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Concrete Pipe History

• 1842 – 1ST DOCUMENTED CONCRETE PIPE IN U.S.

• 1852 – ASCE FOUNDED

• 1867 –’68 – JOSEPH MONIER PATENTS WIRE

REINFORCEMENT RCP PRODUCTION

• 1896 – PRECAST RCP COMMERCIALLY PRODUCED

• 1905 – PRECAST RCP INTRODUCED IN U.S.



Concrete Pipe History

1910 – RESEARCH RIGID PIPE INSTALLATIONS

1913 – FORMAL PRACTICE OF CALCULATING LOADS ON BURIED PIPE

1920S – INDIRECT DESIGN & BEDDING FACTOR

1960S – REIN. CONCRETE BEAM THEORY ADAPTED TO CONCRETE PIPE



Concrete Pipe History

1970-80S – RESEARCH AND FEA OF INTERACTION

OF CONCRETE PIPE AND EMBEDMENT, NATIVE SOILS

1988 – FRANK HEGER PUBLISHES NEW INSTALLATION

DESIGNS FOR BURIED CONCRETE PIPE (ASCE)

1993 – ASCE STANDARD 15

& STANDARD INSTALLATIONS TYPES 1 - 4

• ADOPTED IN ASTM C1479 AND AASHTO LRFD BRIDGE

DESIGN STANDARDS
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Rigid Rugged Resilient9



DESIGN METHODS



Direct Design



Indirect Design





24 Inch RCP Class III

2 ft. I.D. @ 8 ft. long

D-load (0.01 inch)

1,350 lb/ft/ft

21,600 lbs

Test  Load



Indirect Design Method

Plant Test Field Conditions
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Indirect Design Method

M1

M2

Plant Test Field Conditions



INDIRECT DESIGN 
STEPS



SEVEN STEP INDIRECT PROCESS

1 Installation Method
2 Installation Type
3 Dead Load
4 Live Load
5 Bedding Factors
6 Apply Factor of Safety
7 Calculate Pipe Strength



1 - Installation Method



1 - Installation Method



1 - Installation Method
Stronger Pipe

Low Quality Installation

Lower Strength Pipe
High Quality Installation



2 - Installation Type  



Step 3 - Dead Load - Calculate 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 or 
Vertical Arching Factor (VAF)

Pipe – Section 12.10.2.1-1

Bc

H



Step 3 – Dead Load - Soil Load



Step 3 – Dead Load - Weight of Fluid

Pipe Area = π x (ID/24)2    

Wf = Pipe Area x γw    



4 – Live Load



12,500 lb. or

  16,000 lb.

20”

4 – Live Load



Step 4 – Live Load - Design Truck & Tandem Spacing

12,500 lb. 12,500 lb.

4000 lb.4000 lb.

16000 lb. 16000 lb.

6’

14’-30’

16000 lb. 16000 lb.

14’



4 – Live Load



Step 4 - Live Load



Step 4 – Live Load



Step 4 – Live Load
➢ Live Loads (Moving Loads)

• Distribution through earth fills

• LLDF (Live Load Distribution Factor or Slope 

Factor)



Step 4 - Live Load Spacing – HL-93



Step 4 - Live Load Analysis

• Traffic Travelling Parallel to the span
• Single Axle Load – one lane
• Tandem Load – one lane

• Traffic traveling perpendicular to the span
• Single Axle Load – one lane
• Single Axle Load – two lanes
• Tandem Load – one lane
• Tandem Load – two lanes



➢ Live Loads (Moving Loads)

• Distribution through earth fills

• For >= 2’ of fill 

• Distribution equations are basically the same regardless of traffic direction

Step 4 - Live Load Analysis



Live Load

• Live load area = ALL = lw*ww

• Impact Factor = 𝐼𝑀=33∗(1.0−0.125∗𝐷E ) ≥ 0%

DE minimum depth of earth above the structure (ft)

• Applied pressure at the top of the pipe:

𝑃𝐿 =
𝑃 ∗ 1 +

𝐼𝑀
100

∗ 𝑚𝑝𝑓

𝐴𝐿𝐿

mpf = multiple presence factor

P is the load applied from either the wheel or axle, 

depending on if there is overlap



Step 4 - Live Load on the Pipe 

sa

lw

ww

Live Load
Dim = smaller of Bc or lw

WLL = Dim x PL (lbs/ft)

Direction of 
Traffic

PL live load pressure top of the pipe 

WLL load per linear ft is used in the 
3EB equation

Bc



Step 5 – Bedding Factors

12

Si
( )(WE + WF

BFE

+
WLL

BFLL
)D = (12.10.4.3.1-1)

BFE = Earth Load Bedding Factor
BFLL = Live Load Bedding Factor

Known

Unknown

D-Load Equation



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)

Step 5 - Bedding Factors



Step 5 - Bedding Factors
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Step 5 - Embankment Earth Load Bedding Factor

Bf = 
MTEST

MFIELD



Step 6 – Factor of Safety

Design is based on a service load 0.01-inch crack criteria, so 

use a value of 1.0 for the factor of safety.



Step 7 - D-Load and class of the pipe
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POP QUIZ



DESIGN RESOURCES



ACPA Fill Height Table



ACPA Fill Height Table
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Thank You

Melitza Avila – Rinker Materials

Melitza.Avila@rinkerpipe.com

Jennifer Schaff, PE – County Materials

Jennifer.Schaff@countymaterials.com
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