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Designing Pipe for 
Drainage Systems

What is Required for Design?



Flexible PipeConcrete Pipe

AASHTO 12.10-Reinforced Concrete Pipe

12.10.1-General

The provisions herein shall apply to the 
structural design of buried precast reinforced 
concrete pipes of circular, elliptical and arch shapes.

The structural design of the types of pipes 
indicated above may proceed by either of two 
methods:

• The direct design method at the strength limit 
state as specified in article 12.10.4.2, or

• The indirect design method at the service limit 
state as specified in article 12.10.4.3

AASHTO 12.12-Thermoplastic Pipes

12.12.1-General

The provisions herein shall apply to the 
structural design of buried thermoplastic pipe with 
solid, corrugated, or profile wall, manufactured of PE, 
PP, or PVC.
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Flexible PipeConcrete Pipe

Direct Design:
Hand Calculations 
Software

Indirect Design:

AASHTO 12.12-Thermoplastic Pipes

12.12.1-General

The provisions herein shall apply to the 
structural design of buried thermoplastic pipe with 
solid, corrugated, or profile wall, manufactured of PE, 
PP, or PVC.

www.concretepipe.org
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Flexible PipeConcrete Pipe

Design Complete!

AASHTO 12.12-Thermoplastic Pipes

12.12.1-General

The provisions herein shall apply to the 
structural design of buried thermoplastic pipe with 
solid, corrugated, or profile wall, manufactured of PE, 
PP, or PVC.
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Design Complete!
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Design Complete!
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Design Complete!
CONCRETEPIPE.ORG



Concrete Pipe Flexible Pipe

Design Complete!
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Design Complete!
CONCRETEPIPE.ORG



Flexible PipeConcrete Pipe

Design Complete!
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Design Complete!
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Flexible PipeConcrete Pipe

Modified Iowa Formula

Deflection =
Load

Pipe Stiffness + (Constant) (Soil Stiffness)

 y =
1000K (DL WC + WL)

0.149 PS + 0.061 E’

For 48” HDPE, 12 ft. cover, HL-93 Live Load 

with PS=18 psi and E’=1,000 psi

Design Complete!
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Flexible PipeConcrete Pipe

Modified Iowa Formula

Deflection =
Load

Pipe Stiffness + (Constant) (Soil Stiffness)

 y =
1000K (DL WC + WL)

0.149 (18) + 0.061 (1000)

For 48” HDPE, 12 ft. cover, HL-93 Live Load 

with PS=18 psi and E’=1,000 psi

Design Complete!
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Flexible PipeConcrete Pipe

Modified Iowa Formula

Deflection =
Load

Pipe Stiffness + (Constant) (Soil Stiffness)

 y =
1000K (DL WC + WL)

2.682 + 61.00

For 48” HDPE, 12 ft. cover, HL-93 Live Load 

with PS=18 psi and E’=1,000 psi

4%

96%

Design Complete!
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Flexible PipeConcrete Pipe
HDPE System Strength

Diameter        Pipe Pipe Soil 

Stiffness Contribution   Contribution

12 50 11% 89%

15 42 10% 90%

18 40 9% 91%

24 34 8% 92%

30 28 6% 94%

36 22 5% 95%

42 20 5% 95%

48 18 4% 96%

54 16 4% 96%

60 14 3% 97%

Design Complete!
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Flexible PipeConcrete Pipe

SCIENCE!

Designing with Steel  – fy = 36 ksi

Mill Certification

Designing with Concrete  – f’c = 4000 psi

Compression Test Cylinders

Designing with Soil – E’ = 1000 psi

(Should be Science But Often Magic)

The soil was tested = Science

No test report = Magic!

Design Complete!
CONCRETEPIPE.ORG

Do we know what the 
Modulus of Soil 

Reaction is onsite?
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Pipe Installations
Similarities & Differences
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Conduit Conduit
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Conduit ConduitStructure Structure

Installation – Is It Important? Installation – Is It Important?
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WHAT DIFFERENCE 
DOES IT MAKE???
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Flexible PipeConcrete Pipe

Engineer
“as per manufacturer’s 

recommendations”

Manufacturer
“As per 

ASTM D2321”

Engineer
Manufacture per ASTM C76

Install per ASTM C1479

Manufacturer
C76 - OKAY

Installer
C1479 - OKAY

CONCRETEPIPE.ORG

ASTM D2321
Engineer referenced 24 times
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A Closer Look at ASTM 
C1479 and D2321

What do the Standards Really Say?
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1. Scope

1.1 This practice covers the installation of 
precast concrete pipe intended to be used for the 
conveyance of sewage, industrial wastes, and 
storm water for the construction of culverts.

1.2 This practice is the inch-pound companion to 
practice C1479; therefore, no SI equivalents are 
presented in this practice.

1.3 This standard does not purport to address all 
of the safety concerns, if any, associated with its 
use. It is the responsibility of the user of the 
standard to establish appropriate safety and 
health practices and determine the applicability 
of regulatory limitations prior to use.
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Flexible PipeConcrete Pipe

1. Scope

1.1 This practice provides recommendations for 
the installation of buried thermoplastic pipe used 
in sewers and other gravity-flow applications. 
These recommendations are intended to ensure 
a stable underground environment for 
thermoplastic pipe under a wide range of service 
conditions. However, because of the numerous 
flexible plastic pipe products available and the 
inherent variability of natural ground conditions, 
achieving satisfactory performance of any one 
product may require modification to provisions 
contained herein to meet specific project 
requirements.

1. Scope

1.1 This practice covers the installation of 
precast concrete pipe intended to be used for the 
conveyance of sewage, industrial wastes, and 
storm water for the construction of culverts.

1.2 This practice is the inch-pound companion to 
practice C1479; therefore, no SI equivalents are 
presented in this practice.

1.3 This standard does not purport to address all 
of the safety concerns, if any, associated with its 
use. It is the responsibility of the user of the 
standard to establish appropriate safety and 
health practices and determine the applicability 
of regulatory limitations prior to use.
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Flexible PipeConcrete Pipe

1. Scope

1.2 The scope of this practice necessarily 
excludes product performance criteria such as 
minimum pipe stiffness, maximum service 
deflection, or long term strength. Thus, it is 
incumbent upon the product manufacturer, 
specifier, or project engineer to verify and 
assure that the pipe specified for an intended 
application, when installed according to 
procedures outlined in this practice, will provide a 
long term, satisfactory performance according to 
criteria established for that application. A 
commentary on factors important in achieving a 
satisfactory installation is included in Appendix 
X1.
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storm water for the construction of culverts.
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practice C1479; therefore, no SI equivalents are 
presented in this practice.

1.3 This standard does not purport to address all 
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of regulatory limitations prior to use.
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Flexible PipeConcrete Pipe

2. Referenced Documents

2.1 ASTM Standards: (23 Total)

Terminology

Site characterization for Engineering 
Design

Test Methods for density, unit weight, 
moisture

External loading – parallel plate loading

Soils classification.

Solvent cements for PVC

Safe solvent handling

Guide for construction procedures

2.2 AASHTO Standards: (1 Total)

Soil classification

2. Referenced Documents

2.1 ASTM Standards: (7 Total)

Terminology

Manufacture of pipe

Soil description, classification & 
identification

Soil compaction

2.2 AASHTO Standards: (4 Total)

Soil classification, density & moisture

2.3 ASCE Standards:

ASCE 15 Standard practice for the Direct 
Design of Buried Precast Reinforced  
Concrete Pipe Using Standard Installations 
(SIDD)
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7.6 Minimum Cover — ...The minimum depth of cover should be 
established by the engineer based on evaluation of specific project 
conditions. In the absence of an engineering evaluation, the following 
minimum cover requirements should be used… 

Size Class I Class II, III, IV Hydrohammer

12” 24” 36” 48”

18” 24” 36” 48”

24” 24” 36” 48”

30” 30” 36” 48”

36” 36” 36” 48”

42” 42” 42” 48”

48” 48” 48” 48”

54” 54” 54” 48”

60” 60” 60” 48”

...Do not use hydrohammer-type compactors unless approved by the engineer.
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Concrete Pipe
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Flexible Pipe

5. Materials

5.1 Classification — Soil types used or 
encountered in burying pipes include those 
classified in Table 1 and natural, manufactured, 
and processed aggregates. The soil 
classifications are grouped into soil classifications 
in Table 2 based on the typical soil stiffness when 
compacted. Class I indicates a soil that generally 
provides the highest soil stiffness at any given 
percentage of maximum Proctor density, and 
provides a given soil stiffness with the least 
compactive effort…. 
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Flexible Pipe

5. Materials

5.2 Installation and Use — Table 3 provides 

recommendations on installation and use on 

soil classifications and location in the trench. 

Soil classes I to IV should be used as 

recommended in Table 3. Soil Class V, 

including clays and silts with liquid limits 

greater than 50, organic soils, and frozen soils, 

shall be excluded from the pipe-zone 

embedment.
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How well does this 
play out in the 
field?
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Design Complete!
CONCRETEPIPE.ORG



Flexible PipeConcrete Pipe

CONCRETEPIPE.ORG



6. Trench Excavation

6.3 Minimum Trench Width —

Flexible PipeConcrete Pipe

Pipe Size      O.D.      O.D.+16”   1.25xO.D.+12”    Clear Each Side

12”            15”            31” 30”                           8”

15”            18”            34”                  35”                          8 ½”

18”            21”            37”                  38” 8 ½”

24”            28”            44”                  47” 9 ½”

30”            36”            52”                  57” 10 ½”

36”            42”            58”                  65” 11 ½”

42”            48”            64”                  72” 12”

48”            54”            70”                  80” 13”

60”            67”            83”                  96”                          14 ½”

Pipe Size           O.D.*      O.D + O.D./3         Clear Each Side

12”                16” 21 ⅜”  2 ⅝”     

15”             19-1/2”              26” 3 ¼” 

18”                 23”               30 ⅝”                      3 ⅞” 

24”                 30” 40”                          5” 

30”                 37”                49 ⅜”                      6 ¼”

36”                 44”                58 ¾”                      7 ⅜” 

42”                 51” 68”                          8 ½”    

48”                 58”                 77 ⅜” 9 ⅝”  

60”                 67”                 89 ⅜”                     11 ⅜” 

* B-Wall                          

Trench Installation

CONCRETEPIPE.ORG



Flexible Pipe

Pipe Size      O.D.      O.D. / 2       2 x O.D.

12”            15”           7 ½”            30”

15”            18”           9”                36”

18”            21”           10 ½”          42”

24”            28”           14”              56”

30”            36”           18”              72”

36”            42”            21”             84”

42”            48”            24”             96”

48”            54”            27”             108”

60”            67”            33 ½”         134”

X1.10 Embedment Width for Adequate 
Support – In certain conditions, a minimum width 
of embedment material is required to ensure that 
adequate embedment stiffness is developed to 
support the pipe. These conditions arise where in-
situ lateral soil resistance is negligible, such as in 
very poor native soils or along highway 
embankments. Examples of poor native soils 
include poorly compacted soils and blow counts of 
five or less, peat, muck, or highly expansive soils. 
Under these conditions, if the native soil is able to 
sustain a vertical cut, the minimum embedment 
width shall be 0.5 pipe diameters on either side of 
the pipe as shown in Fig. X1.1 
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Flexible PipeConcrete Pipe
Trench Installation Trench Installation

9.0 ft^3/ft Soil 

Category I  – 85% Compaction

Category II  – 90% Compaction

Category III – 95% Compaction

20.0 ft^3/ft Soil 32.4 ft^3/ft Soil

Class I  – Compacted

Class II – 85% Compaction

Class III – 90% Compaction

Class IV – 95% Compaction
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7. Installation

7.5.1 Percent Compaction of Embedment —
The Soil Class (from Table 2) and the required 
percent compaction of the embedment should be 
established by the engineer based on an 
evaluation of specific project conditions (see 
X1.6.2). The information in Table 3 will provide 
satisfactory embedment stiffness and is based on 
achieving an average modulus of soil reaction, 
E’, of 1000 psi (or an appropriate equivalent 
constrained modulus, Ms).

Flexible PipeConcrete Pipe
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7. Installation

X1.6.2 Embedment Compaction - Embedment 
compaction requirements should be determined by 
the engineer based on deflection limits established 
for the pipe, pipe stiffness, and installation quality 
control, as well as the characteristics of the in-situ 
soil and compactibility characteristics of the 
embedment materials used. The compaction 
requirements given in Table 3 are based on 
attaining an average modulus of soil reaction (E’) of 
1000 psi (or an appropriate equivalent constrained 
modulus, Ms), which relates soil stiffness to soil 
type and degree of compaction. For particular 
installations, the project engineer should verify that 
the percent compaction specified meets 
performance requirements.

Flexible Pipe
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Flexible Pipe

7. Installation

X1.6.2 Embedment Compaction - Embedment 
compaction requirements should be determined by 
the engineer based on deflection limits established 
for the pipe, pipe stiffness, and installation quality 
control, as well as the characteristics of the in-situ 
soil and compactibility characteristics of the 
embedment materials used. The compaction 
requirements given in Table 3 are based on 
attaining an average modulus of soil reaction (E’) of 
1000 psi (or an appropriate equivalent constrained 
modulus, Ms), which relates soil stiffness to soil 
type and degree of compaction. For particular 
installations, the project engineer should verify that 
the percent compaction specified meets 
performance requirements.
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7. Installation

7.5.1 Percent Compaction of Embedment —
The Soil Class (from Table 2) and the required 
percent compaction of the embedment should be 
established by the engineer based on an 
evaluation of specific project conditions (see 
X1.6.2). The information in Table 3 will provide 
satisfactory embedment stiffness and is based on 
achieving an average modulus of soil reaction, 
E’, of 1000 psi (or an appropriate equivalent 
constrained modulus, Ms).

Flexible Pipe
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• 7. Installation

How do we know?



Was Floatation considered?
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7.6 Minimum Cover — ...The minimum depth of cover should be 
established by the engineer based on evaluation of specific project 
conditions. In the absence of an engineering evaluation, the following 
minimum cover requirements should be used… 

Size Class I Class II, III, IV Hydrohammer

12” 24” 36” 48”

18” 24” 36” 48”

24” 24” 36” 48”

30” 30” 36” 48”

36” 36” 36” 48”

42” 42” 42” 48”

48” 48” 48” 48”

54” 54” 54” 48”

60” 60” 60” 48”
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Soooo…
Were calculations performed?



Concrete Pipe

17. Safety

17.1 Safety requirements for construction shall be 
in accordance with applicable federal, state, and 
local regulations.

17.2 Open ends of installed pipe shall be covered 
during overnight or longer periods of suspended 
work to prevent access by animals, personnel, and 
accumulation of soil and debris. Covers shall be 
braced or fastened to prevent movement. It is not 
required that these covers be watertight.

Note 3 – (Advisory) If the pipe is plugged watertight when 
empty, the possibility of pipe floatation should be 
investigated, and, if necessary, appropriate measures 
shall be taken to prevent floatation.

CONCRETEPIPE.ORG

Floating RCP caused by 
Earthquake in CA



Flexible Pipe

7. Installation

7.11 Field Monitoring — Compliance with 
contract documents with respect to pipe 
installation, including trench depth, grade, water 
conditions, foundation, embedment and backfill 
materials, joints, density of materials in place, 
and safety, should be monitored by the 
engineer at a frequency appropriate to project 
requirements. Leakage testing specifications, 
while not within the scope of this practice, 
should be made part of the specifications for 
plastic pipe installations, when applicable.
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Flexible Pipe

7. Installation

7.11 Field Monitoring — Compliance with 
contract documents with respect to pipe 
installation, including trench depth, grade, water 
conditions, foundation, embedment and backfill 
materials, joints, density of materials in place,
and safety, should be monitored by the 
engineer at a frequency appropriate to project 
requirements. Leakage testing specifications, 
while not within the scope of this practice, 
should be made part of the specifications for 
plastic pipe installations, when applicable.
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7. Installation
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Flexible Pipe

7. Installation

7.11 Field Monitoring — Compliance with 
contract documents with respect to pipe 
installation, including trench depth, grade, water 
conditions, foundation, embedment and backfill 
materials, joints, density of materials in place, 
and safety, should be monitored by the 
engineer at a frequency appropriate to project 
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Successful install?
• Y/N?



When Field Inspection of 
Pipes happens too late!



Flexible PipeConcrete Pipe

X3. Lower Side, Inspection, and Overfill

X3.2 Inspection – The owner is advised to 
provide for or require adequate inspection of the 
pipe installation at the construction site.
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Flexible PipeConcrete Pipe

X3. Lower Side, Inspection, and Overfill

X3.2 Inspection – The owner is advised to 
provide for or require adequate inspection of the 
pipe installation at the construction site.

X1. Commentary

X1.13 Deflection Testing — To ensure specified 
deflection limits are not exceeded, the engineer may
require deflection testing of the pipe using specified 
measuring devices. To allow for stabilization of the 
pipe soil system, deflection tests should be 
performed at least 30 days after installation. 
However, as a quality control measure, periodic 
checks of deflection may be made during installation.
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Flexible PipeConcrete Pipe

X1. Commentary

X1.13 Deflection Testing — To ensure specified 
deflection limits are not exceeded, the engineer may 
require deflection testing of the pipe using specified 
measuring devices. To allow for stabilization of the 
pipe soil system, deflection tests should be 
performed at least 30 days after installation. 
However, as a quality control measure, periodic 
checks of deflection may be made during installation.

X1.13.1 Optional devices for deflection testing 
include electronic deflectometers, calibrated 
television or video cameras, or a properly sized “go, 
no-go’’ mandrel. Deflection measurements can be 
made directly with extension rulers or tape measures 
in lines that permit safe entry. To ensure accurate 
measurements, clean the lines before testing.

X3. Lower Side, Inspection, and Overfill

X3.2 Inspection – The owner is advised to 
provide for or require adequate inspection of the 
pipe installation at the construction site.
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Flexible PipeConcrete Pipe

Strength Verified Before Shipment

Deflection Testing – Not Relevant

CONCRETEPIPE.ORG

• Go-No-Go device

• 5% Deflection

• Stuck if deflection exceeded



Flexible PipeConcrete Pipe
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Flexible PipeConcrete Pipe
AASHTO Section 30

Thermoplastic Deflection Limits

30.7.2 – Installation Deflection

5% Installed Deflection Exceeded – may indicate 

that the installation was substandard. 

Appropriate remediation, if any, will depend 

on the severity of the deflection, the condition 

of the pipe, and evaluation of the factor of 

safety using Section 12 “Buried Structures 

and Tunnel Liners” of the AASHTO LRFD 

Bridge Design Specifications.

7.5% Installed Deflection Exceeded – will require 

remediation or replacement of the pipe.  

AASHTO Section 27

Concrete Pipe Crack Limits Limits

27.6.4 – Longitudinal Cracks

Cracks </= 0.01” – Minor and only require a note

Cracks > 0.01” shall be measured and evaluated                           

by the contractor for the engineer 

to review and approve.

Cracks > 0.01” and determined detrimental shall 

be sealed by a method approved 

by the engineer.

Cracks > 0.1” and determined by the engineer to 

be beyond satisfactory structural 

repair shall be remediated or 

replaced.
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What is an Engineer to do?



Concrete Pipe
An Engineered Product 

Determine In-Situ Soils

Select Installation Type

Determine Strength Class Req’d

Specify Pipe Class & Installation Type

Specify Post Installation Requirements

CONCRETEPIPE.ORG



Flexible Pipe
An Engineered Installation

Concrete Pipe
An Engineered Product 

Determine In-Situ Soils

Select Installation Type

Determine Strength Class Req’d

Specify Pipe Class & Installation Type

Specify Post Installation Requirements

Determine In-Situ Soils

Design Flexible Pipe Based on In-Situ 
Soils or Borrowed Soils

Determine Compaction Required for 
Structural Capacity

Calculate Deflection

Determine Bedding Requirements 
Based on Field Conditions    

Determine Trench Width Based on 
Surrounding In-Situ Soils

Verify Depth of Cover is Acceptable 
for Flotation

Specify Manhole Connectors

Conduct Field Monitoring
Trench Depth
Grade
Water Conditions
Correct Materials
Density of Materials in Place
Joints
Safety

Specify Deflection Testing!!!
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APPLY

• Consider Risks associated with 
installing Pipe incorrectly (roadway 
settlement, poor pipe performance, 
reduced service life)  

• Identify Ways to mitigate these Risks 
for Flexible Pipe and Rigid Pipe 
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Thank You!

ALEC PARLIAMENT, P.E.

aparliament@foleyproducts.com

205.440.5775


