength.

Air Content
Air content is determined by the amount of air injected into
a grout mix, as a percentage of its total volume. Air bubbles
in a grout mix make for a better flow of the material, and
give increased resistance to the damaging effects of
temperature fluctuations in a freeze/thaw environment.

Selecting the Grout and Its Use Cases
A thorough analysis should be made of existing conditions
on site, before selecting the type of grout and InnerFlow
liner. Consultation and/or engineering analysis may be
required prior to selecting the materials to be used for
culvert or gravity-flow pipe applications.

Some chemical admixtures can trap air around sand
particles in the mix. These macroscopic air bubbles will
typically add 3-5% to the air content.

Condition of the Host Pipe
The state of the existing pipe will have important
implications for liner and grout selection. If the host pipe
has lost its ability to withstand soil and highway loads,
the liner and grout will have to compensate for this lack of
load-bearing capacity.

Foam generators can introduce up to 70% of air, and
can be used to design high air content mixes for specific
applications. Here, air bubbles are attached to the
cementitious particles in the mix, giving the grout a foamy
consistency. These high air content grouts can flow over
longer distances and through smaller spaces than standard
mixes.
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Compressive Strength
A grout's compressive strength is the amount of
compressive force that the material can resist after it has
set.

Viscosity or Thickness
The thickness or viscosity of a liquid gives a measure of
its resistance to flow. Low viscosity is generally desirable
for grout mixes, as this enables them to move more easily
through the annular space between a host pipe and the
InnerFlow liner.
The viscosity of a grout mix should be measured using a
flow cone, as described in ASTM C939.
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If the host pipe is in good condition, grouting of the annular
space may not even be necessary. A thorough assessment
of conditions on the job site should, however, be made, to
establish whether grouting will be beneficial or not.
Length of the Host Pipe
With shorter pipe lengths (around 40 feet or less), most
standard grout mixes may be used, so long as low
pressure is maintained throughout their installation.
Exploiting ground elevation and the effects of gravity can
ease grout installation over shorter runs of pipe, depending
on the viscosity of the material.

As the host pipe length increases, the amount of pressure
Larger annular spaces (where the diameter of the InnerFlow
needed for grouting the annular space may also rise, unless liner is considerably less than the host pipe) also benefit
the viscosity of the grout mix is adjusted to compensate.
from the use of lower density grout mixes. Higher density
mixes tend to apply more pressure to the liner during
Volume of the Annular Space
installation, increasing the risk of damage.
The ring-shaped area between the InnerFlow liner and the
existing pipe will also have an influence on grout installation. Flotation Issues
A smaller annular space may require greater pressure, and During the grouting process, unless the HDPE InnerFlow
will generally be harder to fill than a larger one.
liner is held down in some way it will tend to float toward
the top of the host pipe. This may cause degradation or
With a small annular space, a high-flow low-density grout
deformation of the liner, and affect the free flow of water
should be injected under low pressure (less than 2 psi). The through the lined pipe.
density of the grout should be kept as low as possible to
reduce the risk of hydrostatic collapse of the liner during the Various options are available to deal with this concern. For
grouting operation.
starters, the selection of a lower density grout will reduce
the forces causing a liner to float. Attaching wood, plastic,
Portland cement grouts with fine aggregates like sand often or metal blocks along the inner surface of the host pipe
require higher pressures to flow over longer distances.
or across the top of the liner will also reduce the flotation
Besides the excess pressure, these grouts also present
tendency. This is known as bridging, or blocking. Attaching
the risk of having sand settle out of the mix and into the
runners to the bottom of the liner will stabilize and center it
fill tubes. This can lead to partial blockage or even total
in position.
clogging of the fill tubes. For this type of grout, multiple
insertion tubes should be placed at various lengths within
Bags of sand or other materials may be used as ballast to
the annular space to lower the force required for installing
weigh down the liner, and counteract the buoyancy factor.
the grout.
Partly or fully filling the liner with water during the grouting
operation will have a similar effect. Since HDPE pipe has a
density very close to that of fresh water, fully submerging
the pipe effectively neutralizes the tendency to float.

CHAPTER 5
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Changes in Elevation
A steep slope or large change in elevation between the
ends of a pipe will increase the pressure on the liner, and
on any bulkhead positioned at the downstream end of the
host culvert. A difference of five feet between ends may be
considered the critical maximum. Beyond this, the method
of grout installation should be re-evaluated to prevent
hydrostatic collapse of the liner.

Table 5.1 Ovality Compensation Factor, ƒe

To guard against liner collapse, leakage at the bulkhead,
and other problems, it's best practice to grout in lifts.
Changes in elevation can, however, be a plus. For example,
gravity may be exploited to provide pressure for grouting
short runs of pipe, with grout mixes of lower viscosity. Note
that as the length of pipe increases, the amount of pressure
required for grouting the annular space will also rise.
Calculating Allowable Loads & Grouting Pressures
The following equation may be used to determine the
allowable load on the InnerFlow liner:

CHAPTER 5

Where:
PWU = allowable unconstrained pipe wall buckling pressure, psi
DR = Dimensional Ratio
E = apparent modulus of elasticity of pipe material, psi
ƒ0 = Ovality Correction Factor, Figure 7.1
Ns = safety factor
I = Pipe wall moment of inertia, in4/in
μ = Poisson's ratio
DI = pipe inside diameter, in
The Plastics Pipe Institute (PPI) publishes a guideline for
the design of grout mixes. The PPI provides an industryestablished modulus for a PE3408 material of 62,000 psi,
based on a 10-hour load at 73 degrees Fahrenheit. Under
these conditions, most grouts will provide structural support
due to curing.
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*Ovality compensation factors and buckle equation
presented in PPI Handbook of Polyethylene
Industry standards also base calculations on a 0.45
Poisson’s ratio, and an assumed deflection of 3% in
the HDPE liner. Using Figure 5.1, this would result in an
ovality factor of 0.76.
State of the Existing Culvert
The condition of the existing culvert will have the greatest
impact on the type of grout that should be used to fill the
annular space.
Table 5.2 provides a "rule of thumb" guideline that can
be used as a starting point for grout selection.

Condition
of Host Pipe

Table 5.2

Failed or
Failing

Length of
Host Pipe (LF)

Density
Range (pcf)

Good

3-Sack Density Fill

130-135

X

Reduced Density
Flowable Fill

90-120

X

X

X

X

Cellular Grout

40-80

X

X

X

X

50-125

>125

X

The Grouting Operation
Preparation
Cleaning the host pipe or sewer is essential to the grouting
process, to ensure that voids around the host pipe can
be filled. Once cleaned, the existing culvert should be
inspected to establish the following:
• The point of entry for the grout
• The length of the culvert
• Slope of the culvert
• The presence of any holes or gaps in the joints,
• Any evidence of voids surrounding the culvert
• The surrounding work area
• Determine if Traffic control issues exist
• Any separation of joints
• Environmental or Site concerns
Injection Point for Grouting
Grout may be pumped under low pressure into the annular
space between the InnerFlow liner and a host pipe, or
allowed to flow in by gravity. The mix may be introduced
through injection ports inserted via the bulkheads, or
through a hole or holes cut into the top of a metal culvert
pipe behind the bulkhead, or through ports in the liner pipe
if custom installed. This can happen at one or both ends
of the culvert.

X

Light
Traffic

Heavy
Traffic

X

X

X

X

X

X

To determine the total length that the grout must cover,
measure the change in elevation and the total distance
between the inlet and outlet of the culvert. These figures
will also have an influence in designing the grout mix,
calculating the number of fill or vent tubes, and choosing
the method of grout injection.
Corrosion Holes or Separated Joints in the Culvert
Voids in the soil bedding surrounding the original culvert
structure may have resulted from any corrosion holes or
separated joints observed in the host pipe. To fill these
voids, extra grout will be required, beyond the volume
calculated for filling the annular space. This additional
volume should be estimated.
It's possible that corrosion or separated joints may create
obstructions along the internal diameter of the pipe. If so,
these should be removed to prevent any obtrusion during
the slip-lining process.
Using Blocks or Skids to Center the Liner
If the InnerFlow liner is to be grouted or if there is ground
water on site, flotation may become a problem. To prevent
this, blocks or skids may be positioned around the culvert
to center the liner. These will usually be installed in an
offset staggered pattern, with spaces between the blocks
or skids to allow unobstructed flow under and around
the liner.
The construction of blocking assists in maintaining or
creating the preferred flow line, and also prevents the
flotation of the liner pipe during the grouting process.
The blocks used are usually four to eight feet in length.
Their thickness is determined by the difference in internal
diameter between the culvert and the liner.
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Culvert Length & Elevation Differential
If there is an elevation difference of less than ten feet,
gravity may be used to provide the static head pressure
required for grouting short runs of pipe up to 60-80 feet
in length. The amount of pressure required may rise as
the length of pipe increases – and flow rates will also be
affected by the viscosity of the grout material.

<50

Culvert
Circumstances

The choice of bulkhead material will depend on the job
site conditions, the type of grout specified for the job, and
availability.
Best Practices for Grout Injection
Calculations should first be performed to determine the
amount of grout required to fill all areas of the annular
space, and thereby ensure a successfully rehabilitated
culvert or sewer.

Blocks are typically installed in the top 120 degrees of a
culvert. The first block is often installed at the 11 o’clock
position, then a space of four feet is left before the second
block is installed at 12 o’clock. Another space four feet in
length is left before the third block is installed at 1 o’clock.

Skids along the upper surface of the culvert must have
enough structural strength to resist the buoyant force
created as the liner is grouted in place. Wood and solid
plastics are the most appropriate materials for this.
The grout should be injected into the annular space in a
slow and controlled manner, giving the material time to flow Grout may be injected in a staggered sequence, using
along the pipeline and permeate though any holes or joint multiple points on each side of the InnerFlow liner to
gaps in the host pipe. When a low density or cellular grout prevent it from moving off-center during the grouting
material permeates in this manner, it will fill the void space operation. This ensures an even distribution of grout on
resulting from eroded bedding soil around the host pipe.
both sides of the pipe.
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Once soil voids are filled and the bedding soil is replaced,
Blocking may also be used to bridge any gaps created by
grout will continue down the pipe length and slowly fill
separated joints in the existing host pipe. This will aid in
the annular space between the liner and host pipe. This
the slip-lining process, and help prevent the InnerFlow liner
process will take time – emphasizing the need for patience!
from catching on any gaps in the disjointed sections.
In conjunction with blocking, pump-ports (usually of PVC
Whenever possible, gravity should be exploited to help
pipe) are installed to allow access to the annular space
in placing grout into the annular space. Pumping may,
once the bulkheads are constructed. The lengths of these
however, be necessary in some applications. Pump
pressure will move the grout from the mixing tank, through pump ports will vary, depending on the length and size of
the injection port, and into the annular space. For longer
the host and liner pipe.
culverts, multiple sections of injection pipe in various
lengths may be used to deliver grout further into the
Venting Excess Air with Ports
culvert.
Depending on the site conditions, vent ports should be
positioned at strategic locations though the bulkhead or at
Typically, the pumping pressure should not exceed 2 psi.
the top of the host pipe. Unless grout is to be inserted into
Grout pressures and the liner pipe should be continually
the annular space through a hole large enough to serve
monitored during the grouting process – and pumping
as both feeder and vent, a minimum of one vent port is
should be halted immediately if deformation of the liner
recommended, in addition to the grout injection ports.
pipe occurs.
When grout exits the injection pipe, its pressure quickly
dissipates to zero. If a back pressure is noted by the pump
operator, pumping should be stopped immediately.
Excesses in pressure should also be guarded against.
Excessive pressure within the annular space or on
the outside of the culvert liner can cause a number of
problems, ranging from grout leaking through the joints to a
catastrophic failure of the liner pipe.
Careful planning, patience, and close monitoring should
be the watchwords throughout the entire grout injection
process.
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By venting excess air, these ports help to prevent pressure
build-up in the annular space. They also serve as grout
verification points. Vent ports situated at the bottom of a
bulkhead will help drain any water that exists in the annular
space during the grouting operations.
Once grout begins to flow out of the vent port openings,
measures must be taken to adequately close them off.
Bulkheads
Bulkheads are constructed to hold the grout within the
annular space until hydration occurs, and the grout material
hardens. A stiff grout mix, low-slump concrete, wood,
Oakum water-activated urethane rope, soil, and other
materials may be used for this purpose.

Grout Verification
Short lengths of pipe placed through the bulkheads can
serve as ventilation ports and observation points for
monitoring the grouting process. Once all the excess air
has escaped from the system and grout begins to issue
from these pipes, they can be capped to stop the flow. A
verification pipe with a threaded end which extends from
the bulkhead can be easily sealed with a matching cap.
Quality Control
The unit weight or mass of the grout being placed is the
critical property which needs to be monitored throughout
the grouting operation. Since the grout is essentially
intended to replace the bedding soil surrounding the
existing pipe, its physical qualities are vital to the success
of the rehabilitation project.
As we've already observed, grout density or unit weight
has a greater effect on the performance of the installed
liner than the compressive strength of the grout material.
A calibrated unit weight bucket, a tool to level (strike off)
the surface, and a scale should be used to measure grout
density.
Prior to injection of grout into the annular space, testing of
the mix should be conducted, in accordance with
ASTM C138.
If The Bulkheads Start Leaking...
Grout within the annular space of a slip-lined pipe exerts
pressure on the walls or bulkheads constructed at each
end of the culvert. Constructing an end wall strong enough
to withstand the internal hydrostatic pressure of the grout is
the best way to guard against bulkhead leakage. For most
projects, a wall with a thickness of 18” to 24” should be
adequate.

Grout
If no grouting specialist arrangements have been
negotiated, grout and the material used to construct the
culvert bulkheads may be obtained from a local batch
plant or concrete ready mix supplier near the project
site. Cement, sand, water, and the equipment needed
to measure and mix the components will typically be
available from these facilities. To ensure that material of the
appropriate density is used, a mix design may be specified
which the supplier should follow.
Grouting specialist contractors operate in some areas, and
are able to provide grout mixtures, pumping apparatus,
and the labor required to install the grout on site.
Chemical Admixtures
The chemical admixtures typically used in grout preparation
include macro air-entraining agents, retardants to delay the
hydration of cement in the mix, and foaming agents that
increase the volume of air in a grout mix.
There are many national and regional manufacturers of
admixtures and foaming agents. Many of the companies
can provide foam generation equipment for use in creating
cellular grouts. They may also provide technical support
and advice on the proper use of their products.
Grout Pumping Equipment
Rotor/stator or squeeze pumps are most suitable for
rehabilitation grouting applications. Piston pumps or other
models can be used for grouting annular spaces, but they
may force air out of the grout mixture, increasing its density.
Mix Design
Grout mixes should be designed on a case-by-case basis.
Mix design will be determined by the type of grout selected
for the project, such as cellular grout, flowable fill, or
reduced density flowable fill.
Flowable Fill
The various sources for the materials making up a flowable
fill – cement, sand, water, fly ash, and chemical admixtures
– will have an effect on the specific gravities of those
materials. Specific gravity is used to calculate the absolute
volume of each material in the mix. This volume is in turn
used to calculate the total yield of the batch.
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Walls may be built from a cementitious material such as
concrete or a stiff grout mix, but these run the risks of
drying and shrinkage. To guard against this, a quick-set,
non-shrink grout material may be used. A thin layer of this
material should be applied to the cured bulkhead or end
wall before starting the main grouting operation. With a
typical setting time of 15 minutes, this exterior coating will
help plug any existing cracks in the bulkhead, or fill any
gaps between the end wall and the grout insertion tubes or
vent ports.

Sourcing Materials

Table 5.3 Super Fluid - Anti Flotation Grout
EACH YARD ORDERED MAKES 2.67 YARDS
MIX #150 PSI+
PER YARD MIX DESIGN
Cement
Fly Ash
Water
Sand

16.7 bags
0.0 lbs
133.0 gal
215.0 lbs

MIX

Weight Before Foam

WEIGHT
1572 lbs
0 lbs
1109 lbs
215 lbs
2896 lbs

27.08 CF Before Foam
1.00 CY Before Foam

108 lbs

45.0 CF

Weight After Foam

3004 lbs

72.08 CF After Foam
2.67 CY After Foam

Unfoamed Density
Foamed Density

106.9 lbs/CF =
41.7 lbs/ CF =

21.0 lbs per 6”x12” CYL
8.2 lbs per 6”x12” CYL

Foam

45 CF

0.77

Water to Cement Ratio Including Foam H2O

Void to Powder Ratio
Sand to Cement Ratio
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8.0 CF
0.0 CF
17.8 CF
1.3 CF

VOID

NET QUANTITIES PER YARD AFTER FOAMING
MIX
Cement
6.3 bags
Fly Ash
0.0 lbs
Water
49.8 gal
Sand
80.5
Foam
16.9 CF
41.7 LBS/CF AFTER FOAMING

5.63
0.14
WEIGHT
588.8 lbs
0.0 lbs
415.5 lbs
80.5 lbs
40.5 lbs
1125 lbs

VOID
3.0 CF
0.0 CF
6.7 CF
0.5 CF
16.9 CF
27.0 CF

*NOTE: The above mix design is confidential and was developed by InnerFlow Pipe Systems, and does not
have add mixtures included. InnerFlow Pipe Systems makes no statement on strength if used by any others.
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Table 5.4 Cellular Grout Mix - 40lb/ft3 using Foam Generator
Component
Type III Portland
Cement

6,950

Units

Weight (lbs)

Volume (Yd3)

lbs

6,950

1.4

Water

418

Gallons

3,488

2.0

Foam

179

Cu./Ft.

716

6.6

11,154

10.0

Mix Totals =
Net Wet Cast Density =

Table 5.5 Foam Instructions
Component
Varimax HS-320

61.71 Oz

Water

82.87

Mix together and run through foam
generator for 8 minutes and 8 seconds

41.3

lb/ft3

Reduced Density Flowable Fill
An admixture may be introduced to reduce the density of a flowable fill.
Depending on the product being used, the specially formulated densitylowering admixture may be made at the mix plant or at the job site, before
its addition to the grout mix.
Poured directly into the concrete mixer after batching, these admixtures are
designed to generate air contents of 15% to 25% in the grout mix. They are
typically used on grout mixtures with a density in excess of 100 lb/ft3.
Cellular Grout
A mixture of sand, cement, and water – or cement and water alone – may
be used to make a cellular grout. As with flowable fills, a proportion of fly
ash may be added to replace some of the cement and reduce the overall
cost of the grout.
To increase the air content, a liquid foaming agent may be added at the job
site. The foam is produced by an air-foaming generator, and discharged
directly into the concrete mixer. Progressive unit weight measurements
should be taken with varying additions of the foaming agent until the desired
unit weight of the grout mix is obtained.
Without a foaming generator, cellular grouts with a density below 100 lbs/ft3
are difficult to achieve.

CHAPTER 5
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Chapter 6
Handling and Storage
The Unloading Site
A site suitable for the off-loading of materials should be
level and large enough to accommodate the delivery truck,
its movement, and any handling equipment, with space for
temporary load storage.

To reduce stresses on the spigot and bell ends of the
stored pipes, supports should be at least three feet away
from each end. In addition:

For long-term storage, the site should have a smooth, level
surface and be big enough to allow for piping components,
handling equipment, and room to navigate around them.
Pipes should be protected from large angular stones,
debris, or any other material that might damage them
or their components, or interfere with efficient and safe
handling.

•

Depending on the environmental conditions and type of
project, several staging or storage sites may be required
along the right-of-way. In any event, the unloading site and
its layout should protect against physical damage to the
project components.
Flooding is always a concern, and the unloading site and
storage location should provide facilities to restrain the
movement of the pipes, should large volumes of water
be present. Four-inch wide wooden dunnage or similar
materials may be used for this purpose. Intermediate
supports or dunnage boards may be inserted as the
pipe diameters get smaller or as pipe lengths increase.
These will help to maintain clearance for forklift
trucks or lifting slings.

•

•
•

Pipes should be protected from direct impact with solid
objects.
Pipes should be elevated while they're handled – no
dropping of the ends on the ground!
Resting the pipes against other surfaces should also
be avoided, as this introduces potentially destructive
stresses on the pipe material.
Machined ends should be guarded against damage
or deformation, to ensure a proper snap and seal joint
between each connected pipe length.

Limiting Storage Heights
Pipes are routinely distributed in strapped bundles or
strip load packs, and this packaging method should be
preserved on the storage site. On broad and level terrain,
bundles or strip load packs may be stacked evenly to an
overall height of about five feet. For rougher landscapes,
the maximum stacking height should be about three feet.
Before individual pipe lengths are extracted from bulk
packs or strip load packs, the pack should be removed
from the storage pile, and placed carefully on the ground.
Pipes delivered individually may be stacked in rows, and
laid out straight without crossing or entangling each other.
The bottom row of pipes should be blocked to prevent
shifting or sideways movement.

CHAPTER 6

Foreign matter and debris should be prevented from
entering the interior of any stored pipe.
Unloading of Pipes, Fittings, and Special Fabrications
Lifting equipment and wide fabric slings or chokers may be
used to offload unbundled pipes and non-palletized fittings
or special fabrications. These items may also be carefully
extracted from the side with a forklift. Great care should
be taken not to push, roll, or drop these materials from the
delivery truck.
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Unloading is generally done using equipment that lifts from
the bottom of a load such as a forklift, or from above, like a
crane, side boom tractor, or extension boom crane. Lifting
of loads is typically done with equipment that employs
slings, or slings and spreader bars.
Unloading and handling equipment should be selected
and verified for its safe working condition, lifting/handling
capacity, and appropriateness for the material being
offloaded. Any unmanned equipment should be moved out
of the way and shut down when it's not in use.
Note that larger components of HDPE piping may be
quite heavy. So lifting and handling equipment must
have sufficient rated capacity to safely lift and move such
components.

The strapping and unstrapping of loads is a particularly
dangerous time, and all personnel should be on the
lookout for sliding or rolling pipes while close to trucks and
lifting equipment.

-Project Manager

Government safety regulations such as OSHA in the
United States or CCOSH in Canada generally apply to
Polyethylene piping product transportation and handling.
Any person handling or transporting HDPE pipes should
be made familiar with the conditions spelled out by these
rules.
Forks and Lifting Equipment
The lifting capacity of forklifts or forklift attachments on
equipment such as articulated loaders and bucket loaders
must be high enough to cope with anticipated loads at the
center of the fork. Having the weight-center of the load
farther out on the forks reduces this lifting capacity. Forklift
equipment is usually rated for a maximum lifting capacity
at a certain distance from the back of the forks.
Forks should be spread as far apart as practically possible
before lifting or transporting a load. The load should be
as far back on the forks as it can be, and fork extensions
should be added if necessary to spread the forks
completely under the load.
If the forks are too short or not spread far enough apart,
or if the load extends too far out from the ends of the
fork, the equipment may become unstable. It might pitch
forward or roll to the side, endangering people and/or
causing damage to the load and other property on site.
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Equipment handlers should be trained and preferably
certified in operating the equipment. Any relevant building
code conditions, safe handling, and operating procedures
should be observed. Personnel should be prohibited from
standing underneath a suspended load, or directly downhill
from a suspended load. In fact, anyone not actively
involved in the procedures should be excluded from the
loading and unloading zones.

"Nampa Highway Dist. 1 installed a
short InnerFlow liner pipe job on January
29th out on Middleton Rd. near Nampa.
I am happy to report that everything
went good and they liked our joint better
than the competitor’s joint.
The pipe went together without using
any heat on the joints in 37° weather."

To help stabilize the weight on load lifting equipment
such as cranes, side boom tractors, and extension
boom cranes, wide fabric choker slings should be
secured around the load, or attached to lifting lugs on the
component. This assembly should then be hooked above
the load-lifting equipment.
Wire rope slings and chains can slip or damage
components, and should therefore not be used. For lifting
pipes or components longer than 20 feet, spreader bars
should be employed.
During the material handling process, overhead utilities
(pylons, power cables, etc.) and obstructions should be
avoided. And before their use, slings and other lifting
equipment should be inspected for signs of wear and tear
that could impair their safe operation or limit their load
capacity.
Legal Requirements for Receiving Consignments
The driver delivering any consignment of materials or
components will expect the Bill of Lading to be signed,
confirming receipt of the goods. This is the point where
your site inspector should either confirm that the load was
received in good condition, or that omissions occurred
and/or damage to the material was sustained in transit.
Shipping claims (for physical damage, missing packages,
document discrepancies, incorrect products, etc.) must
be filed within seven days, or as dictated by the Standard
InnerFlow Terms and Conditions.
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Managing Environmental Conditions
During their manufacture, antioxidants, thermal and
UV stabilizers are introduced to protect HDPE pipe
products against deterioration due to exposure to sunlight
(ultraviolet rays), and weathering effects. At least 2% of
carbon black is used to limit the effects of UV attacks on
black HDPE pipes and fittings.
As a result of this, black HDPE pipes and fittings
are suitable for outdoor storage without covering or
other protection against UV exposure. However, other
environmental factors may affect products that have
been improperly stored for many years. The passage
of time may also result in product or manufacturing
improvements that render stored materials obsolete.
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Very low temperatures (near or below freezing) will
increase the stiffness of Polyethylene pipe, and reduce
its resistance to impact damage. Polyethylene pipe
remains pliable or ductile at temperatures below -40ºF. If
handling conditions are colder than this, more time should
be allowed for any installation procedures that require
bending or flexing of the pipe. Extra care should also be
taken not to drop the pipes or special fabrications, and
to keep handling equipment and any other objects from
banging or landing on the pipe with force.
Rain, ice, and snow can make pipe surfaces very slippery.
Workers and visitors to the site should be advised never
to walk along the pipes for this reason.
Inspection for Damage
Significant surface cuts, abrasion damage, punctures,
and other damage may occur during the handling and
installation of pipe material. Such damage can have a
significant negative impact on pipeline performance.
For many applications, the industry standard for
HDPE pipelines holds that damage should not exceed
about 10% of the minimum wall thickness required
for a pipeline’s operating pressure, or the minimum
wall thickness required to meet structural design
specifications.
For less severe instances of physical damage, some
remediation may be possible. For instance, sharp notches
and cuts can be dressed smooth the defect, while some
dull scrapes or gouges can be safely ignored. Minor
surface abrasions caused by sliding on the ground or
insertion into a casing may also be overlooked.
In gravity flow and low-pressure head operations like an
InnerFlow culvert rehabilitation, damage such as deep
gouges, cuts, or grooves may be assessed on a case-bycase basis. Any deeper gouges that don't penetrate to
the pipe's inner diameter and are expected to be covered
by the annulus grout may be considered acceptable. In
these cases, the InnerFlow liner will be carrying little or no
structural load.
Severe cuts, abrasions, tears, grooves, or punctures may
be repaired on site by using extrusion welding to fill the
damaged areas with HDPE material.

Chapter 7
Design!
Design Methodology
In this chapter, we'll consider the design methodology
for InnerFlow HDPE pipe in direct burial conditions, and
for slip-lining applications. Material properties, grout
properties, issues concerning backfill, and load conditions
will be taken into account.
The site engineer should verify backfill properties and
grout properties for specific projects and site conditions.
Direct Burial
In direct burial, InnerFlow is installed in embankment
conditions. The design procedure evaluates wall thrust,
deflection, buckling, bending strain, and combined strain
to establish limits for each condition.
The quality and strength of the backfill is the determinant
factor in designing for direct burial. Loads are transferred
to the backfill through the deflection of InnerFlow and
other flexible pipe materials.
The design methodology described in the sections
that follow is based on criteria set out in the American
Association of Highway Transportation Official (AASHTO)
Load and Resistance Factor Design (LRFD) Section 12.

The design engineer for the project has the responsibility
of establishing and verifying all of the variables that could
influence the behavior of the installed pipe.
Properties of the Pipe Section
When designing for the interaction between the existing
soil and an installed pipe structure, the following
properties of the pipe material should be considered:
• The moment of inertia of the wall profile (I)
• The distance to the pipe's neutral axis (c)
• The longitudinal section area of the pipe that's under
load (As)
• The stiffness of the pipe (PS)
Pipe stiffness is determined by measuring the force
required to deflect the pipe 5% of its internal diameter.
This value gives an indication of the pipe’s flexibility.
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Rehabilitated Pipe Systems (RPS)
InnerFlow is installed in an existing culvert, with the
placing of cementitious grout in the annular space
between the inner and outer pipes, for rehabilitated pipe
systems (RPS). The design procedure for RPS evaluates
grout thrust capacity, grout tensile strain, HDPE wall
thrust, deflection, buckling, bending strain, and combined
strain, establishing limits for each condition.

Design Factors
A number of factors will influence the response of an
installed pipe system to loading. These include:
• Physical properties of the pipe section
• Properties of the materials being used
• Installation conditions
• Properties of the backfill and/or grout
• The load situation

Design criteria for rehabilitated pipe systems are based
on the American Association of Highway Transportation
Official (AASHTO) Load and Resistance Factor Design
(LRFD) method.
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Properties of the HDPE Pipe Material
High density polyethylene (HDPE) is viscoelastic. This
means that when the material is subjected to a constant
force over time, the stress inside the plastic will decrease
– a phenomenon known as stress relaxation. When an
HDPE pipe is first subjected to a force that causes it to
deflect, the material will experience relatively high stress
levels that then rapidly decrease. With each deflection of
the pipe that follows, the material will experience a stress
that then decreases.

The long- and short-term properties of pipe material critical
to design are indicated in Table 7.1, which also shows the
properties used in the AASHTO LRFD design method.
Short-term material properties are used in designing for
H-25 vehicle loading, while the long-term properties are used
when analyzing long-term static loads.
The material used in manufacturing InnerFlow pipe exceeds
both the short- and long-term strength requirements
established for the corrugated HDPE pipe industry.

Table 7.1
Long- and Short- Term HDPE Properties @ 73° Fahrenheit
Young's Modulus, E
Grade of HDPE

Short-Term (psi)

Long-Term (psi)

Short-Term (psi)

Long-Term (psi)

Section 12 HDPE

110,000

22,000

3,000

1,440

Soil Properties for Direct Burial
The structural performance of an InnerFlow pipe under
conditions of direct burial depends on the soil-structure
interaction. This is the relationship between the pipe
material and its backfill envelope or embedment of
surrounding soil.

CHAPTER 7

Structural properties and the overall strength of the
backfill will be determined by the type of material used
(sand, gravel, clay, etc.), its level of compaction (standard
Proctor density), the dimensions of the backfill envelope,
and the native soil conditions. To obtain their required
strength, backfill particles which are large and angular
usually require less compaction than particles which are
smaller and rounder.
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Tensile Strength, Fu

Industry-standard requirements for backfill and embedment
have been set out in ASTM D2321 “Recommended Practice
for Underground Installation of Flexible Thermoplastic
Sewer Pipe.” Direct burial installations of InnerFlow should
be carried out in accordance with ASTM D2321 and
AASHTO Section 30. ASTM D2321 lays out additional
recommendations for the dimensions of the backfill envelope
and native soil.
The modulus of soil reaction (E’) or secant constrained
soil modulus (Ms) values are typically used to describe
the strength of backfill. Used in calculating deflection, the
modulus of soil reaction (E’) is an empirical value derived
by the Bureau of Reclamation. A range of typical values are
shown in Table 7.2.

Table 7.2 Modulus of Soil Reduction
Embedment Material Descriptions
ASTM D2321(1) Class

IA

IB

II

III

Densegraded, clean
manufactured,
processed
aggregates

N/A

N/A

Angular crushed
stone or other Class
IA material and stone/
sand mixtures; little or
no fines

GW

Well-graded gravel,
gravel/sand mixtures;
little or no fines

GP

Poorly-graded
gravels, gravel/sand
mixtures; littlee or no
fines

SW

Well-graded sands;
gravelly sands; little or
no fines

SP

Poorly-graded sands;
gravelly sands; little or
no fines

GM

Silty gravels, gravel/
sand/clay mixtures

GC

Clayey gravels, gravel/
sand/clay mixtures

SM

Silty sands, sand/silt
mixtures

SC

Clayey sands, sand/
clay mixtures

ML

Inorganic silts and
very fine sands, rock
flour, silty or clayey
fine sands, silts with
slight plasticity

CL

Inorganic clays of low
to medium plasticity;
gravelly sandy, or silty
clays; lean clays

OH

Organic clays of
medium to high
plasticity, organic silts

PT

Peat and other high
organic soils

Clean, coarsegrained soils

Coarse-grained
soils with fines

Inorganic finegrained soils

Angular crushed stone
or rock, crushed
gravel, crushed slag;
large voids with little
or no fines

Soil Modulus (E') for Compacted
Embedment (psi)

AASHTO
M43
Notation

Min. Std.
Proctor
Density (%)

Lift Placement Depth

Dumped

Slight <
85%

Moderate
85% 95%

High >
95%

5
56

Dumped

18"

1,000

3,000

3,000

3,000

57
6
67

85%

12"

N/R

1,000

2,000

3,000

Gravel
& sand
with
<10%
fines

90%

9"

N/R

N/R

1,000

2,000

N/R

N/R

N/R

N/R

Notes:
1.) Refer to ASTM D2321 for more complete soil description; 2.) Class IVA material many be acceptable for limited applications,
on InnerFlow Pipe Systems before using; 3.) Class IVB and Class V are not recommended for use with InnerFlow Pipe Systems
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IVA

Open
graded, clean
manufactured
aggregates

ASTM D2487 Notation

Embedment Placement

The secant constrained soil modulus (Ms) must be obtained through measurement in a laboratory, and is used for
most design calculations. Table 7.3 indicates a range of values suitable for design.

Table 7.3 Secant Constrained Soil Modulus, Ms

CHAPTER 7

Constrained Soil Modulus at Various Depths, Compaction
Class I

Class II

Class III

Crushed Stone

GW, GP, SW, SP

GM, SM, ML(1), GC and SC with
<20% passing the 200 sieve

Cover
Height

Compacted

Uncompacted

95%

90%

85%

95%

90%

85%

Feet

psi

psi

psi

psi

psi

psi

psi

psi

1

2350

1280

2000

1280

470

1420

670

360

5

3180

1440

2450

1440

510

1610

720

380

10

3900

1580

2840

1580

550

1730

750

400

15

4460

1660

3090

1660

590

1790

760

410

20

4980

1730

3270

1730

620

1840

770

420

25

5500

1800

3450

1800

650

1880

790

430

30

5900

1860

3610

1860

690

1920

810

450

35

6300

1920

3770

1920

720

1960

830

460

40

6700

1980

3930

1980

780

2010

860

480

45

7100

2040

4090

2040

790

2050

880

490

50

7500

2100

4250

2100

830

2090

900

510

55

7860

2180

4400

2180

860

60

8220

2260

4550

2260

895

65

8580

2340

4700

2340

930

70

8940

2420

4850

2420

965

75

9300

2500

5000

2500

1000

Notes:
1.) Ms values presented in the table assume that the native material is at least as strong as the backfill material. If the
native material is not adequate, it may be necessary to increase the trench width. Refer to ASTM D2321 for additional
information on over-excavation; 2.) Ms may be interpolated for intermediate cover heights.

Native soils meeting the criteria set out in Tables 8-3 and 8-4 are suitable for use as backfill. Other materials such as
flowable fill may also be used in direct burial, but may require specialist placement techniques.
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The Bedding Coefficient (K)
The value of the bedding coefficient (K) derives from the
support that a pipe receives from the bottom of a trench.
It can range from 0.083 (with full support in the haunch) to
0.11 (no haunch support).
For design purposes, a conservative value to use is
0.10, which will compensate for any inconsistencies in
the placement of haunch support. Haunching backfill is,
however, recommended as a best practice.
The Shape Factor (Df)
The shape factor (Df) relates the behaviors of a pipe under
deflection and bending. It is a function of the pipe stiffness,
type of backfill material, and the compaction level.

Table 7.4 Shape Factors, D1
Pipe Stiffness,
PS(3) pii

Gravel (1)

Sand (2)

Dumped to slight
(<85% SPD)

Moderate to High
(≥85% SPD)

Dumped to Slight
(<85% SPD)

Moderate to High
(≥85% SPD)

14

4.9

6.2

5.4

7.2

16

4.7

5.8

5.2

6.8

18

4.5

5.5

5.0

6.5

20

4.4

5.4

4.9

6.4

22

4.3

5.3

4.8

6.3

28

4.1

4.9

4.4

5.9

34

3.9

4.6

4.1

5.6

35

3.8

4.6

4.1

5.6

40

3.7

4.4

3.9

5.4

42

3.7

4.4

3.9

5.3

CHAPTER 7

Notes:
1.) Includes crushed stone, GW, GP, GW-GC, GW-GM, GP-GC and GP-GM materials
2.) Includes SW, SP, SM, SC, GM, GC or mixtures of these materials
3.) Interpolate for intermediate pipe stiffness values
4.) For other backfill materials, use the highest shape factor for the pipe stiffness
5.) Based on LRFD Section 12 Table 12.12.3.5.4b-1
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Grout Properties for Rehabilitated Pipe Systems (RPS)
Grout typically consists of a mix of cement, sand, water,
and a foaming agent, combined to give a cementitious
material that is flowable. Foaming agents or admixtures
are used to vary the density of a grout, and grout mixes
can vary substantially from project to project.
In rehabilitated pipe systems (RPS), grout design depends
on the compressive strength, elastic modulus, and strain
capacity of the cementitious material.

For design purposes, a conservative (and therefore
safer) approach is to use material properties observed in
unconfined conditions.
In grouts, the variation in properties is most closely related
to density, but other factors can have an effect. Table 7.5
lists typical grout properties for unconfined conditions.

With elastic materials, confining pressure has a significant
influence on the modulus, strength, and strain capacity.
For instance, an increase of 25 feet in burial depth results
in a 173% increase in the elastic modulus of a typical soil.
This kind of effect is also observed in grouts.

Table 7.5 Grout Design Properties
Density (lb/ft3)

Young's Modulus
(psi)

Compressive
Strength (psi)

Strain Capacity
(in/in)

30

43,200

55

0.13%

35

76,900

200

0.28%

40

110,500

375

0.34%

45

144,200

530

0.37%

50

177,900

690

0.39%

55

211,500

850

0.40%

60

245,200

1,010

0.41%

65

278,900

1,100

0.42%

70

312,500

1,300

0.43%

75

346,200

1,490

0.43%

80

379,900

1,650

0.44%

85

413,500

1,810

0.44%

CHAPTER 7

Notes:
1.) Design properties based on limited testing. Installations with a design safety factor of
less than 2 should perform testing to verify specific grout design properties.
2.) Compressive strength based on unconfined compressive strength.
3) Data for modulus and compressive strength is based on independent testing
performed by Metro Testing Laboratories.
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The Grout Modulus
Equation 7.1 demonstrates a linear analytical relationship
between grout density and elastic modulus. This linear
relationship was derived from unconfined compression
testing on grout densities ranging between 30 lb/ft3
and 85 lb/ft3.

Equation 7.1
Modulus as a Function of Density
Where:

E = 6,733ρ - 158,747

E = Modulus of Elasticity (psi)
ρ = Grout Density (lb/ft3)

Grout Strength
Under conditions of deep burial, the confining pressure
of the overburden on a rehabilitated pipe system can be
substantial. Grout may also be confined to some extent
by the host pipe. But for conservative grout design,
strength is assessed on the basis of an unconfined grout.
Equation 7.2 demonstrates the relationship between
density and unconfined grout strength.

Equation 7.2
Modulus as a Function of Density
Where:

σ = 31.926ρ - 900.98

σ = Unconfined Compressive Strength (psi)
ρ = Grout Density (lb/ft3)

Figure 7.1

Grout Strain
As is the case with most elastic materials, grout strength
and strain are proportional to the modulus. Equation 7.3
gives the unconfined strain capacity, with the modulus and
strength based on unconfined conditions.

Equation 7.3
Strength as a Function of Density
Where:

ε=σ
E

ε = Strain Capacity, in/in
σ = Strength (psi)
E = Modulus, psi

Loading Conditions
Loads are typically described as either live (imposed by
incidental forces), or dead (due to the weight of overlying
structures).
For pipes, the most common live loads are due to the
passing of vehicles. The weight of soil above and around a
pipe is the most common type of dead load encountered,
though groundwater, structural foundations, and other
types of dead loads peculiar to an area should also be
considered.
Vehicular Live Loads
The AASHTO wheel loading configuration illustrated
in Figure 8-2 is often used as the basis for calculating
vehicular loads. The figure shows an H-25 or HS-25
wheel loading (from a 25 ton semi-truck), with axle loads
distributed over a typical design wheel footprint, as defined
in LRFD Section 3.6.1.2.2.

CHAPTER 7
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Table 7.6 Live Load Data for
AASHTO H-25 and HS-25
At relatively shallow burial depths, the dynamics
of a vehicle can introduce additional forces onto
the pipe. The tire surface pressure must be
multiplied by an impact factor, to allow for this.
AASHTO has established a range of impact
factors from 1.3 at about one foot of cover to 1.1
at just fewer than three feet for highway loads.
At depths greater than three feet, impact has a
negligible effect. Table 7.6 provides information
on the resultant H-25 vehicular forces at various
cover heights, with an allowance for impact in
the shallow cover situations. Note that for H-20
vehicles, the H-25 live load transfer values shown
in Table 7.6 should be reduced by 20%. Table
7.6 also lists the live load distribution width for an
AASHTO H-25 or HS-25 load, to illustrate how
the intensity of the vehicular load decreases as
the burial depth increases.

AASHTO H-25 OR HS-25(1)
Cover, (ft)

Live Load Transferred
(psi)

Live Load Dist.
Width, LW (in.)

1'

15.63

31

2'

6.95

52

3'

5.21

73

4'

3.48

94

5'

2.18

115

6'

1.74

136

7'

1.53

157

8'

0.86

178

10'

negligible

N/A

Notes:
1.) Includes impact where necessary
2.) N/R indicates that the cover height is not recommended
3.) N/A indicates that the information is not applicable
4.) Information has been modified from Buried Pipe Design, Moser,
McGraw Hill, 1990, p. 34

During the construction process, some vehicles may need
to temporarily run over shallow culverts. Since construction
vehicles typically aren't as heavy as the H-25 design load, the
one-foot minimum cover allowance may be decreased during
the construction phase.
Table 7.7 shows the applied surface loads and associated
allowable minimum cover for temporary applications such
as light construction traffic. Note that after construction,
finished projects should always have the minimum cover
recommended in Table 7.7.
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Table 7.7 Temporary Minimum Cover Requirements for InnerFlow Pipe
DR 32.5 Pipe with Light Construction Traffic
Vehicular Load at Surface, psi

Temporary Minimum Cover, in. for
InnerFlow Pipe 10"-48" Diameters, (in.)

Temporary Minimum Cover, in.
for InnerFlow Pipe 54" and 60"
Diameters, (in.)

75

9

12

50

6

9

25

3

6
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Heavy construction traffic presents a risk to flexible pipe
buried at shallow depths. High surface pressure loads can
reduce the safety factors to below their recommended
levels. Because of this, two to three feet of cover should be
used over the pipe, in installations involving construction
vehicles ranging between 30 tons per axial and 60 tons per
axial. For heavier construction loads, a minimum cover of
three feet is recommended.
Additional cover is typically mounded and compacted over
the pipe during the construction phase, then leveled down
to the design grade after construction is complete.
Dead Loads
The prism or soil column load (WC), and soil arch load
(WA) techniques may be used to establish the dead loads
associated with the pipe's soil cover.
The Soil Column Load (WC)
The soil column load is defined as the weight of soil directly
above the outside diameter of a pipe at the height of the
pipe crown, and is used to calculate deflection.

To begin the analysis, the geostatic load must be calculated
from the weight of soil directly above the spring line of the
pipe, as illustrated in Equation 7.5.

Equation 7.5

Where:

Psp= geostatic load, psi
H = burial depth, ft
Υs= unit weight of soil, pcf
OD = outside diameter of pipe, in.

The second phase involves establishing the Vertical Arching
Factor (VAF), using Equation 7.6.

Equation 7.6

Where:

VAF = Vertical Arching Factor, unitless
Sh = hoop stiffness factor;
= φs Ms R / (E A)
φs = capacity modification factor for soil, 0.9
Ms= secant constrained soil modulus, psi
Where:
R = effective radius of pipe, in.
Wc = soil column load, lb/linear inch of pipe
= OD/2 - c
H = burial depth, ft
OD = outside diameter of pipe, in.
Υs = soil density, pcf
c = distance from inside diameter to neutral axis, in.
OD = outside diameter of pipe, in.
E = modulus of elasticity for polyethylene
A = section area, in2/in
Note that for flexible pipe, the actual soil load will be less
*Note: Consider your load duration in selecting the long or
than predicted by Equation 7.4, because of a reduction due short-term modulus. Dead loads use long term modulus.
to frictional or shear forces associated with the soil beside
Impact loads normally are short-term.
the soil column.
Finally, Equation 7.7 is used to calculate the soil arch load.
Soil Arch Load (WA)
The soil arch load (WA) analysis uses the concept of Vertical Equation 7.7
Arching Factor (VAF), to reduce the load proportional to
the stiffness of a pipe. The VAF reduction accounts for the
support provided by adjacent soil columns, and results in a
more accurate prediction of the actual soil load placed on
Where:
the pipe. The design method specified in AASHTO LRFD
WA = soil arch load, psi
Section 12.12.3.4 may be used to determine the soil arch
Psp = geostatic load, psi
load.
VAF = Vertical Arching Factor, unitless

Equation 7.4
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Hydrostatic Loads
If groundwater is present on site and expected above
the spring line, Equation 7.8 may be used to calculate its
hydrostatic pressure, which will contribute to the dead load
experienced by the pipe.

Equation 7.8

Where:

PW = hydrostatic pressure at springline of pipe, psi
Υs = unit weight of water, 62.4 pcf
Hg = height of groundwater above springline of pipe, ft

Foundation Loads
Structural foundations located above or near a pipe installation
will also introduce dead loads. Soil mechanics texts and
any available intelligence on existing structures should be
consulted, to enable the project engineer to factor these
additional dead loads into the design process.

Design Procedure for Direct Burial
The design procedure based on AASHTO LRFD Section
12 evaluates the critical failure mechanisms faced by
InnerFlow pipes in direct burial conditions. The factored
capacity and associated factored loading on the pipe
system are established in terms of:
• Wall Thrust
• Deflection
• Buckling
• Bending Strain
• Combined Strain
Load Factors
AASHTO LRFD Section 12 requires that load factors be
applied to pipes and other buried structures. These load
factors are “multipliers applied to force effects to account
for the variability of loads, lack of accuracy in analysis,
and probability of simultaneous occurrences of different
loads.” Recommended load factors are as indicated in
Table 7.8.
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Table 7.8 Load Factors
Load Combination
for Limit State

Earth Pressure Load

Water Load

Vehicle Live Load

Strength Limit I

0.9 - 1.95

1.0

1.75

Strength Limit II

0.9 - 1.95

1.0

1.35

Service Limit I

1.0

1.0

1.0

(ΥEV)

Resistance Factors
Resistance factors for thermoplastic pipe are specified in LRFD
Section 12 Table 12.5.5.-1, and are summarized in Table 7.9.
These resistance factors are "multipliers applied to nominal
resistance to account for variability in material, dimensions,
workmanship and uncertainty in predicted resistance,” as
specified in LRFD Section 12 Table 12.5.5.-1, and summarized
in Table 7.9.
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(ΥWA)

(ΥLL)

Table 7.9 Resistance Factors
Type of Structures

Resistance Factor
Unitless (φ)

Buckling

1.0

Flexure

1.0

Pipe

1.0

Soil

1.0

Table 7.10 Load Modifiers
Load

Modifier (η)

Redundancy

Earth Fill

1.05

None

Live Load

1.0

Redundant

Construction Load

1.0

Redundant

Thrust in the Pipe Wall
The wall thrust or stress in the pipe wall is derived from the
total live load and dead load acting on the pipe. For design
purposes, the pipe wall factored thrust resistance calculated
from Equation 7.8 should be equal to or greater than the
pipe wall factored thrust demand given by Equation 7.9 This
way, the thrust capacity of the pipe wall will be greater than
the stress demand placed on the pipe wall.
In the analysis of dead loads, long-term material properties
are used. Short-term material properties are used in live load
situations, such as installations with vehicular traffic and less
than eight feet of cover. The analysis in such cases includes
both live loads and dead loads. Design specifications are
governed by the more limiting of the two analyses.
LRFD Section 12.12.3.5 defines the factored thrust
resistance as:

Equation 7.9

Where:

Tcr = critical wall thrust, lb/linear inch of pipe
Fy = tensile strength of polyethylene, psi
A = wall area, in2/inch of pipe
φp = capacity modification factor for pipe, 1.0

Load Modifiers
Load modifiers make allowances for ductility,
redundancy, and operational importance. LRFD load
modifiers related to thermoplastic pipe design are
summarized in Table 8-11.

Equation 7.10

Where:

T = calculated wall thrust, lb/in
WA = soil arch load, psi (Eqn. 7.6)
PI = live load transferred to pipe, psi (Table 7.6)
CI = live load distribution coefficient
= the lesser of LW/OD or 1.0
LW = live load distribution width at the crown, in.
OD= outside diameter, in.
PW = hydrostatic pressure at springline, psi (Eqn. 7.7)

Deflection
For pipes, deflection is considered as the change in
diameter that occurs when a load is applied to a flexible
pipe. Typically, vertical deflection is more critical, and is
limited to 7.5% of the base inside diameter. The base
inside diameter is defined as the nominal diameter of the
pipe minus manufacturing defects and out-of-roundness
tolerances due to the manufacturing process.
As described in Equation 7.10, pipe deflection is a function
of pipe stiffness (PS), soil column load (WC), live loads (WL),
and backfill conditions (E’).

Equation 7.9 gives the pipe wall factored thrust demand.

CHAPTER 7
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Equation 7.11

Where:
Δy = deflection, in.
K = bedding constant, dimensionless, 0.10 (typical)
DL= deflection lag factor, dimensionless;
typically 1.0
WC = soil column load on pipe, lb/ linear inch of pipe
(Eqn. 7.4)
WL = live load, lb/linear inch of pipe
= (OD)(live load transferred to pipe)
OD = outside diameter of pipe, in.
PS = pipe stiffness, pii
E' = modulus of soil reaction, psi
Buckling of the Pipe Wall
The buckling capacity of a pipe wall (described in Equation
7.11) is a function of the pipe wall properties (A, I, and R), and
the installed conditions (MS). This capacity must be greater
than the yield stress (Fy = 1,440 psi) in order for the pipe to
have sufficient structural resistance.

Equation 7.12
Critical Buckling Stress

CHAPTER 7

Where:

fcr = critical buckling stress, psi
Ms = secant constrained soil modulus, psi
R = effective radius of pipe, in.
= OD/2 - c
OD = outside diameter of pipe, in.
c = distance from inside diameter to neutral axis, in.
E = modulus of elasticity for polyethylene
A = area, in2/in
I = moment of inertia, in4/in
Rw = water buoyancy factor

		
H = burial depth, ft.
		Hg = height of groundwater above springline
		
of pipe, ft.
φs = resistance factor for soil stiffness
B' = nonuniform stress distribution factor
Where:
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If the critical buckling stress of the pipe is less than the
yield stress, its compressive resistance to thrust (obtained
from Equation 7.8) must be recalculated using Fcr instead
of Fy.
Bending Strain
The bending strain of HDPE pipe material may be
determined from the empirical relationship between strain
and deflection described in Equation 7.13. A permissible
construction-induced deflection (∆C) has been allowed
by the AASHTO to account for construction-induced
deflections.

Equation 7.13
Pipe Deflection Due to Bending

Where:

Δ = deflection of pipe, reduction of vertical
diameter due to bending, in.
TL= factored wall thrust, lb/in
Δc = deflection of pipe, construction induced
deflection limit 5%
ΥP = load factor, vertical earth pressure, (or
fP = capacity modification factor for pipe)
A = wall area, in2/inch of pipe
E = long-term modulus of elasticity of
polyethylene, psi
Dm = mean pipe diameter, in.
= OD - 2c
c = distance from inside diameter to
neutral axis, in.

Once the total deflection due to bending (∆) is
established, the bending strain may be determined from
Equation 7.13. AASHTO has set the accepted bending
strain limit at 5%.

Equation 7.14
Pipe Deflection Due to Bending

Equation 7.16
Limiting Combined Compressive Strain

Where:

Where:

εbu = factored bending strain, in./in.
Df = shape factor, dimensionless
Δ = deflection, in.
ΥB = load factor, combined strain, 1.5
R = effective radius of pipe, in.
= OD/2-c
Where:
		
OD = outside diameter of pipe, in.
		
c = distance from inside diameter to 		
		
neutral axis, in.
		
Dm = mean pipe diameter, in.
		
= OD - 2c
Combined Strain (Bending Plus Compression)
In order for the combined strain (bending plus compression)
on an HDPE pipe to be within the limits set by LRFD
Section 12, the factored compressive strain obtained from
Equation 7.15 must be less than or equal to the combined
compressive strain calculated from Equation 7.16.

In addition, the factored tension strain determined from
Equation 7.17 must be less than or equal to the allowable
combined tension strain established from Equation 7.18.

Equation 7.17
Factored Combined Tension Strain

Where:

Equation 7.15
Factored Combined Compressive Strain

Where:

εtu = factored tension strain, in./in.
εbu = factored bending strain, in./in. (Eqn. 7.13)
TL = factored wall thrust, lb/in (Eqn. 7.9)
Υp = load factor, vertical earth pressure (or fp = 		
capacity modification factor for pipe)
ΥB = load factor, combined strain, 1.5
A = pipe wall area, in2/inch of pipe
E = long-term modulus of elasticity of 			
HDPE, psi (Table 7.1)

Equation 7.18
Limiting Combined Tension Strain
Where:

εtl = limiting combined tension strain, in./in.
ΥB = load factor, combined strain, 1.5
εt = allowable tension strain, in/in

CHAPTER 7

εcu = factored compressive strain, in./in.
εbu = factored bending strain, in./in. (Eqn. 7.13)
TL = factored wall thrust, lb/in (Eqn. 7.9)
Υp = load factor, vertical earth pressure (or fp = 		
capacity modification factor for pipe)
ΥB = load factor, combined strain, 1.5
A = pipe wall area, in2/inch of pipe
E = long-term modulus of elasticity of 			
polyethylene, psi (Table 7.1)

εcl = limiting combined compressive strain, in./in.
Fy = tensile strength of polyethylene
E = modulus of elasticity of polyethylene, psi
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Minimum Cover for Live Load Applications
Under the specifications for AASHTO H-25 or HS-25
loads, pipes with diameters of 10-48 inches installed in
areas with traffic 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. In addition,
the backfill envelope should provide a minimum E’ value
of 2000 psi.

Minimum cover is measured from the top of the pipe to the
bottom of flexible pavement, or to the top of rigid pavement.
Table 7.11 presents the condition for a Class II backfill
envelope compacted to 90% standard Proctor density.

Table 7.11 Minimum Cover for Direct Burial with AASHTO H-25 or HS-25 Load
Outside Diameter, OD, in.

Minimum Cover, H, ft.

Outside Diameter, OD, in.

Minimum Cover, H, ft.

10.75"

1'

28"

1'

12.75"

1'

30"

1'

14"

1'

32"

1'

16"

1'

36"

1'

18"

1'

42"

1'

20"

1'

48"

1'

22"

1'

54"

1.5'

24"

1'

63"

1.5'

Note: Minimum covers in this table were calculated assuming Class II backfill material compacted to 90% standard Proctor density
and a minimum of 12-inches cover above the crown.

ASTM D2321 contains additional information on factors
which may affect the cover requirement.
Maximum Cover Allowances
Wall buckling or deflection of a pipe typically governs
the maximum cover that it can withstand. The maximum
burial depth allowable is principally governed by the type
of backfill installed around the pipe.

CHAPTER 7

Maximum burial depth allowances for a variety of backfill
conditions are summarized in Table 7.12.
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Table 7.12 Maximum Burial Depths for Various Backfill Conditions
Class 1

Class 2

Class 3

Diameter

Compacted
(ft)

Uncompacted
(ft)

95% (ft)

90% (ft)

85% (ft)

95% (ft)

90% (ft)

85% (ft)

10"

65

10

65

37

10

38

13

8

12"

65

10

65

37

10

38

13

8

14"

65

10

65

37

10

38

13

8

16"

65

10

65

37

10

38

13

8

18"

65

10

65

37

10

38

13

8

20"

65

10

65

37

10

38

13

8

22"

65

10

65

37

10

38

13

8

24"

65

10

65

37

10

38

13

8

28"

65

10

65

37

10

38

13

7

30"

65

10

65

37

10

38

13

7

36"

65

10

65

37

10

38

13

7

42"

65

10

65

36

10

37

13

7

48"

65

10

65

36

10

37

13

7

54"

65

10

65

36

10

37

13

7

63"

65

9

65

36

9

37

12

7

Notes:
1.) Calculations assume no hydrostatic pressure and a density of 120 pcf for overburden material.
2.) InnerFlow Pipe may be installed deeper than 65 feet; however, the maximum cover calculations have been truncated at 65
feet for this table.
3.) Consult with a InnerFlow Pipe representative for burial depths deeper than 50 feet
4.) Culverts are typically installed in conditions where ground water is not a problem. If ground water is a concern, contact
InnerFlow Pipe for recommended installed burial depths.

So its contribution to the strength of the rehabilitated
structure is ignored for the sake of this analysis.
The factored resistance and associated factored loading
demand placed on the RPS are evaluated during
the design procedure, together with other criteria as
summarized in Table 7.13.

Rehabilitation is typically necessary because the host pipe
or existing culvert has become degraded, or shows signs of
structural distress.
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Design Procedure for Rehabilitated Pipe Systems (RPS)
Because of the composite structural nature of a
rehabilitated pipe system or RPS (host pipe, InnerFlow liner,
and a cementitious grout filling the annular space between
host pipe and liner), the design procedure is somewhat
complex. A combination of traditional engineering analysis
and analytical techniques such as finite element analysis
must be employed.

Table 7.13
Design Criteria for Rehabilitated Pipe Systems (RPS)
Pipe Design Criteria

Grout Design Criteria

Thrust Yielding

Comprehensive Strength

Global Buckling

Tensile Strain

Combined Strain
Tensile Strain
Deflection

The CANDE – 2007 Finite Element Analysis Model
Chapter 13 of the American Association of Highway
Transportation Official (AASHTO) Load and Resistance
Factor Design (LRFD) Bridge Design Specifications
(Reference 2) specifies load factors and resistance factors
to be used in the design of RPS components.

Loading Conditions
For dead loads, the system should be modeled for
conservative loading, so an embankment condition is
recommended. The CANDE analysis should also simulate
the condition of layers of soil loading above 1.5 diameters
of cover height.

AASHTO has also sponsored the upgrade of CANDE-2007,
a finite element computer program developed for the
structural design and analysis of buried culverts. The name
is derived from “Culvert ANalysis and DEsign”, and the
software is ideal for performing complex AASHTO LRFD
structure analysis.

Above that height, 2-psi increments of surface pressure are
applied to the system for each loading step. All the loading
steps are assigned a load factor of 2.05, which is derived
by multiplying the standard AASHTO earth load factor 1.95
and the redundancy factor 1.05.

To initiate the analysis, it's necessary to develop a level
three input file for CANDE by modeling the host pipe and
generating a level two mesh for the host pipe plus backfill.
The level two input file is then imported into a level three
input file, whose mesh topography is modified to include
the HDPE liner and grout.
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A full CANDE analysis may not be required for every
installation, but the general modeling assumptions
now described will provide guidance for project design
engineers.
Rings of Beam Elements
The CANDE model for an RPS soil-structure system
consists of a set of rings:
• A ring of beam elements for the host pipe
• A ring of beam elements for the InnerFlow HDPE liner
• A ring of continuum quadrilateral elements for the grout
• Two rings of frictionless interface elements between
the grout and the pipe surfaces (a conservative design
choice)
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These factored soil loads should be placed around
and over the rehabilitated pipe system in construction
increments until the factored weight of the overburden
soil causes structural distress to start in one of the RPS
components.
Loading in construction increments or as "new
construction" provides both a conservative design
approach and a best practice safety factor, as the soil
around the host pipe remains undisturbed and does not
produce earth loads in the liner or grout.
Analysis of the Host Pipe
In many pipe rehabilitation projects, the host pipe is
physically degraded, and in some locations may not even
exist. So, for the CANDE maximum burial depth analysis,
the material modulus and strength of the host pipe is
assumed to be negligible and reduced to 1 psi. This value
won't significantly affect the structural response of the
system, and allows for a conservative design analysis.

Importance of the Output Report
Despite providing the factored demand/factored-capacity
ratios for the HDPE pipes, CANDE does not have a built-in
design criterion for grout. So the output report must be
analyzed to determine the phase in construction at which
the grout loading exceeds its capacity. This will be the first
load-step where the factored demand to factored-capacity
ratio exceeds the value of 1.0 within the design criteria for
the grout and the HDPE liner pipe.
Grout Stress and Strain Analysis
With the grout confined between the host and liner pipes,
and the shear bond being modeled as frictionless, the
compressive strength and tensile strain of the grout
become the critical factors in a CANDE analysis.
The maximum burial depth for each of these criteria must
be determined, and the more limiting of the two will dictate
the maximum burial depth.
Compressive Strength of Grout
The maximum factored compressive or thrust stress in the
grout component of a rehabilitated pipe system is at the
spring line of the system, running in a vertical direction.
The CANDE output report calculates the stress and strain
in the vertical direction at each node – so the report must
be analyzed at each load step to determine at which point
the factored thrust at the spring line meets or exceeds
the maximum unconfined grout strength. This load step
corresponds to a particular burial depth that may be
considered as one possible limit state for the RPS.

Equation 7.19
Grout Tension Strain

Where:

Where:

εbg = grout tensile strain, in/in
DL = liner pipe location factor, unitless
εcg = compressive strain in grout
= compressive strain from CANDE at 			
springline node for grout, in/in
εbg = bending strain in grout, in/in

Υcg = load factor, 1.0
Dtg = shape factor of grout, 2.0
cg = distance to centroid of grout, in
Rg= effective radius of grout, in
Δ = deflection of plastic pipe from CANDE 		
output file, in
DMg = mean diameter of grout, in

Since the grout is poured in place, a load factor of 1 and
shape factor of 2 are conservative enough for the design.
In essence, the location factor doubles the grout strain to
account for installation, workmanship, and uncertainty.

Grout Tensile Strain
As with stress, the maximum factored compressive strain
in the grout component of an RPS is at the spring line of
the system in a vertical orientation.
The CANDE output report should be examined at each
load step to determine the compressive strain at the spring
line, as the software calculates the factored compressive
strain in the vertical direction at each node.
In addition, CANDE measures the deflection at each load
step. Its output report should therefore be examined at
each load step, to determine the deflection of the RPS.
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The empirical relationship between compressive strain and
deflection contained in Equation 7.19 may then be used to
determine the factored tensile strain in the grout.
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