
Indirect Design
Josh Beakley - ACPA
jbeakley@concretepipe.org



Outline

• What is Indirect Design?

• Installation Types

• Loads

• Bedding Factors

• D-Loads

• Arch and Elliptical Pipe

• Examples



AASHTO Section 12.10.1 
General
• “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.”



Direct Design
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Installation Requirements

Design

Pipe Requirements

Design Forces
Moment
Thrust
Shear

Design Loads
Earth
Live
Fluid
Self



Indirect Design (Class of Pipe)

5 Suggested Steel Areas for the Test condition

Installation 
Requirements

Relating Installed Load
to Test Load

Test Condition

Design Loads
Earth
Live
Fluid
Self



Benefits of the Indirect Design Method

• Its validity has been proven over time

• It is a simple method to use

• It is a proof-of-performance method



Intention for Direct Design

• Used for higher strength pipe that can not be found in 

ASTM/AASHTO Tables

• Used for larger diameter pipes

• Used for specific loads and load cases

• Used when stirrup reinforcement is required
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Di

Bedding

See table
Do / 3

Foundation
Outer Bedding

materials and

compaction each side,

same requirements as haunch

Middle Bedding loosely

placed un-compacted

bedding except 

for Type 4

Haunch-

See Table

Lower-Side

See Table

Overfill Soil Category

I, II, III

Do / 6 (Min.) Do Do (Min.)

H

Springline

Standard Installations



Standard Installations Soil & Min. 
Compaction Reqs.
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Stronger Pipe + Lesser Quality Installation or Lesser Strength Pipe + High Quality Installation

Soil / Pipe System



Installation Conditions 



TRENCH EMBANKMENT

Top of  Embankment

Natural Ground

Natural Ground



Embankment Installation

Frictional

Forces

Soil 
Prism

Natural Ground



Vertical Pressures – Positive Projecting 
Embankment





TRENCH

Vertical 
Pressures



Earth loads on concrete pipe
Trench vs Positive-Projecting Embankment
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Pipe experiences the 

least earth load

Pipe experiences the 

most earth load

Why ???

Transition Width is the 

point at which the benefit 

becomes negligible



Greater Than Transition Width



AASHTO LRFD 12.10.2.1

• “Standard installations for both embankments and trenches shall 

be designed for positive projection, embankment loading 

conditions where Fe shall be taken as the vertical arching factor, 

VAF, specified in Table 12.10.2.1-3 for each type of standard 

installation.”



Soil Load

• WE = FesBcH

• s = unit weight of soil (pcf)

• Bc = outside diameter of pipe (ft)

• H = fill height (ft)

• Fe = soil-structure interaction factor (Vertical Arching Factor) 
Pipe – Section 12.10.2.1-1

Bc

H



Soil Load



Weight of Fluid
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Pipe Area = π x (ID/24)2  

Wf = Pipe Area x γw
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Live Load



D-Load Equation

12
Si

( )(WE + WF

BFE
+

WL

BFLL
)D = (12.10.4.3.1-1)

BF = Bedding Factor



Bf =
MTEST

MFIELD

Where:

Bf        =  Bedding factors

MFIELD =  Maximum moment in pipe under field loads before

failure,  (inch-pounds)

MTEST =  Maximum moment in pipe under three-edge

bearing test before failure,  (inch-pounds)

Bedding Factors



Bedding Factors

M = 0.170 We r M = 0.318 P r

We /P = 1.9 = Bf

75o



M = 0.170 We r

M = 0.318 P r

75o

M = ? P r

Bedding Factors



Standard Installation Requirements



Heger Distribution Drawn to Scale



Embankment Earth Load Bedding Factor



Minimum Bedding Factor

Type 4 Trench

Bf = 1.5

Type 4 Embankment

Bf = 1.7



Soil-Structure Dependence for RCP

SI Type Min. Bf Actual Bf Dep. on 
Pipe
(%)

Dep. On 
Soil
(%)

4 1.7 1.7 (1.7/1.7)*100
= 100

100 – 100 =
0

3 1.7 2.3 (1.7/2.3)*100
= 74

100 – 74 =
26

2 1.7 2.9 (1.7/2.9)*100
= 59

100 – 59 =
41

1 1.7 4.0 (1.7/4.0)*100
= 43

100 – 43 =
57



Structure

Conduit



D-Load Equation



D
0.01

= load (lbs/ft/ft) to produce 0.01” crack, 12” long, 1/16” deep

0.01” Crack

0.010” Feeler Gauge to check crack size



Concrete Pipe Design Considerations

• Three-edge Bearing Test

• Flexure

• Crack Control

• Shear

• Radial Tension



IN
S

ID
E

 C
A

G
E

 S
T

E
E

L
 R

E
IN

F
O

R
C

E
M

E
N

T
 A

R
E

A

HEIGHT OF COVER

CRACK CONTROL

SHEAR CONTROL WITHOUT STIRRUPS

SHEAR CONTROL WITH STIRRUPS

S
H

E
A

R
 C

O
N

T
R

O
L

S
T

IR
R

U
P

S
 R

E
Q

U
IR

E
D

STEEL REINFORCEMENT REQUIREMENTS

versus

HEIGHT OF COVER

FLEXURE CONTROL

60” DIAMETER, 6” B WALL, fc’ = 5000psi, fs = 65,000psi, TYPE 2 INSTALLATION

15’       20’          27’         37’ (37,300 plf)   
(INVERT) (CROWN & INVERT)



Determine the D-Load
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12
48( )(2500 lbs/ft + 784 lbs/ft 

2.87
+

3904 lbs/ft
2.2 )D =

D0.01 = 730 lbs/ft/ft



1. Determine pipe installation method

2. Select bedding / standard 
installation

3. Calculate earth load

4. Calculate live load

5. Determine bedding factors

6. Factor of safety (Service Load)

7. Select pipe strength

Indirect Design Process



Arch and Elliptical Pipe



Standard Installations for Arch and Elliptical 
Pipe



Standard Installations for Arch and Elliptical 
Pipe



M = 0.170 We r

M = 0.318 P r

75o

M = ? P r

Bedding Factors



Arch and Elliptical Pipe

Same Old 
Design

New 
Drawings 



D-Load Equation



Embankment Earth Load Bedding Factor



Bedding Factor Equation for Arch and 
Elliptical Pipe



Bedding Factor Parameters for Arch and 
Elliptical Pipe



Comparison of Circular vs. Elliptical
RCP Elliptical – 38 x 60

Installation 
Type

Min. 
Bedding

Embankment Bedding VAF

CA/CN H = 5 ft. H = 10 ft.

2 2.12 2.46 2.40 1.4

3 1.75 1.82 1.81 1.4

p = 0.9 for Type 2, and p = 0.5 for Type 3

RCP Circular – 60

Installation 
Type

Min. 
Bedding

Embankment Bedding VAF

H = 5 ft. H = 10 ft.

2 1.9 2.83 2.83 1.4

3 1.7 2.23 2.23 1.4



The End
jbeakley@concretepipe.org



Example
Circular RCP



1. Determine pipe installation method

2. Select bedding / standard 
installation

3. Calculate earth load

4. Calculate live load

5. Determine bedding factors

6. Factor of safety (Service Load)

7. Select pipe strength

Indirect Design Process



Example Problem

• Pipe = 48” Circular Pipe

• Fill Height = 15 ft.

• Bedding = 90% Compaction of Granular Material up to Springline

• Live Load = AASHTO HL-93

• Direction of Traffic = Parallel to Span

53



Pipe Information

Circular Pipe

• ID = 48 inches

• t = 48/12 + 1.75 = 5.75 inches

• A C-wall pipe is conservatively 

assumed

• Bc = 48 + 2(5.75) = 4.96 feet
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Installation Information

• Standard Installation = Type 2 

• 90% compaction of a granular material

• Soil Unit Weight - γs = 120 pcf

• Vertical Arching Factor – VAF = 1.40
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AASHTO LRFD 12.10.2.1



Earth Load on Pipe
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Circular

PL = 120 pcf x 4.96 ft x 15 ft
PL = 8928 lbs/ft

We = 1.40 x 8928 lbs/ft
We = 12,500 lbs/ft

PL = γs x Bc x H
We = VAF x PL



Fluid Load
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Pipe Area = π x (ID/24)2  Pipe Area = π x (48/24)2

Pipe Area = 12.57 ft2

Wf = Pipe Area x γw Wf = 12.57 ft2 x 62.4 pcf
Wf = 784 lbs/ft



Live Load

• H = 15 ft

• H > 8 ft

• H > ID = 4 ft

• Live load need not be considered.
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Determine the Earth Load Bedding Factor
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Bf36 = 2.9

Bf72 = 2.8

BFE = Bf36 -
ID - 36
72 - 36( )(Bf36 – Bf72)

BFE = 2.9 - 48 - 36
72 - 36( ) (2.9 – 2.8) BFE = 2.87



Determine the D-Load
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12
48( )(12500 lbs/ft + 784 lbs/ft 

2.87
+

0 lbs/ft
2.2 )D =

D0.01 = 1157 lbs/ft/ft



ASTM C 76/AASHTO M 170 Pipe Classes

• Class I - D0.01 = 800 lbs/ft/ft

• Class II - D0.01 = 1000 lbs/ft/ft

• Class III - D0.01 = 1350 lbs/ft/ft

• Class IV - D0.01 = 2000 lbs/ft/ft

• Class V - D0.01 = 3000 lbs/ft/ft
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Example
Elliptical RCP



1. Determine pipe installation method

2. Select bedding / standard 
installation

3. Calculate earth load

4. Calculate live load

5. Determine bedding factors

6. Factor of safety (Service Load)

7. Select pipe strength

Indirect Design Process



Example Problem

• Pipe = 38” x 60” (48” Equiv.) Elliptical Pipe

• Fill Height = 15 ft.

• Bedding = 90% Compaction of Granular Material up to Springline

• Live Load = AASHTO HL-93

• Direction of Traffic = Parallel to Span
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Pipe Information

Elliptical Pipe

• Span = 60 inches

• t = 5.5 inches (ASTM C507)

• Bc = 60 + 2(5.5) = 5.92 feet
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Installation Information

• Standard Installation = Type 2 

• 90% compaction of a granular material

• Soil Unit Weight - γs = 120 pcf

• Vertical Arching Factor – VAF = 1.40
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AASHTO LRFD 12.10.2.1



Earth Load on Pipe
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Elliptical

PL = 120 pcf x 5.92 ft x 15 ft 
PL = 10656 lbs/ft

We = 1.40 x 10656 lbs/ft
We = 14920 lbs/ft

PL = γs x Bc x H
We = VAF x PL



Fluid Load

• 38” x 60” Elliptical is a 48” Circular Equivalent

72

Pipe Area = π x (ID/24)2  Pipe Area = π x (48/24)2

Pipe Area = 12.57 ft2

Wf = Pipe Area x γw Wf = 12.57 ft2 x 62.4 pcf
Wf = 784 lbs/ft



From the ACPA Concrete Pipe Design 
Manual - Online



Live Load

• H = 15 ft

• H > 8 ft

• H > ID = 5 ft

• Live load need not be considered.
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Determine the Earth Load Bedding 
Factor
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Use:
p = 0.9

Remember:
Fe = 1.40
Bc = 5.92 ft
H = 15 ft

𝑞 = 0.23
0.9

1.40
1 + 0.35(0.9)

5.92

15

q = 0.167



Determine the Earth Load Bedding 
Factor
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Use:
CA = 1.337
CN = 0.630
x = 0.421

Remember:
q = 0.167

𝐵𝐹𝐸 =
1.337

0.630 − (0.421)(0.167)

BFE = 2.39



Determine the D-Load
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12
60( )(14920 lbs/ft + 784 lbs/ft 

2.39
+

0 lbs/ft
2.2 )D =

D0.01 = 1314 lbs/ft/ft



ASTM C 507/AASHTO M 207 Pipe Classes

• Class HE-A - D0.01 = 600 lbs/ft/ft

• Class HE-I - D0.01 = 800 lbs/ft/ft

• Class HE-II - D0.01 = 1000 lbs/ft/ft

• Class HE-III - D0.01 = 1350 lbs/ft/ft

• Class HE-IV - D0.01 = 2000 lbs/ft/ft
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The End


