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CHAPTER  1 

INTRODUCTION 

 
The design and construction  of sewers and culverts  are among the most 

important areas of public works engineering  and, like all engineering projects, they 

involve various stages of development.  The information  presented in this manual 

does not  cover all  phases of the project,  and the engineer may need to consult 

additional  references for  the data required  to complete  preliminary  surveys. 

This manual is a compilation  of data on concrete  pipe,  and it  was planned to 

provide all  design information  needed by the engineer when he begins to consider 

the type and shape of pipe to be used. All equations used in developing the 

figures and tables are shown along with  limited  supporting theory.  A condensed 

bibliography  of literature  references is included to assist the engineer who wishes 

to further  study the development  of these equations.  

Chapters have been arranged so the descriptive  information  can be easily 

followed  into  the tables and figures containing  data which enable the engineer to 

select the required  type and size concrete  pipe without  the lengthy computations 

previously required.  All of these design aids are presently  published in engineering 

textbooks or represent the computer analysis of involved equations. Supplemental 

data and information  are included to assist in completing  this important  phase of 

the project, and illustrative example problems are presented in Chapters 2 through  

4. A review of these examples will indicate the relative ease with which this manual 

can be used. 

This latest revision incorporates modifications to Chapter 4 regarding live 

load design that is based on recent changes made by AREMA and AASHTO, 

and makes some minor editorial corrections in other places within the Manual. 

The standard Installations  are compatible  with  today's methods of installation 

and incorporate  the latest  research on concrete  pipe.  In 1996 the B, C, and D 

beddings, researched by Anson Marston and Merlin Spangler, were replaced in 

the AASHTO Bridge Specifications by the Standard Installations.  A description 

of the B, C, and D beddings along with  the appropriate  design procedures 

are included in Appendix B of this manual to facilitate designs still using these 

beddings. 
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CHAPTER  2 

HYDRAULICS OF SEWERS 

The hydraulic  design procedure for  sewers requires:  

 

1. Determination  of Sewer System Type 

2. Determination  of Design Flow 

3. Selection of Pipe Size 

4. Determination  of Flow Velocity  

 

SANITARY SEWERS 

DETERMINATION OF SEWER SYSTEM TYPE 

Sanitary sewers are designed to carry domestic,  commercial  and industrial 

sewage with consideration given to possible infiltration of ground water. All types of flow  

are designed on the basis of having the flow  characteristics  of water.  

DETERMINATION OF DESIGN FLOW 

In designing sanitary sewers, average, peak and minimum flows are considered. 

Average flow  is determined  or selected,  and a factor  applied to arrive at  the peak flow  

which is used for  selecting pipe size. Minimum flows are used to determine if specified 

velocities can be maintained to prevent deposition of solids .  

Average Flow.  The average flow, usually expressed in gallons per day, is a  

hypothetical  quantity  which is derived from past data and experience.  With adequate 

local  historical  records,  the average rate  of water  consumption can be related  to the 

average sewage flow  from  domestic,  commercial  and industrial sources.  Without  such 

records, information  on probable average flows can be obtained  from other  sources 

such as state  or national  agencies. Requirements for minimum average flows are 

usually specified by local or state sanitary authorities or local, state and national public 

health agencies.  Table 1 lists past design criteria for  domestic sewage flows for  various 

municipalities.  Commercial and industrial sewage flows are listed  in Table 2. These 

tables were adapted from  the òDesign and Construction of Sanitary and Storm Sewers,ó 

published by American Society of Civil Engineers and Water Pollution  Control 

Federation.  To apply flow  criteria  in the  design of a sewer system, it  is necessary to 

determine  present and future zoning, population densities and types of business and 

industry.  

Peak  Flow. The actual  flow  in a sanitary sewer is variable,  and many studies 

have been made of hourly,  daily  and seasonal variations.  Maximum and minimum 

daily flows are used in the design of treatment plants, but the sanitary sewer must carry 
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the peak flow  that  will  occur during its design life.  This peak flow  is defined as the 

mean rate  of the maximum flow  occurring during a 15-minute  period for  any 12- 

month period and is determined by multiplying average daily flow by an appropriate 

factor. Estimates of this factor range from 4.0 to 5.5 for design populations of one 

thousand, to a factor of 1.5 to 2.0 for design population of one million. Tables 1 and 2 

list previous minimum peak loads used by some municipalities as a basis for design.  

Minimum Flow.  A minimum velocity of 2 feet per second, when the pipe is flowing 

full or half full, will prevent deposition of solids. The design should be checked using the 

minimum flow to determine if this self -cleaning velocity is maintained.  

SELECTION OF PIPE SIZE 

After the design flows have been calculated, pipe size is selected using Manningõs 

formula. The formula can be solved by selecting a pipe roughness coefficient, and 

assuming a pipe size and slope. However, this trial and error method is not necessary 

since nomographs, tables, graphs and computer programs provide a direct solution.  

 

Manningõs Formula. Manningõs formula for selecting pipe size is: 

ὗ
ρȢτψφ

ὲ
 ὃὙὛ 

(1) 

 

A constant ὅ
Ȣ
 ὃὙ which depends only on the geometry and  characteristics 

of the pipe enables Manningõs formula to be written as: 

 

ὗ  ὅὛ 
(2) 

 

Tables 3, 4, 5 and 6 list full flow values of C 1 for circular pipe, elliptical pipe, arch 

pipe, and box sections. Table A -1 in the Appendix lists values of S 1/2 . 

 

Manningõs ònó Value. The difference between laboratory test values of Manningõs 

ònó and accepted design values is significant. Numerous tests by public and other 

agencies have established Manningõs ònó laboratory values. However, these laboratory 

results were obtained utilizi ng clean water and straight pipe sections without bends, 

manholes, debris, or other obstructions. The laboratory results indicated the only 

differences were between smooth wall and rough wall pipes. Rough wall, or corrugated 

pipe, have relatively high ònó values which are approximately 2.5 to 3 times those of 

smooth wall pipe.  

All smooth wall pipes, such as concrete and plastic, were found to have ònó values 

ranging between 0.009 and 0.010, but, historically, engineers familiar with sewers have 

used 0.012 and 0.013. This òdesign factoró of 20-30 percent takes into account the 

difference between laboratory testing and actual installed conditions. The use of such 

design factors is good engineering practice, and, to be consistent for all pipe materials,  

 

http://www.concretepipe.org/


5 

Hydraulics of Sewers 
 

American Concrete Pipe Association Å www.concretepipe.org  

  

the applicable Manningõs ònó laboratory value should be increased a similar amount in 

order to arrive at design values .  

Full Flow Graphs.  Graphical solutions of Manningõs formula are presented for 

circular pipe in Figures 2 through 5 and for horizontal elliptical pipe, vertical elliptical 

pipe, arch pipe and box sections in Figures 6 through 19. When flow, slope and roughness 

coefficient ar e known, pipe size and the resulting velocity for full flow can be 

determined.  

Partially Full Flow Graphs.  Velocity, hydraulic radius and quantity and area  of flow 

vary with the depth of flow. These values are proportionate to full flow values and for 

any depth of flow are plotted for circular pipe, horizontal elliptical pipe, vertical 

elliptical pipe, arch pipe, and box sections in Figures 20 through 24.  

DETERMINATION OF FLOW VELOCITY 

Minimum Velocity.  Slopes required to maintain a velocity of 2 feet per second 

under full flow conditions with various ònó values are listed in Table 7 for circular pipe. 

The slopes required to maintain velocities other than 2 feet per second under full flow 

conditions can be obtained by multiplying the tabulated values by one -fourth of the 

velocity squared or by solving Manningõs formula using Figures 2 through 19. 

Maximum Velocity.  Maximum design velocities for clear effluent in concrete  pipe 

can be very high. Unless governed by topography or other restrictions, pipe slopes should 

be set as flat as possible to reduce excavation costs and consequently velocities are held 

close to the minimum.  

STORM SEWERS 

DETERMINATION OF SEWER SYSTEM TYPE 

Storm sewers are designed to carry precipitation runoff, surface waters and, in 

some instances, ground water. Storm water flow is analyzed on the basis of having the 

flow characteristics of water.  

DETERMINATION OF DESIGN FLOW 

The Rational Method is widely used for determining design flows in urban and small 

watersheds. The method assumes that the maximum rate of runoff for a given intensity 

occurs when the duration of the storm is such that all parts of the  watershed are 

contributing to the runoff at the interception point. The formula used is an empirical 

equation that relates the quantity of runoff from a given area to the total rainfall falling 

at a uniform rate on the same area and is expressed as:  

ὗ  ὅὭὃ (3) 

The runoff coefficient òCó and the drainage area òAó are both constant for a given 

area at a given time. Rainfall intensity ò i ò, however, is determined by using an 

appropriate storm frequency and duration which are selected on the basis of economics 

and engineering judgment. Storm sewers are designed on the basis  that they will flow 
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full during storms occurring at certain intervals. Storm frequency is selected through 

consideration of the size of drainage area, probable flooding, possible flood damage and 

projected development schedule for the ar ea. 

Runoff Coefficient. The runoff coefficient  òCó is the ratio of the average rate of 

rainfall  on an area to the maximum rate  of runoff.  Normally ranging between zero and 

unity, the runoff coefficient can exceed unity in those areas where rainfall occurs in 

conjunction  with  melting  snow or ice.  The soil characteristics,  such as porosity, 

permeability and whether or not it is frozen are important considerations. Another 

factor  to  consider is ground cover,  such as paved, grassy or wooded. In certain  areas, 

the coefficient  depends upon the slope of the terrain.  Duration of rainfall  and shape of 

area are also important  factors  in special instances. Average values for  different  areas 

are listed  in Table 8. 

Rainfall  Intensity.  Rainfall  intensity  òiò is the amount of rainfall  measured in inches 
per hour that  would be expected to occur during a storm of a certain duration.  The 
storm frequency is the time in years in which a certain storm would be expected again 
and is determined statistically from available rainfall data.  

Several sources, such as the U. S. Weather Bureau, have published tables and graphs 
for  various areas of the country  which show the relationship between rainfall  
intensity, storm duration and storm frequency.  To illustrate these relationships,  the 
subsequent figures and tables are presented as examples only, and specific design 
information is available for most areas. For a 2 -year frequency storm of 30 -minute 
duration, the expected rainfall intensities for the United States are plotted  on the map 
in Figure 25. These intensities  could be converted  to storms of other  durations and 
frequencies by using factors  as listed  in Tables 9 and 10 and an intensity -duration -
frequency curve constructed  as shown in Figure 26. 

Time of Concentration.  The time  of concentration  at  any point  in a sewer 
system is the time required for runoff from the most remote portion of the drainage 
area to reach that  point.  The most remote  portion  provides the longest time  of 
concentration  but  is not necessarily the most distant  point  in the drainage area.  

Since a basic assumption of the Rational Method is that  all  portions of the area 

are contributing  runoff,  the time  of concentration  is used as the storm duration in 

calculating  the intensity.  The time  of concentration  consists of the time  of flow from the 

most remote  portion  of the drainage area to  the first  inlet  (called  the inlet  time)  and 

the time  of flow  from the inlet  through the system to the point  under consideration  

(called  the flow  time).  The inlet  time  is affected  by the rainfall intensity,  topography 

and ground conditions.  Many designers use inlet  times ranging from a minimum of 5 

minutes for  densely developed areas with  closely spaced inlets  to a maximum of 30 

minutes for  flat  residential  areas with  widely spaced inlets.  If  the inlet  time  exceeds 

30 minutes,  then a detailed  analysis is required  because a very small inlet  time  will  

result  in an overdesigned system while conversely for  a very long inlet  time  the 

system will  be underdesigned. 

Runoff Area.  The runoff  area òAó is the drainage area in acres served by the storm 
sewer. This area can be accurately determined from topographic maps or field  surveys. 
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SELECTION OF PIPE SIZE 

Manningõs Formula. Manningõs formula for selecting pipe size is: 

 

                                             1
Ȣ
 ὃὙὛ (1) 

A constant ὅ
Ȣ
 ὃὙ which depends only on the geometry and  characteristics of 

the pipe enables Manningõs formula to be written as: 

ὗ  ὅὛ 
(2) 

Tables 3, 4, 5 and 6 for circular pipe, elliptical pipe, arch pipe, and box  sections 

with full flow and Table A -1 in the Appendix for values of C1 and S1/2 respectively are 

used to solve formula (2). Graphical solutions of Manningõs formula (1) are presented in 

Figures 2 through 5 for circular pipe, and Figures 6 through 19 for ho rizontal elliptical 

pipe, vertical elliptical pipe, arch pipe and box sections under full flow conditions.  

Partial flow problems can be solved with the proportionate relationships plotted in 

Figure 20 through 24. 

Manningõs ònó Value. The difference between laboratory test values of Manningõs 

ònó and accepted design values is significant. Numerous tests by public and other 

agencies have established Manningõs ònó laboratory values. However, these laboratory 

results were obtained utiliz ing clean water and straight pipe sections without bends, 

manholes, debris, or other obstructions. The laboratory results indicated the only 

differences were between smooth wall and rough wall pipes. Rough wall, or corrugated 

pipe, have relatively high ònó values which are approximately 2.5 to 3 times those of 

smooth wall pipe.  

All smooth wall pipes, such as concrete and plastic, were found to have ònó values 

ranging between 0.009 and 0.010, but, historically, engineers familiar with sewers have 

used 0.012 or 0.013. This òdesign factoró of 20-30 percent takes into account the 

dif ference between laboratory testing and actual installed conditions. The use of such 

design factors is good engineering practice, and, to be consistent for all pipe materials, 

the applicable Manningõs ònó laboratory value should be increased a similar amount in 

order to arrive at design values.  

 

DETERMINATION OF FLOW VELOCITY 

Minimum Velocity.  The debris entering a storm sewer system will generally have a 

higher specific gravity than sanitary sewage, therefore a minimum velocity of 3 feet per 

second is usually specified. The pipe slopes required to maintain this velocity can be 

calculated from Table 7 or by solving Manningõs formula using Figures 2 through 19. 

Maximum Velocity.  Tests have indicated that concrete pipe can carry clear water 

of extremely high velocities without eroding. Actual performance records of storm 

sewers on grades up to 45 percent and carrying high percentages of solids indicate that 

erosion is seldom a problem with concrete pipe.  

.
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EXAMPLE PROBLEMS 
EXAMPLE 2 - 1 

STORM SEWER FLOW 

 
Given:  The inside diameter  of a circular  concrete  pipe storm sewer is 48 

inches, ònó = 0.012 and slope is 0.006 feet  per foot.  

 

Find: The full  flow  capacity,  òQó. 

 
Solution:   The problem can be solved using Figure 4 or Table 3. 

 
Figure  4  The slope for  the sewer is 0.006 feet  per foot  or 0.60 feet  per 100 feet. 

Find this slope on the horizontal axis. Proceed vertically along the 0.60 

line  to the intersection  of this line  and the curve labelled  48 inches. 

Proceed horizontally to the vertical axis and read Q = 121 cubic feet per 

second. 

 

Table  3 Enter Table 3 under the column = 0.012 for  a 48-inch diameter  pipe and 

find  C1,  = 1556. For S = 0.006, find  S1/2  = 0.07746 in Table A-1. Then Q = 

1556 X 0.07746 or 121 cubic feet  per second. 

 

Answer:  Q = 121 cubic feet  per second. 

 

EXAMPLE 2 - 2 

REQUIRED SANITARY SEWER SIZE 

 

Given:  A concrete  pipe sanitary sewer with  ònó = 0.013, slope of 0.6 percent  and 

required  full  flow  capacity  of 110 cubic feet  per second. 

 

Find: Size of circular  concrete  pipe required.  

 

Solution:  This problem can be solved using Figure 5 or Table 3. 

 

Figure  5 Find the intersection  of a horizontal  line  through Q = 110 cubic feet  per 

second and a slope of 0.60 feet  per 100 feet.  The minimum size sewer 

is 48 inches. 

 
Table  3 For Q = 110 cubic feet  per second and S1/2  = 0.07746

ὅ
ὗ

Ὓ

ρρπ

πȢπχχτφ
ρτςπ 

In the table,  1436 is the closest value of C1,  equal to or larger than 1420, 

so the minimum size sewer is 48 inches.  

 

Answer:  A 48-inch diameter  circular  pipe would have more than adequate 

capacity.  
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EXAMPLE 2 - 3 

STORM SEWER MINIMUM  SLOPE 

 

Given:  A 48-inch diameter  circular  concrete  pipe storm sewer, ònó = 0.012 and 

flowing  one-third  full.  

 

Find: Slope required  to maintain  a minimum velocity  of 3 feet  per second. 

 
Solution:  Enter Figure 20 on the vertical  scale at Depth of Flow = 0.33 and 

project a horizontal line to the curved line representing velocity. On the  

horizontal  scale directly  beneath the point  of intersection  read a value of 

0.81 which represents the proportional  value to full  flow.  
ὠ

ὠ
πȢψρ 

ὠ
ὠ

πȢψρ

σ

πȢψρ
σȢχ 

Enter Figure 4 and at the intersection  of the line  representing 48-inch 

diameter  and the interpolated  velocity  line  of 3.7 read a slope of 0.088 

percent  on the horizontal  scale. 

 

Answer:  The slope required to maintain a minimum velocity of 3 feet per second 

at one-third  full  is 0.088 percent.  

 

EXAMPLE 2 - 4 

SANITARY SEWER DESIGN 

 
General:   A multi -family  housing project  is being developed on 350 acres of rolling 

to  flat  ground. Zoning regulations establish a population  density of 30 

persons per acre.  The state  Department  of Health specifies 100 gallons 

per capita  per day as the average and 500 gallons per capita  per day 

as the peak domestic sewage flow, and an infiltration allowance of 500 

gallons per acre per day. 

 
Circular concrete  pipe will  be used, ònó= 0.013, designed to flow  full  at 

peak load with  a minimum velocity  of 2 feet  per second at one-third 

peak flow.  Maximum spacing between manholes will  be 400 feet.  

 

Given:  Population Density = 30 persons per acre 

Average Flow = 100 gallons per capita  per day 

Peak Flow = 500 gallons per capita  per day 
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Infiltration  = 500 gallons per acre per day 

Manningõs Roughness = 0.013 

Minimum Velocity  = 2 feet  per second @ 1/3  peak flow  

 

Find: Design the final  400 feet  of pipe between manhole Nos. 20 and 21, 

which serves 58 acres in addition to carrying the load from the previous 

pipe which serves the remaining 292 acres.  

 

Solution:  1. Design Flow 

 
Population-Manhole 1 to  20 = 30 X 292 = 8760 

Population-Manhole 20 to 21 = 30 X 58 = 1740 

Total  population  10,500 persons 

Peak flow -Manhole 

1 to 20 = 500 X 8760 = 4,380,000 gallons per day 

Infiltration -Manhole 

1 to 20 - 500 X 292 = 146,000 gallons per day 

Peak flow -Manhole 

20 to 21 = 500 X 1740 = 870,000 gallons per day 

Infiltration -Manhole 

20 to 21 = 500 X 58 = 29,000 gallons per day 

 

Total Peak flow  = 5,425,000 gallons per day use 

5,425,000 gallons per day or 8.4 cubic feet  per second 

 
2. Selection of Pipe Size 

 
In designing the sewer system, selection  of pipe begins at  the first 

manhole and proceeds downstream.  The section of pipe preceding the 

final  section is an 18-inch diameter,  with  slope = 0.0045 feet  per foot.  

Therefore,  for  the  final  section the same pipe size will  be checked and 

used unless it has inadequate capacity, excessive slope or inadequate 

velocity.  

 
Enter Figure 5, from Q = 8.4 cubic feet  per second on the vertical  scale 

project  a horizontal  line  to the 18-inch diameter  pipe,  read velocity  = 4.7 

feet  per second. 

 
From the intersection,  project  a vertical  line  to the horizontal  scale, read 

slope = 0.63 feet  per 100 feet.  

 
3. Partial  Flow 

 
Enter Figure 20, from Proportion  of Value for  Full Flow = 0.33 on the 

horizontal  scale project  a line  vertically  to òflowó curve,  from intersection  
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project  a line horizontally to  òvelocityó curve, from intersection project a 

line  vertically  to horizontal  scale, read Proportion  of Value for  Full Flow - 

0.83. 

 
Velocity  at minimum flow  = 0.83 X 4.7 = 3.9 feet  per second. 

 

Answer:   Use 18-inch diameter  concrete  pipe with  slope of 0.0063 feet  per foot.  

 
The preceding computations are summarized in the following  tabular 

forms,  Illustrations  2.1 and 2.2.  

Illustration  2.1 - Population  and  Flow 

 

Man- 

hole 

No. 

DRAINAGE AREA PEAK-FLOW - MGD 
Cum. 

Flow 

cfs. Zoning Acres 
Ultimate 

Population 
Domestic Industrial  

Infiltra - 

tion  
Total  

Cum. 

Total 

19 From Preceeding Computations ................................ .............  4.53 7.0 

20 
Multi - 

family  
58 1740 .087 - 0.03 0.90 5.43 8.4 

21 Trunk Sewer Interceptor  Manhole  

Illustration  2.2 - Sanitary  Sewer Design  Data  

 

Manhole  

 
 

Flow 

cfs. 

SEWER Manhole 

Flow-line Elevations 

No. Sta. Length 

ft.  

Slope 

ft./ft.  

Pipe Dia. 

in.  

Velocity 

fps 

Fall 

ft.  

 
In 

 
Out 

19 46 7.0 
      

389.51 

20 50 8.4 400 0.0045 18 4.0 1.80 387.71 387.71 

21 54 
 

400 0.0063 18 4.7 2.52 385.19 
 

 
EXAMPLE 2 - 5 

STORM SEWER DESIGN 

 
General :  A portion of the storm sewer system for the multi -family development 

is to  serve a drainage area of about 30 acres. The state  Department  

of Health specifies a 10-inch diameter  minimum pipe size. 

 
Circular concrete  pipe will  be used,ónó = 0.011, with  a minimum 

velocity of 3 feet per second when flowing full. Minimum time of 

concentration is 10 minutes with a maximum spacing between 

manholes of 400 feet.  
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Given:  Drainage Area A = 30 acres (total) 

Runoff Coefficient  C = 0.40 

Rainfall  Intensity  i as shown in Figure 26 

Roughness Coefficient  n = 0.011 (See discussion of Manningõs 

ònó Value) 

Velocity  V = 3.0 feet  per second (minimum  at 

full  flow)  

 

Find: Design of the storm system as shown in Illustration  2.3,  òPlan for 

Storm Sewer Example,ó adapted from  òDesign and Construction of 

Concrete Sewers,ó published by the Portland Cement Association.  

 

Solution:  The hydraulic properties of the storm sewer will be entered as they 

are determined on the example form Illustration 2.4,  òComputation 

Sheet for  Hydraulic Properties of Storm Sewer.ó The design of the 

system begins at the upper manhole and proceeds downstream.  

 
The areas contributing  to  each manhole are determined,  entered 

incrementally in column 4, and as cumulative totals in column 5.  The 

initial inlet time of 10 minutes minimum is entered in column 6, line 

1, and from Figure 26 the intensity is found to be 4.2 inches per hour 

which is entered  in column 8, line  1. Solving the Rational formula,  

Q = 1.68 cubic feet per second is entered in column 9, line 1. Enter 

Figure 3, for  V = 3 feet  per second and Q = 1.68 cubic feet  per 

second, the 10-inch diameter pipe requires a slope = 0.39 feet per 

100 feet.  Columns 10, 12, 13, 14, 15 and 16, line  1, are now filled  in.  

The flow  time  from manhole 7 to  6 is found by dividing  the length  (300 

feet)  between manholes by the velocity  of flow  (3 feet  per second) 

and converting the answers to minutes (1.7 minutes) which is entered 

in column 7, line  1. This time  increment  is added to the 

10-minute  time  of concentration  for  manhole 7 to arrive  at  11.7 

minutes time of concentration for manhole 6 which is entered in 

column 6, line  2. 

From Figure 26, the intensity  is found to be 4.0 inches per hour for  a 

time  of concentration  of 11.7 minutes which is entered  in column 8, 

line 2.  The procedure outlined in the preceding paragraph is repeated 

for  each section of sewer as shown in the table.  

 

Answer:  The design pipe sizes, slopes and other properties are as indicated in 

Illustration  2.4.  
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Illustration  2.3 - Plan for Storm Sewer Example  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Illustration  2.4 - Computation  Sheet for Hydraulic  Properties  of Storm Sewer 
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 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 Adams 7 6 1.00 1.00 10.0 1.7 4.2 1.68 0.39 10 1.7 3.0 300 200.00 198.83 

2 Adams 6 5 2.28 3.28 11.7 1.7 4.0 5.25 0.18 18 5.3 3.0 300 198.16 197.62 

3 Adams 5 4 2.40 5.68 13.4 1.3 3.8 8.63 0.23 21 8.65 3.8 300 197.37 196.68 

4 Adams 4 3 2.96 8.64 14.7 1.2 3.7 12.0 0.23 24 13.0 4.1 300 196.43 195.74 

5 2nd 3 2 3.18 11.82 15.9 0.9 3.6 17.0 0.23 27 17.0 4.5 250 195.49 194.91 

6 2nd 2 1 17.84 29.66 16.8 - 3.5 41.6 0.30 36 42.0 6.1 300 194.41 193.51 
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EXAMPLE 2 - 6 

SANITARY SEWER DESIGN 

 

Given:  A concrete box section sanitary sewer with  ònó = 0.013, slope of 1.0% 

and required  full  flow  capacity  of 250 cubic feet  per second. 

 

Find: Size of concrete  box section required  for  full  flow.  

 

Solution:  This problem can be solved using Figure 19 or Table 6. 

 

Figure 19 Find the intersection  of a horizontal  line  through Q = 250 cubic feet 

per second and a slope of 1.0 feet per 100 feet.  The minimum size box 

section is either  a 6 foot  span by 4 foot  rise or a 5 foot  span by 5 foot 

rise. 

 

Table  6 For Q = 250 cubic feet  per second and S1/2  = 0. 100

 

ὅ
ὗ

Ὓ

ςυπ

πȢρππ
ςȟυππ 

In Table 6, under the column headed = 0.013, 3,338 is the  first  value of 

C1,  equal to  or larger than 2,500, therefore  a box section with  a 5 foot 

span X a 5 foot rise is adequate. Looking further in the same column,  a 

box section with  a 6 foot  span and a 4 foot  rise is found to  have a C1,  

value of 3,096, therefore  a 6 X 4 box section is also adequate. 

 

Answer:     Either a 5 foot  X 5 foot  or a 6 foot  X 4 foot  box section would have 

full flow capacity equal to or greater than Q = 250 cubic feet per  

second. 
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CHAPTER  3 
HYDRAULICS OF CULVERTS 

The hydraulic  design procedure for  culverts  requires:  

1. Determination  of Design Flow 

2. Selection of Culvert  Size 

3. Determination  of Outlet  Velocity  

 

DETERMINATION OF DESIGN FLOW 

The United States Geological Survey has developed a nationwide  series of 

water -supply papers titled  the òMagnitude and Frequency of Floods in the United 

States.ó These reports  contain  tables of maximum known floods and charts for 

estimating  the probable magnitude of floods of frequencies ranging from 1 to 50 

years. Table 11 indicates the Geological Survey regions, USGS district  and 

principal field offices and the applicable water -supply paper numbers. Most states 

have adapted and consolidated those parts of the water -supply papers which 

pertain  to  specific  hydrologic areas within  the particular  state.  The hydrologic 

design procedures developed by the various states enable quick and accurate 

determination  of design flow.  It  is recommended that  the culvert  design flow  be 

determined  by methods based on USGS data.  

If USGS data are not available for a particular culvert location, flow quantities 

may be determined  by the Rational Method or by statistical  methods using records 

of flow  and runoff.  An example of the latter  method is a nomograph developed by 

California  and shown in Figure 27. 

 

FACTORS AFFECTING CULVERT DISCHARGE 

Factors affecting  culvert  discharge are depicted  on the culvert  cross section 

shown in Illustration 3.1 and are used in determining the type of discharge control.  

Inlet  Control.  The control  section is located  at  or near the culvert  entrance,  

and, for  any given shape and size of culvert,  the discharge is dependent only on 

the inlet  geometry and headwater  depth.  Inlet  control  will  exist as long as water 

can flow  through the barrel  of the culvert  at  a greater  rate  than water  can enter 

the inlet.  Since the control  section is at the inlet,  the capacity  is not  affected  by any 

hydraulic  factors  beyond the culvert  entrance such as slope, length  or surface 

roughness. Culverts operating  under inlet  control  will  always flow  partially  full.  
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Illustration  3.1 - Factors  Affecting  Culvert  Discharge  

D = Inside diameter  for  circular  pipe 

HW = Headwater depth at culvert entrance 

L = Length of culvert  

n = Surface roughness of the pipe wall, usually expressed in terms of 

Manningõs n 

S
o 

= Slope of the culvert  pipe 

TW = Tailwater  depth at culvert  outlet  

 
 
 
 
 
 
 
 
 

 
Outlet  Control.  The control  section is located  at or near the culvert  outlet  and 

for  any given shape and size of culvert,  the discharge is dependent on all  of the 

hydraulic  factors  upstream from the outlet  such as shape, slope, length,  surface 

roughness, tailwater depth, headwater depth and inlet geometry. Outlet control will 

exist as long as water  can enter  the culvert  at a greater  rate  than water  can flow 

through it.  Culverts operating  under outlet  control  can flow  either  full  or partially 

full.  

Critical  Depth.  Critical  flow  occurs when the sum of the kinetic  energy 

(velocity head) plus the potential energy (static or depth head equal to the depth of 

the flow)  for  a given discharge is at  a minimum.  Conversely, the discharge through 

a pipe with a given total energy head will be maximum at critical flow.  The depth of 

the flow at this point is defined as critical depth, and the slope required to produce 

the flow  is defined  as critical  slope. Capacity of a culvert  with  an unsubmerged 

outlet  will  be established at the point  where critical  flow  occurs. Since under inlet 

control,  the discharge of the culvert  is not  reduced by as many hydraulic  factors  

as under outlet  control,  for  a given energy head, a culvert  will  have maximum 

possible discharge if  it  is operating at critical  flow  with  inlet  control.  The energy 

head at the inlet  control  section is approximately  equal to  the head at the inlet 

minus entrance losses. Discharge is not limited  by culvert  roughness or outlet 

conditions but  is dependent only on the shape and size of the culvert  entrance. 

Although the discharge of a culvert  operating  with  inlet  control  is not related  to 

the pipe roughness, the roughness does determine  the minimum slope (critical 

slope) at which inlet  control  will  occur.  Pipe with  a smooth interior  can be installed 

on a very flat  slope and still  have inlet  control.  Pipe with  a rough interior  must be 

installed on a much steeper slope to have inlet control. Charts of critical depth for 

various pipe and box section sizes and flows are shown in Figures 28 through 32. 

HW 

TW 

Inle 
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SELECTION OF CULVERT SIZE 

The many hydraulic design procedures available for determining the required 

size of a culvert  vary from empirical  formulas to  a comprehensive mathematical 

analysis. Most empirical  formulas,  while  easy to  use, do not lend themselves to 

proper evaluation of all the factors that affect the flow of water through a culvert. 

The mathematical  solution,  while  giving precise results,  is time  consuming. A 

systematic and simple design procedure for  the proper selection  of a culvert  

size is provided by Hydraulic Engineering Series No. 5, by the Federal Highway 

Administration.  The procedure when selecting a culvert  is to  determine  the 

headwater  depth from  the charts for  both assumed inlet  and outlet  controls.  The 

solution which yields the higher headwater  depth  indicates the governing control. 

When this procedure is followed,  Inlet  Control Nomographs, Figures 33 through 37, 

and Outlet  Control Nomographs, Figures 38 through 41, are used. 

An alternative  and simpler method is to use the Culvert  Capacity Charts, 

Figures 42 through 145. These charts are based on the data given in Circular No.  

5 and enable the hydraulic  solution  to  be obtained  directly  without  using the double 

solution  for  both inlet  and outlet  control  required  when the nomographs are used. 

Culvert  Capacity  Chart  Procedure.  The Culvert  Capacity Charts are 

a convenient  tool  for  selection  of pipe sizes when the culvert  is installed  with 

conditions as indicated  on the charts.  The nomographs must be used for  other 

shapes, roughness coefficients,  inlet  conditions or submerged outlets.  
 

List Design  Data  

A. Design discharge Q, in cubic feet per second, with average return period 

(i.e.,  Q25 or Q50,  etc.).  

B. Approximate length L of culvert,  in feet.  

C. Slope of culvert.  

D. Allowable headwater depth,  in feet,  which is the vertical  distance from 

the culvert  invert  (flow  line)  at the entrance to the water  surface elevation  

permissible in the headwater pool or approach channel upstream from the 

culvert.  

E. Mean and maximum flood  velocities  in natural  stream.  

F. Type of culvert  for  first  trial  selection,  including barrel  cross sectional shape 

and entrance type.  
 

Select  Culvert  Size 

A. Select the appropriate  capacity  chart,  Figures 42 to 145, for  the culvert  size 

approximately  equal to the allowable  headwater  depth  divided by 2.0.  

B. Project  a vertical  line  from the design discharge Q to the inlet  control  curve. 

From this intersection  project  a line  horizontally  and read the headwater 

depth on the vertical  scale. If  this headwater  depth  is more than the 

allowable, try the next larger size pipe. If the headwater depth is less than 

the allowable,  check the outlet  control  curves. 

C. Extend the vertical  line  from the design discharge to  the outlet  control 

curve representing the length of the culvert. From this intersection project 

a line  horizontally  and read the headwater  depth plus S
o
L on the vertical  

scale. Subtract S
o
L from the outlet  control  value to obtain  the headwater 
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depth.  If  the headwater  depth is more than the allowable,  try  the next  larger 

size pipe.  If  the headwater  depth is less than the allowable,  check the next 

smaller pipe size following  the same procedure for  both inlet  control  and 

outlet  control.  

D. Compare the headwater depths for inlet and outlet control.  The higher 
headwater depth indicates the governing control.  

 

Determine  Outlet  Velocity  

A. If outlet control governs, the outlet velocity equals the flow quantity divided 

by the flow cross sectional area at the outlet. Depending upon the tailwater 

conditions,  this flow  area will  be between that  corresponding to critical 

depth and the full  area of the pipe.  If  the outlet  is not submerged, it  is 

usually sufficiently  accurate to  calculate  the flow  area based on a depth of 

flow equal to the average of the critical depth and the vertical height of the 

pipe.  

B. If  inlet  control  governs, the outlet  velocity  may be approximated  by 

Manningõs formula  using Figures 2 through 19 for  full  flow  values and 

Figures 20 through 24 for  partial  flow  values. 
 

Record  Selection  
Record final  selection  of culvert  with  size, type,  required  headwater  and 
outlet  velocity.  

 

Nomograph  Procedure.  

The nomograph procedure is used for  selection  of culverts  with 

entrance conditions other than projecting or for submerged outlets.  
 

List Design  Data  

A. Design discharge Q, in cubic feet per second, with average return period 

(i.e.,  Q25 or Q50,  etc.).  

B. Approximate length L of culvert,  in feet.  

C. Slope of culvert.  

D. Allowable headwater depth,  in feet,  which is the vertical  distance from 

the culvert  invert  (flow  line)  at the entrance to the water  surface elevation  

permissible in the headwater pool or approach channel upstream from the 

culvert.  

E. Mean and maximum flood  velocities  in natural  stream.  

F. Type of culvert  for  first  trial  selection,  including barrel  cross sectional shape 

and entrance type.  
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List Design  Data  

EXAMPLE PROBLEMS 

EXAMPLE 3 - I 
CULVERT CAPACITY CHART PROCEDURE 

A. Q
25 

= 180 cubic feet  per second 

Q
50 

= 225 cubic feet  per second 
B. L = 200 feet  

C. S
o 

= 0.01 feet  per foot  
D. Allowable HW = 10 feet  for  25 and 50-year storms 

E. TW = 3.5 feet  for  25-year storm 

TW = 4.0 feet  for  50-year storm 

F. Circular concrete  culvert  with  a projecting  entrance,  n = 0.012 
 

Select  Culvert  Size 

A. Try Ὀ
Ȣ Ȣ

υ  feet or 60 inch diameter as first trial size.  

B. In Figure 54, project  a vertical  line  from  Q = 180 cubic feet  per second to 

the inlet control curve and read horizontally HW = 6.2. Since HW =6.2 is 

considerably less than the allowable  try  a 54 inch diameter.  

In Figure 53, project  a vertical  line  from Q = 180 cubic feet  per second to 

the inlet  control  curve and read horizontally  HW = 7.2 feet.  

In Figure 53, project  a vertical  line  from Q = 225 cubic feet  per second to 

the inlet  control  curve and read horizontally  HW = 9.6 feet.  

C. In Figure 53, extend the vertical line from Q = 180 cubic feet per second to 
the L = 200 feet  outlet  control  curve and read horizontally  HW + S

o
L = 8.0 

feet.  

In Figure 53, extend the vertical line from Q = 225 cubic feet per second to 

the L = 200 feet  outlet  control  curve and read horizontally  

HW + S
o
L = 10.2 feet.  

S
o
L = 0.01 X 200 = 2.0 feet.  

Therefore  HW = 8.0 - 2.0 = 6.0 feet  for  25-year storm 

HW = 10.2 - 2.0 = 8.2 feet  for  50-year storm 

D. Since the calculated  HW for  inlet  control  exceeds the calculated  HW for 

outlet control in both cases, inlet control governs for both the 25 and 50 - 

year storm flows.  
 

Determine  Outlet  Velocity  

A. Enter Figure 4 on the horizontal  scale at  a pipe slope of 0.01 feet  per foot 

(1.0 feet  per 100 feet).  Project  a vertical  line  to the line  representing 54-inch 

pipe diameter.  Read a full  flow  value of 210 cubic feet  per second on the 

vertical scale and a full flow velocity of 13.5 feet per second.  
 

        Calculate      ρȢπχ 
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Enter Figure 20 at 1.07 on the horizontal  scale and project  a vertical  line  to 

the òflowó curve.  At this intersection  project  a horizontal  line  to the 

òvelocityó curve. Directly beneath this intersection read  

ρȢρς on the horizontal scale.  

Calculate ὠυπ ρȢρςzὠὊόὰὰρȢρςzρσȢυ ρυȢρ feet per second.  

Record  Selection  

Use a 54-inch diameter concrete pipe with allowable HW = 10.0 feet 

and actual HW = 7.2 and 9.6 feet respectively for the 25 and 50 year 

storm flows,  and a maximum outlet  velocity  of 15.1 feet  per second. 

EXAMPLE 3 - 2 
NOMOGRAPH PROCEDURE 

 

List Design  Data  

A. Q
25 

= 180 cubic feet  per second 

Q
50 

= 225 cubic feet  per second 
B. L = 200 feet  

C. S
o 

= 0.01 feet  per foot  

D. Allowable HW = 10 feet  for  25 and 50-year storms 

E. TW = 3.5 feet for 25 -year storm 

TW = 4.0 feet  for  50-year storm 

F. Circular concrete  culvert  with  a projecting  entrance,  n = 0.012 

Select  Trial Culvert  Size 

  $
Ȣ Ȣ

υ feet  

Determine  Trial Culvert  Headwater  Depth  

A. Inlet  Control 

(1) For Q = 180 cubic feet  per second and D = 60 inches, Figure 33 
indicates HW/D = 1.25.  Therefore  HW = 1.25 X 5 = 6.25 feet.  

(2) Since HW = 6.25 feet is considerably less than allowable try a 54 -inch 

pipe.  

For Q = 180 cubic feet  per second and D = 54 inches, Figure 33 indicates 

HW/D = 1.6.  Therefore  HW = 1.6 X 4.5 = 7.2 feet.  

For Q = 225 cubic feet  per second and D = 54 inches, Figure 33 indicates 

HW/D = 2.14. Therefore  HW 2.14 X 4.5 = 9.6 feet.  

 
B. Outlet  Control 

(1) TW = 3.5 and 4.0 feet  is less than D = 4.5 feet.  

(2) Table 12, k
e 
= 0.2.  

For D = 54 inches, Q = 180 cubic feet  per second, Figure 28 indicates d
c
, 

3.9 feet  which is less than D = 4.5 feet.  Calculate 

Ὤ
Ȣ Ȣ

τȢς feet  
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For D = 54 inches, Q = 180 cubic feet  per second, k
e 

= 0.2 and L = 200 feet. 
Figure 38 indicates H = 3.8 feet.  

Therefore  HW = 3.8 + 4.2 - (0.01 X 200) = 6.0 feet  (Equation 3). 

For D = 54 inches, Q = 225 cubic feet  per second, Figure 28 indicates 

d
c 
= 4.2 feet  which is less than D = 4.5 feet.  Calculate 

Ὤ
Ὠ Ὀ

ς

τȢς τȢυ

ς
τȢσ 

For D = 54 inches, Q = 225 cubic feet  per second, k
e 

= 0.2 and L = 200 
feet.  

Figure 38 indicates H = 5.9 feet.  

Therefore  HW = 5.9 + 4.3 - (0.01 X 200) = 8.2 feet  (Equation 3). 

 
C. Inlet  control  governs for  both the 25 and 50-year design flows.  

 

Try Another  Culvert  

A 48-inch culvert would be sufficient for the 25 -year storm flow but for the 

50-year storm flow  the HW would be greater  than the allowable.  
 

Determine  Outlet  Velocity  

B. Enter Figure 4 on the horizontal  scale at  a pipe slope of 0.01 feet  per foot 

(1.0 feet  per 100 feet).  Project  a vertical  line  to the line  representing 54-inch 

pipe diameter.  Read a full  flow  value of 210 cubic feet  per second on the 

vertical scale and a full flow velocity of 13.5 feet per second. Calculate  
 

  ρȢπχ

 

Enter Figure 20 at 1.07 on the horizontal  scale and project  a vertical  line  to 

the òflowó curve.  At this intersection  project  a horizontal  line  to the òvelocityó 

curve.  Directly  beneath this intersection  read 

ρȢρς on the horizontal scale.  

Calculate ὠυπ ρȢρςzὠὊόὰὰρȢρςzρσȢυ ρυȢρ feet per second.  

 

Record  Selection  

Use a 54-inch diameter concrete pipe with allowable HW = 10.0 feet and 

actual  HW = 7.2 and 9.6 feet  respectively  for  the 25 and 50-year storm 

flows,  and a maximum outlet  velocity  of 15.1 feet  per second. 

EXAMPLE 3 - 3 
CULVERT DESIGN 

General:  A highway is to  be constructed  on embankment over a creek 

draining 400 acres. The embankment will  be 41-feet  high with  2:1 side 
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slopes and a top width  of 80 feet.  Hydraulic design criteria  requires a 

circular  concrete  pipe,  n = 0.012, with  the inlet  projecting  from the fill. 

To prevent flooding of upstream properties, the allowable headwater  

is 10.0 feet,  and the design storm frequency is 25 years. 

Given:  Drainage Area A = 400 acres 

Roughness 

Coefficient Headwater 

Find: The required  culvert  size. 

 

Solution:  1. Design Flow 

n = 0.012 (See discussion of Manningõs ònó Value) 

HW = 10 feet  (allowable)  

The design flow  for  400 acres should be obtained  using USGS data. 

Rather than present an analysis for a specific area, the design flow 

will  be assumed as 250 cubic feet  per second for  a 25-year storm.  

 
2. Selection of Culvert  Size 

The culvert  will  be set on the natural  creek bed which has a one 

percent  slope. A cross sectional sketch of the culvert  and 

embankment indicates a culvert length of about 250 feet. No flooding 

of the outlet  is expected.  

Trial  diameter  HW/D = 2.0 feet  Ὀ  υ ὪὩὩὸ  

Enter Figure 54, from Q = 250 cubic feet  per second project  a line 

vertically  to  the inlet  control  curve,  read HW = 8.8 feet  on the 

vertical  scale. Extend the vertical  line  to the outlet  control  curve for 

L = 250 feet,  read H + S
o
L = 9.6 on the vertical  scale. S

o
L = 

250 X 0.01 = 2.5 feet.  Therefore,  outlet  control  HW = 9.6 - 2.5 
= 7.1 feet  and inlet  control  governs. 

Enter Figure 53, from Q = 250 cubic feet  per second project  a line 

vertically  to  the inlet  control  curve,  read HW = 10.8 feet  which 

is greater  than the allowable.  

 
3. Determine Outlet  Velocity  

For inlet control, the outlet velocity is determined from Manningõs 

formula.  Entering Figure 4, a 60-inch diameter  pipe with  So = 

1.0 foot  per 100 feet  will  have a velocity  = 14.1 feet  per second 

flowing  full  and a capacity  of 280 cubic feet  per second. 
Enter Figure 20 with  a Proportion  of Value for  Full Flow = 

   or 0.9,  read Depth of Flow = 0.74 and 

Velocity  Proportion  = 1.13. Therefore,  outlet  velocity  = 1.13 X 14.1 = 

15.9 feet  per second. 

Answer:  A 60-inch diameter  circular  pipe would be required.  
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EXAMPLE 3 - 4 
CULVERT DESIGN 

 
General: An 800-foot long box culvert  with an n = 0.012 is to be installed 

on a 0.5% slope. Because utility  lines are to  be installed  in the 

embankment above the box culvert, the maximum rise is limited to  8 

feet.  The box section is required to carry a maximum flow of 1,000 

cubic feet  per second with  an allowable  headwater  depth of 15 feet.  
 

List Design  Data  

A. Q = 1,000 cubic feet  per second 

B. L = 800 feet  

C. S
o 

= 0.5% = 0.005 feet  per foot  

D. Allowable  HW = 15 feet  

E. Box culvert  with  projecting  entrance and n = 0.012 
 

Select  Culvert  Size 

Inspecting the box section culvert capacity charts for boxes with rise equal 

to or less than 8 feet,  it  is found that  a 8 X 8 foot  and a 9 X 7 foot  box 

section will  all  discharge 1,000 cubic feet  per second with  a headwater 

depth equal to or less than 15 feet  under inlet  control.  Therefore,  each of 

the two  sizes will  be investigated.  
 

Determine  Headwater  Depth  

8 X 8 foot  Box Section 

A. Inlet  Control 

Enter Figure 124, from Q = 1,000 project  a vertical  line to the inlet  control 

curve.  Project  horizontally  to the vertical  scale and read a headwater  depth 

of 14.8 feet  for  inlet  control.  

B. Outlet  Control 

Continue vertical  projection  from Q = 1,000 to the outlet  control  curve for  L 

= 800 feet.  Project  horizontally  to vertical  scale and read a value for  (HW + 

S
o
L) = 17.5 feet.  Then HW = 17.5 - S

o
L = 17.5 - (0.005 X 800) = 13.5 feet  for  

outlet  control.  
Therefore  inlet  control  governs. 

 
9 X 7 - foot  Box Section 

Entering Figure 127, and proceeding in a similar manner, find a headwater 

depth of 14.7 for  inlet  control  and 13.1 feet  for  outlet  control  with  inlet 

control  governing. 
 

Determine  Outlet  Velocity  

Entering Table 6, find  area and C1,  value for  each size box section and 
Table A-1 find  value of S1/2  for  S

o 
= 0.005, then Qfull  = C1S1/2 .  

For 8 X 8 - foot  Box Section 

Q
full  

= 12700 X 0.07071 = 898 cubic feet  per second 

V
full  

= Q/A = 899 ÷ 63.11 = 14.2 feet  per second. 
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Then: 

ὗ

ὗ

ρπππ

ψωω
ρȢρρ 

Entering Figure 24.9 on the horizontal scale at 1.11, project a vertical line 

to intersect  the flow  curve.  From this point,  proceed horizontally  to  the 

right and intersect  the velocity curve.  From this point  drop vertically to  the 

horizontal scale and read a value of 1.18 for  V
partial

/V
full  

ratio.  

Then 

V
partial  

= 1.18 X 14.2 = 16.8 feet  per second 

Proceeding in a similar  manner for  the 9 X 7 foot  box section,  Figure 24.7, 

find  a V
partial  

= 16.9 feet  per second. 

Record  Selection  

Use either a 8 X 8 foot box section with an actual HW of 14.8 feet and an 

outlet  velocity  of 16.8 feet  per second or a 9 X 7 foot  box section with  an 

actual  HW of 14.7 feet  and an outlet  velocity  of 16.9 feet  per second. 
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Loads and Supporting Strengths 

 

CHAPTER  4 

LOADS AND SUPPORTING STRENGTHS 

The design procedure for  the selection of pipe strength  requires:  
 

I .  Determination  of Earth Load 

2. Determination  of Live Load 

3. Selection of Bedding 

4. Determination  of Bedding Factor 

5. Application  of Factor of Safety 

6. Selection of Pipe Strength 

TYPES OF INSTALLATIONS 

The earth  load transmitted  to  a pipe is largely  dependent on the type of 
installation.  Three common types are Trench,  Positive Projecting  Embankment, 
and Negative Projecting  Embankment. Pipelines are also installed  by jacking  or 
tunneling methods where deep installations are necessary or where conventional  
open excavation and backfill methods may not be feasible.  The essential features 
of each of these installations  are shown in Illustration  4.1.  

 

Trench.  This type of installation  is normally  used in the construction  of 
sewers, drains and water  mains. The pipe is installed  in a relatively  narrow trench 
excavated in undisturbed  soil and then covered with  backfill  extending to the 
ground surface. 

 

Positive Projecting Embankment. This type of installation is normally used 
when the culvert  is installed  in a relatively  flat  stream bed or drainage path.  The 
pipe is installed  on the original  ground or compacted fill  and then covered by an 
earth fill or embankment.  

 

Negative  Projecting  Embankment.  This type of installation  is normally 
used when the culvert  is installed  in a relatively  narrow and deep stream bed or 
drainage path.  The pipe is installed in a shallow trench of such depth that the top  

of the pipe is below the natural ground surface or compacted fill and then covered 
with  an earth  fill  or embankment which extends above the original  ground level.  

 

Jacked  or Tunneled.  This type of installation  is used where surface 
conditions make it  difficult  to  install  the pipe by conventional  open excavation 
and backfill  methods, or where it  is necessary to  install  the pipe under an 
existing embankment.  A jacking  pit  is dug and the pipe is advanced horizontally 
underground. 
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Illustration  4.1 Essential Features of Types of Installations  

GROUND SURFACE TOP OF EMBANKMENT  
 

H 

 
 

 

Trench  

Positive  Projecting 
Embankment

TOP OF EMBANKMENT  GROUND SURFACE 
 

H H 

 
 

Negative  Projecting 

Embankment  

 
 

Jacked  or  
Tunneled  
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BACKGROUND 
The classic theory of earth loads on buried concrete pipe, published in 1930 

by A. Marston, was developed for  trench  and embankment conditions.  
In later  work published in 1933, M. G. Spangler presented three  bedding 

configurations  and the concept of a bedding factor  to  relate  the supporting 
strength of buried pipe to the strength obtained in a three -edge bearing test.  

Spanglerõs theory  proposed that  the bedding factor  for  a particular  pipeline 
and, consequently,  the supporting strength  of the buried pipe,  is dependent on two 
installation  characteristics:  

1. Width and quality  of contact  between the pipe and bedding. 
2. Magnitude of lateral pressure and the portion of the vertical height of the 

pipe over which it  acts. 
For the embankment condition,  Spangler developed a general equation  for 

the bedding factor, which partially included the effects of lateral pressure. For the 
trench  condition,  Spangler established conservative fixed  bedding factors,  which 
neglected the effects of lateral pressure, for each of the three beddings.  This 
separate development  of bedding factors  for  trench  and embankment conditions 
resulted in the belief  that  lateral  pressure becomes effective  only at trench  widths 
equal to or greater than the transition width. Such an assumption is not compatible 
with  current  engineering concepts and construction  methods. It  is reasonable to 
expect some lateral  pressure to be effective  at trench  widths less than transition 
widths. Although conservative designs based on the work of Marston and  

Spangler have been developed and installed successfully for years, the design 
concepts have their  limitations  when applied to  real  world  installations.  

The limitations  include:  
Å Loads considered acting only at the top of the pipe.  
Å Axial thrust  not considered. 
Å Bedding width  of test  installations  less than width  designated in his 

bedding configurations.  
Å Standard beddings developed to fit  assumed theories for  soil support 

rather than ease of and methods of construction.  
Å Bedding materials  and compaction levels not adequately defined.  

This section discusses the Standard Installations  and the appropriate 
indirect  design procedures to be used with  them.  The Standard Installations  are 
the most recent  beddings developed by ACPA to allow the engineer to  take into 
consideration  modern installation  techniques when designing concrete  pipe.  For 
more information  on design using the Marston/Spangler beddings, see Appendix 
B. 

 

INTRODUCTION 
In 1970, ACPA began a long-range research program on the interaction  of 

buried concrete pipe and soil.  The research resulted in the comprehensive finite 
element computer program SPIDA, Soil-Pipe Interaction Design and Analysis, for 
the direct  design of buried concrete  pipe.  

Since the early 1980õs, SPIDA has been used for  a variety  of studies, 
including the development of four new Standard Installations, and a simplified 
microcomputer  design program, SIDD, Standard Installations  Direct  Design. 

The procedure presented here replaces the historical A, B, C, and D beddings 
used in the indirect  design method and found in the appendix of this manual,  
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with the four new Standard Installations, and presents a state -of-the-art method 
for  determination  of bedding factors  for  the Standard Installations.  Pipe and 
installation terminology as used in the Standard Installations, and this procedure, 
is defined  in Illustration  4.2.  

 

Illustration  4.2 Pipe/Installation  Terminology 

Overfill 
H

 

 
 

Foundation 

(Existing Soil or Compacted Fill) 

 

FOUR STANDARD INSTALLATIONS 
Through consultations with  engineers and contractors,  and with  the results 

of numerous SPIDA parameter  studies, four  new Standard Installations  were 
developed and are presented in Illustration  4.4.  The SPIDA studies were 
conducted for positive projection embankment conditions, which are the worst - 
case vertical load conditions for pipe, and which provide conservative results for 
other embankment and trench conditions.  

The parameter studies confirmed ideas postulated from past experience and 
proved the following  concepts: 

Å Loosely placed, uncompacted bedding directly under the invert of the 
pipe significantly  reduces stresses in the pipe.  

Å Soil in those portions of the bedding and haunch areas directly  
under the pipe  is difficult  to  compact.  

Å The soil in the haunch area from the foundation  to the pipe 
springline provides significant  support to  the pipe and reduces 
pipe stresses. 

Å Compaction level  of the soil directly  above the haunch, from the 
pipe springline to the top of the pipe grade level, has negligible 
effect on pipe stresses. Compaction of the soil in this area is not 
necessary unless required for pavement structures.  

Å Installation materials and compaction levels below the springline have   

 

Top 

Crown 

Haunch 

Springline Lower Side 

 

Invert 

Bedding Bottom 
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a significant  effect  on pipe structural  requirements.  

 
The four  Standard Installations  provide an optimum  range of soil-pipe 

interaction characteristics. For the relatively high quality materials and high 
compaction effort  of a Type 1 Installation,  a lower  strength  pipe is required. 
Conversely, a Type 4 Installation requires a higher strength pipe, because it was 
developed for  conditions of little  or no control  over materials  or compaction.  

Generic soil types are designated in Illustration  4.5.  The Unified  Soil 
Classification System (USCS) and American Association of State Highway and 
Transportation Officials (AASHTO) soil classifications equivalent to the generic soil 
types in the Standard Installations  are also presented in Illustration  4.5.  

 

Illustration  4.3 Standard Trench/Embankment  Installation  
 
 
 

 

Overfill Soil 

Category I, II, III 
H 

 
 
 
 
 

 
Springline 

Do/6 
D

 

(Min.) 

 
 
 
 

 
Di 

 
Do (Min.)  

Haunch - See 

Illustration 4.4 

Lower Side - See 

Illustration 4.4 

 
 
 
 
 

 

Bedding 

See Illustrations 4.4 & 4.5 

 
Outer bedding materials 

and compaction each side, 
same requirements as 

haunch 

 
Do/3 

 

Foundation 

 
Middle Bedding loosely 
placed uncompacted 
bedding except Type 4 

The SPIDA design runs with  the Standard Installations  were made with 
medium compaction of the bedding under the middle -third  of the pipe,  and with 
some compaction of the overfill  above the springline of the pipe.  This middle - 
third  area under the pipe in the Standard Installations  has been designated as 
loosely placed,  uncompacted material.  The intent  is to maintain  a slightly  yielding 
bedding under the middle -third of the pipe so that the pipe may settle slightly into 
the bedding and achieve improved load distribution.  Compactive efforts  in the 
middle -third of the bedding with mechanical compactors is undesirable, and could  
produce a hard flat  surface,  which would result  in highly concentrated  stresses in 

o 
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Illustration  4.4 Standard Installations  Soil and Minimum Compaction 
Requirements 

 
 
 
 
 

 
less than 150 mm (6").  

 
 
 
 

less than 150 mm (6").  

 
 
 
 

less than 150 mm (6") . 

 
 
 
 
 

 
1. Compaction and soil symbols - i.e.  ò95% Category Ió- refers to Category I soil material with minimum 

standard Proctor compaction of 95%. See Illustration  4.5 for  equivalent  Modified Proctor values. 

2. Soil in the outer bedding, haunch, and lower side zones, except under the middle1/3 of the pipe, shall be 

compacted to at least the same compaction as the majority  of soil in the overfill  zone. 

3. For trenches, top elevation shall be no lower than 0.1 H below finished grade or, for roadways, its top 

shall be no lower  than an elevation  of 1 foot  below the bottom  of the pavement base material.  

4. For trenches, width  shall be wider than shown if required for adequate space to attain the specified 

compaction in the haunch and bedding zones. 

5. For trench  walls that  are within  10 degrees of vertical,  the compaction or firmness of the soil in the 

trench walls and lower side zone need not be considered.  

6. For trench walls with greater than 10 degree slopes that consist of embankment, the lower side shall be 

compacted to at least the same compaction as specified for  the soil in the backfill  zone. 

7. Subtrenches  

7.1 A subtrench is defined  as a trench  with  its top below finished grade by more than 0.1 H or,  for 

roadways, its top is at an elevation  lower  than 1ft.  below the bottom  of the pavement base material.  

7.2 The minimum width of a subtrench shall be 1.33 D
o 

or wider if required for adequate space to attain 

the specified compaction in the haunch and bedding zones. 

7.3 For subtrenches with walls of natural soil, any portion of the lower side zone in the subtrench wall 

shall be at least as firm as an equivalent soil placed to the compaction requirements specified for 

the lower side zone and as firm as the majority of soil in the overfil l zone, or shall be removed and 

replaced with  soil compacted to  the specified level.  

Installation 
Type 

Bedding 
Thickness 

Haunch  and 
Outer  Bedding  

Lower  Side 

Type 1 Do/24  minimum,  not 
less than 75 mm (3"). 
If  rock foundation,  use 
Do/12  minimum,  not 

95% Category I 90% Category I, 
95% Category II, 
or 

100% Category III 

Type 2 Do/24  minimum,  not 
less than 75 mm (3"). 
If  rock foundation,  use 
Do/12  minimum,  not 

90% Category I 
or 
95% Category II 

85% Category I, 
90% Category II, 
or 

95% Category lIl  

Type 3 Do/24  minimum,  not 
less than 75 mm (3"). 
If  rock foundation,  use 
Do/12  minimum,  not 

85% Category I, 
90% Category II, 
or 

95% Category III 

85% Category I, 
90% Category II, 
or 

95% Category III 

Type 4 No bedding 
required,  except  

No compaction 
required,  except 

No compaction 
required,  except if  

 if  rock foundation,  use 
Do/12  minimum,  not 
less than 150 mm (6").  

if  Category III, 
use 85% 
Category III 

Category III, 
use 85% 
Category III 

Notes:     
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the pipe invert  similar  to those experienced in the three -edge bearing test.  The 
most desirable construction sequence is to place the bedding to grade; install the 
pipe to grade; compact the bedding outside of the middle -third  of the pipe;  and 
then place and compact the haunch area up to the springline of the pipe.  The 

bedding outside the middle -third  of the pipe may be compacted prior  to  placing the 
pipe.  

As indicated  in Illustrations  4.3 and 4.4,  when the design includes surface 
loads, the overfill  and lower  side areas should be compacted as required  to 
support the surface load.  With no surface loads or surface structure requirements, 
these areas need not be compacted.  

 

Illustration  4.5 Equivalent USCS and AASHTO Soil Classifications for  Standard 

Installation  Soil Designations 

Representative  Soil Types Percent  Compaction  

SIDD Soil USCS Standard  AASHTO Standard  Proctor  Modified  Proctor  

Gravelly  Sand 

(Category I) 

SW, SP, 

GW, GP 

A1, A3 100 

95 

95 

90 
   90 85 
   85 80 
   80 75 
   61 59 

Sandy  Silt GM, SM, ML, A2, A4 100 95 

(Category II) Also GC, SC  95 90 
 with  less than  90 85 
 20% passing  85 80 
 #200 sieve  80 75 

 49 46 

Silty Clay  

(Category III) 

CL, MH, GC, 

SC 

A5, A6 100 

95 

90 

85 
   90 80 
   85 75 
   80 70 
   45 40 

SELECTION OF STANDARD INSTALLATION 
The selection  of a Standard Installation  for  a project  should be based on 

an evaluation of the quality of construction and inspection anticipated. A  Type 
1 Standard Installation  requires the highest construction  quality  and degree 
of inspection.  Required construction  quality  is reduced for  a Type 2 Standard 
Installation,  and reduced further  for  a Type 3 Standard Installation.  A Type 4 
Standard Installation  requires virtually  no construction  or quality  inspection.  

Consequently, a Type 4 Standard Installation will require a higher strength pipe, 
and a Type I Standard Installation will require a lower strength pipe for the same 
depth of installation.  

 

LOAD PRESSURES 
SPIDA was programmed with  the Standard Installations,  and many design 

runs were made. An evaluation  of the output  of the designs by Dr. Frank J. 
Heger produced a load pressure diagram significantly  different  than proposed by 
previous theories. See Illustration 4.6.  This difference is particularly significant  
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soil unit 3) weight,  (lbs/ft  

 

under the pipe in the lower  haunch area and is due in part  to  the assumption of 
the existence of partial  voids adjacent  to  the pipe wall  in this area. SIDD uses 
this pressure data to  determine  moments, thrusts,  and shears in the pipe wall, 
and then uses the ACPA limit  states design method to determine  the required 
reinforcement  areas to  handle the pipe wall  stresses. Using this method,  each 
criteria  that  may limit  or govern the design is considered separately in the 
evaluation  of overall  design requirements.  SIDD, which is based on the four 
Standard Installations,  is a stand-alone program developed by the American 
Concrete Pipe Association. 

The Federal Highway Administration,  FHWA, developed a microcomputer 
program, PIPECAR, for the direct design of concrete pipe prior to the development 
of SIDD. PIPECAR determined  moment,  thrust,  and shear coefficients  from either 
of two  systems, a radial  pressure system developed by Olander in 1950 and a 
uniform  pressure system developed by Paris in the 1920õs, and also used the 

ACPA limit states design method to determine the required reinforcement areas to 
handle the pipe wall  stresses. The SIDD system was eventually  incorporated  into 
PIPECAR as a state-of-the-art  enhancement.  More recently,  PIPECAR has been 
replaced with  Eriksson Pipe software.  

 

DETERMINATION OF EARTH LOAD 
Positive Projecting Embankment Soil Load. Concrete pipe can be installed  in 

either an embankment or trench condition as discussed previously. The type of 
installation has a significant effect on the loads carried by the rigid pipe. Although 
narrow trench installations are most typical, there are many cases where the pipe  
is installed in a positive projecting embankment condition, or a trench with a width 
significant  enough that  it  should be considered a positive  projecting  embankment 
condition. In this condition the soil along side the pipe will settle more than the soil 
above the rigid  pipe structure,  thereby  imposing additional  load to the prism of 
soil directly  above the pipe.  With the Standard Installations,  this additional  load is 
accounted for  by using a Vertical  Arching Factor,  VAF. This factor  is multiplied  by 

the prism load,  PL, (weight  of soil directly  above the pipe) to give the total  load of 
soil on the pipe.  

W = VAF x PL (4.1) 
 

Unlike the previous design method used for  the Marston/Spangler beddings 
there  is no need to assume a projection  or settlement  ratio.  The Vertical  Arching 
Factors for the Standard Installations are as shown in Illustration 4.7.  The equation 
for  soil prism load is shown below in Equation 4.2.  

 
The prism load,  PL, is further  defined  as: 

 ὖὒ  ‎ Ὄ Ὀ  (4.2) 

where:  

ƞ
s 

= 

H = height of fill,  (ft)  

Do  
= outside diameter,  (ft)  
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Illustration  4.6 Arching Coefficients  and Heger Earth Pressure Distributions  
 

 

 

Installation  

Type VAF HAF A1 A2 A3 A4 A5 A6 a b  c  e f u v 

1 1.35 0.45 0.62 0.73 1.35 0.19 0.08 0.18 1.40 0.40 0.18 0.08 0.05 0.80 0.80 

2 1.40 0.40 0.85 0.55 1.40 0.15 0.08 0.17 1.45 0.40 0.19 0.10 0.05 0.82 0.70 

3 1.40 0.37 1.05 0.35 1.40 0.10 0.10 0.17 1.45 0.36 0.20 0.12 0.05 0.85 0.60 

4 1.45 0.30 1.45 0.00 1.45 0.00 0.11 0.19 1.45 0.30 0.25 0.00 - 0.90 - 

Notes :                

1. VAF and HAF are vertical and horizontal arching factors.  These coefficients represent non -dimensional total vertical 

and horizontal  loads on the pipe,  respectively.  The actual  total  vertical  and horizontal  loads are (VAF) X (PL) and (HAF) 

X (PL), respectively,  where PL is the prism load.  

2. Coefficients  A1 through A6 represent the integration  of non-dimensional vertical  and horizontal  components of soil 

pressure under the indicated  portions of the component pressure diagrams (i.e.  the  area under the component 

pressure diagrams). The pressures are assumed to vary either  parabolically  or linearly,  as shown, with  the non- 

dimensional magnitudes at governing points represented by h1, h2, uh1, vh2, a and b. Non-dimensional horizontal  and 

vertical  dimensions of component pressure regions are defined by c, d, e, vc, vd, and f coefficients.  

3. d is calculated  as (0.5-c-e). 

h1 is calculated  as (1.5A1) /  (c) (1+u). 

h2 is calculated  as (1.5A2) /  [(d)  (1+v) + (2e)] 

 
 

Illustration  4.7 Vertical  Arching Factor (VAF) 

 
 
 
 

Note:  

1. VAF are vertical arching factors. These coefficients represent nondimensional total vertical loads on the pipe. The  

actual  total  vertical  loads are (VAF) X (PL), where PL is the prism load.  

Standard  Installation  VAF 

Type 1 1.35 

Type 2 1.40 

Type 3 1.40 

Type 4 1.45 
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Trench Soil Load.  In narrow or moderate trench  width  conditions,  the 
resulting earth load is equal to the weight of the soil within the trench minus the 
shearing (frictional) forces on the sides of the trench. Since the new installed 
backfill material will settle more than the existing soil on the sides of the trench, 
the friction along the trench walls will relieve the pipe of some of its soil burden. 
The Vertical Arching Factors in this case will be less than those used for 
embankment design. The backfill load on pipe installed in a tr ench condition is 
computed by the equation : 

 7 #ɾ" ɾ                                                                               (4.3) 

 

The trench  load coefficient,  C
d
,  is further  defined  as: 

ὅ                                                                                          (4.4) 

where :  

Bd = width of trench, (ft)  

K = ratio of active lateral unit pressure to vertical unit pressure  

Õõ = tan Ưõ, coefficient of friction between fill material and sides of trench  

 

The value of C
d 

can be calculated using equation 4.4 above, or read from Figure 
214 in the Appendix . 

Typical values of Kµ' are:  

KÕõ = .1924 Max. for  granular materials  without  cohesion 
 KÕõ = .165 Max for  sand and gravel 
 KÕõ = .150 Max. for  saturated  top soil 
 KÕõ = .130 Max. for  ordinary  clay 
 KÕõ = .110 Max for  saturated  clay 

 
As trench  width  increases, the reduction  in load from the frictional  forces 

is offset  by the increase in soil weight  within  the trench.  As the trench  width 
increases it  starts to  behave like  an embankment,  where the soil on the side of 
the pipe settles more than the soil above the pipe. Eventually, the embankment  

condition  is reached when the trench  walls are too far  away from the pipe to help 
support the soil immediately  adjacent  to it.  The transition  width  is the width  of a 
trench  at a particular  depth  where the trench  load equals the embankment load. 
Once transition  width  is reached, there  is no longer any benefit  from frictional 
forces along the wall of the trench. Any pipe installed in a trench width equal to or 
greater  than transition  width  should be designed for  the embankment condition.  

Tables 13 through 39 are based on equation (4.2) and list the transition widths 
for  the four  types of beddings with  various heights of backfill.  

 

Negative  Projection  Embankment  Soil Load.  The fill  load on a pipe 
installed  in a negative projecting  embankment condition  is computed by the 
equation:  

 
 

http://www.concretepipe.org/


Loads and Supporting Strengths 35 

American Concrete Pipe Association Å www.concretepipe.org  CPDPGN018-1 

 

 

ὡ ὅύὄ                                                                                                   (4.5)  

The embankment load coefficient  C
n 

is further  defined  as: 

ὅ                                                  when H< He                 (4.6) 

ὅ Ὡ                     when H> He                 (4.7)  

 

The settlements  which influence  loads on negative projecting  embankment installations  
are shown in Illustration  4.8.  

 

Illustration  4.8 Settlements Which Influence Loads Negative Projection 
Embankment Installation  

 

The settlement ratio is the numerical relationship between the pipe deflection 
and the relative  settlement  between the prism of fill  directly  above the pipe and 
adjacent soil.  It is necessary to define the settlement ratio for negative projection 
embankment installations.  Equating the deflection  of the pipe and the total 
settlement  of the prism of fill  above the pipe to the settlement  of the adjacent  soil, the 
settlement  ratio  is: 

ὶ                                                                             (4.8)  

Recommended settlement  ratio  design values are listed  in Table 40. The 
projection ratio (põ) for this type of installation is the distance from the top of the 
pipe to the surface of the natural ground or compacted fill at the time of installation 
divided  by the width  of the trench.  Where the ground surface is sloping, the 
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average vertical  distance from the top of the pipe to the original  ground should be 
used in determining  the projection  ratio  (põ). Figures 194 through 213 present fill 
loads in pounds per linear  foot  for  circular  pipe based on projection  ratios of 0.5, 
1.0,  1.5,  2.0 and settlement  ratios of 0, -0.1,  -0.3,  -0.5 and -1.0.  The dashed H = 

põB
d 

line represents the limiting condition where the height of fill is at the same 
elevation  as the natural  ground surface. The dashed H = H

e 
line  represents the 

condition where the height of the plane of equal settlement (H
e
) is equal to the 

height  of fill  (H). 
 

Jacked  or Tunneled  Soil Load.  This type of installation  is used where 
surface conditions make it  difficult  to install  the pipe by conventional  open 
excavation and backfill methods, or where it is necessary to install the pipe under 
an existing embankment.  The earth  load on a pipe installed  by these methods is 
computed by the equation:  

ὡ  ὅύὄ ςὧὅὄ                                                                    (4.9) 
 
Where:  
Bt  = width of tunnel bore, (ft)  
 
The jacked or tunneled load coefficient C t  is further defined as:  

ὅ                                                                               (4.10) 

 

In equation (4.9)  the C
t
w B

t
2 term  is similar  to the Negative Projection 

Embankment equation  (4.5)  for  soil loads and the 2cC
t
B

t  
term  accounts for  the 

cohesion of undisturbed  soil.  Conservative design values of the coefficient  of 
cohesion for  various soils are listed  in Table 41. Figures 147, 149, 151 and 153 
present values of the trench load term ( C

t
w Bt 2) in pounds per linear foot for a soil 

density of 120 pounds per cubic foot  and KÕõ values of 0.165, 0.150, 0.130 and 
0.110. Figures 148, 150, 152 and 154 present values of the cohesion term  (2cC

t
B

t
) 

divided  by the design value for  the coefficient  of cohesion (c).  To obtain  the total 
earth  load for  any given height  of cover,  width  of bore or tunnel  and type of soil, 
the value of the cohesion term  must be multiplied  by the appropriate  coefficient 
of cohesion (c) and this product subtracted from the value of the trench load term.  

 

FLUID LOAD 
Fluid weight  typically  is about the same order of magnitude as pipe weight 

and generally represents a significant portion of the pipe design load only for large 
diameter pipe under relatively shallow fills. Fluid weight has been neglected in the 
traditional  design procedures of the past,  including  the Marston Spangler design 
method utilizing  the B and C beddings. There is no documentation  of concrete 
pipe failures  as a result  of neglecting fluid  load.  However, some specifying 
agencies such as AASHTO and CHBDC, now require  that  the weight  of the fluid  
inside the pipe always be considered when determining  the D-load.  

The Eighth Edition of the AASHTO LRFD Bridge Design Specifications states: 
òThe weight of fluid, W

F
, in the pipe shall be considered in design based on a fluid 

weight,  ƞ
w
,  of 62.4 lbs/cu.ft,  unless otherwise  specified.ó 

DETERMINATION OF LIVE LOAD 
To determine the required supporting strength of concrete pipe installed under 
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asphalt, other flexible pavements, or relatively shallow earth cover, it is necessary  
to evaluate the effect  of live  loads, such as highway truck  loads, in addition  to dead 
loads imposed by soil and surcharge loads. 

If  any culvert  or sewer pipe is within  the heavy duty  traffic  highway right -of- 
way, but not under the pavement structure, then such pipe should be analyzed for 
the effect  of live  load transmission from an unsurfaced roadway,  because of the 
possibility  of trucks leaving the pavement.  

For single-span culverts, the effect of live load may be neglected where the 
depth of fill  is more than 8.0 ft.  and exceeds the span length.  For multiple  span 
culverts,  the effects  of the live load may be neglected where the depth of fill 
exceeds the distance between inside faces of end walls.  

The AASHTO design loads commonly used in the past were the HS 20 with 
a 32,000 pound axle load in the Design Truck Configuration,  and a 24,000 pound 
axle load in the Design Tandem Configuration.  

The current  AASHTO LRFD designates an HL 93 Live Load. This load 
consists of a 32,000 pound axle load in the Design Truck Configuration, or  
a 25,000 pound axle load in the Design Tandem Configuration.  The HL 93 

designation includes,  a 640 pound per linear  foot  Lane Load, applied across a 
10 foot wide lane. Per the AASHTO LRFD Bridge Design Specifications, this load 
need not be applied to buried pipe.  

The load carried  on dual wheels by the design trucks are 16,000 pounds 
and 12,500 pounds for  the single axle and design tandem,  respectively.  The 
contact area of the dual wheels with the ground is assumed to be rectangular, with 
dimensions presented in Illustration  4.9 (b).  

 

Illustration  4.9 AASHTO Wheel Load Surface Contact Area (Foot Print)  

 

Impact Factors.  The AASHTO LRFD Standard applies a dynamic load allowance,  
sometimes called Impact Factor,  to account for  the truck  load being non-static. The 
dynamic load allowance, IM, is determined by Equation 4.11. It should be noted that 
the influence of the Impact Factor decreases with the depth.  

        Ὅὓ σσρȢπ πȢρςυ Ὄ πϷ (4.11) 

where,  

H = height of earth cover over the top of the pipe, ft. 

Number  of Design  Lanes: Highway Live Load design may incorporate  up to 4 
lanes of traffic.  The width  of each lane,  for  the purposes of designing buried pipe, is 
10 ft.  On a single axle, the wheels are spaced 6 feet apart center -to-center.  Passing 
distance between vehicles is 4 feet (see Illustration 4.10), thus resulting in a total  of 
10 feet  used as the design lane width.  
 

Multiple  Presence  of Live Load:  The extreme  live  load force  effect  shall be 
determined  by considering each possible combination  of number of loaded lanes 
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multiplied  by a corresponding multiple  presence factor  (m) to account for  the 
probability of simultaneous lane occupation by the full HL 93 design live load.  The 
multiple  presence factors  are shown in Illustration  4.11. 

 

Illustration  4.10 AASHTO Wheel Loads and Wheel Spacings 
 

 
 

Illustration  4.11 Multiple  Presence Factors, m 
Number  of Loaded  Lanes Multiple  Presence  Factors,  m 

1 1.20 

2 1.00 

3 0.85 

>3 0.65 

 
In most cases, traffic will be traveling parallel to the span of the culvert. For this 
condition,  AASHTO stipulates  that  only one lane needs to be considered with the 
appropriate multiple presence factor.  However, if the traffic is traveling 
perpendicular  to the  span, or you are uncertain  of the traffic  orientation  to the 
pipe, multiple  lanes should be considered with  the appropriate  multiple  presence 
factor as  per Illustration  4.11. 

 

Load  Distribution.  For fill  heights 2 feet  and greater  the surface load is 
assumed to be uniformly  spread on any horizontal  subsoil plane.  The spread load 
area is developed by increasing the length and width of the wheel contact area for 
a load configuration  as shown in Illustration  4.13. For fill  heights less than 2 feet 
no allowance is made for  spread through the soil in the direction  perpendicular  to 
the span. However, an additional  allowance is made for  spreading the live  load 
through the pipe.  
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Distribution  for Fill Heights  Less than  2 feet.  For fill  heights less than 2 

feet:  
The live  load spread through the soil in the direction  perpendicular  to the span 

for  these conditions shall be: 

 
Ὁ ωφ ρȢττὛ   (4.12) 

 
The live load spread through the soil in the direction parallel to the span for 

these conditions shall be: 

Ὁ ὒ ὒὒὈὊ Ὄ        (4.13) 

where:  
E  =  equivalent distribution width perpendicular to span (in.)  
S   =  clear span (ft)  
Espan  =  equivalent distribution length parallel to span (in.)  
LT  =  length of tire contact area parallel to span (in.)  
LLDF   =  factor for distribution of live load through fill (see Illustration 4.12)  
H   =  depth of fill from top of culvert to top of pavement (in.)  

 
Pipe with  1.0 feet  or more,  but  less than 2 feet  of cover,  are designed for  a 

depth of 1.0 feet.  

Illustration  4.12 Live Load Distribution  Factor (LLDF) for  Buried Structures 

Structure  Type LLDF Transverse or Parallel  to Span 

Concrete Pipe with  fill  depth 2 ft  or 

greater  

1.15 for  diameter  2 ft  or less 

1.75 for  diameters 8 ft  or greater  

Linearly interpolate  for  LLDF between these limits  

All other  culverts and buried structures 1.15 

Distribution  for Fill Heights  of 2 Feet and  Greater  
a)  Traffic parallel  to  the  culvert  span  

Live load is spread through the soil in both directions  as shown in Illustration 4.13. 
The direction of the distribution is separated into distribution perpendicular to the 
culvert  span and distribution  parallel  to the culvert  span. 

 
For the live load distribution perpendicular to culvert spans, the wheel/axle load 
interaction  depth H

int -t  
shall be determined  as: 

Ὄ
ί

ύ
ρς

πȢπφὈ
ρς

ὒὒὈὊ
 (4.14) 

 where H < H
int -t  

,  the effect  of the wheels from a single axle do not 

interact  and the live  load patch at the horizontal  plane at the top  of the 
pipe is equal to:  

ύ
ύ

ρς
ὒὒὈὊὌ πȢπφ

Ὀ

ρς
 (4.15) 

 where H Ó Hint-t , the effect of the wheels from a single axle 
interact  and the live load patch at the horizontal plane at the top of 
the pipe is equal to:  

ύ
ύ

ρς
Ὓ ὒὒὈὊὌ πȢπφ

Ὀ

ρς
 (4.16) 

For the live  load distribution  parallel  to culvert  span, the wheel/axle  load  
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interaction depth H
int -p 

shall be determined  as: 

Ὄ
ί

ὰ
ρς

ὒὒὈὊ
 

(4.17) 

where H < Hint-p, the spread from the axles do not interact and 
therefore the live load patch length at the horizontal plane at the 
top of the pipe is equal to :  

ὰ
ὰ

ρς
ὒὒὈὊὌ  (4.18) 

where H Ó H
int  

,  the spread from the axles interact  and therefore  the 

live load patch length at the horizontal plane at the top of the pipe is 
equal to:  

ὰ
ὰ

ρς
ί ὒὒὈὊὌ  (4.19) 

where:  

lw = live  load patch length at depth H (ft.)  

ww = live  load patch width  at depth H (ft.)  

A
LL

= lw*ww = rectangular  area at depth H (ft 2) 

Hint -t  = wheel interaction depth perpendicular to culvert span (ft.) 

sw = wheel spacing, 6.0 (ft.)  

wt  = tire  patch width,  20 (in.)  

Di = inside diameter  or clear span of the culvert  span (in.) 

LLDF = live  load distribution  factor  as specified in Illustration  4.12 

H = depth of fill  over culvert  (ft.)  

Hint -p = axle interaction  depth parallel  to culvert  span (ft.)  

sa = axle spacing, 14 feet  for  single axles, and 4 feet  between 
individual  tandem axles 

l t = tire  patch length,  10 (in.)  

The live  load vertical  crown pressure shall be determined  as: 

ὖ
ὖ ρ

Ὅὓ
ρππά

ὃ
 (4.20) 

where:  
 
PL = live load vertical crown pressure (ksf)  

P  = live  load applied at surface from all  interacting  wheels (kip) 
IM = dynamic load allowance as specified  in (4.11) 
m = multiple  presence factor  shown in Illustration  4.11 

 

b)  Traffic perpendicular  to the  culvert  span  

The provisions of section (a) shall apply with  terms w
t  
and s

w 
in equations 

4.14 through 4.16 replaced by l
t  
and s

a 
respectively,  and the terms l

t  
and s

a 
in 

equations 4.17 through 4.19 replaced by w
t 
and s

w 
respectively. For the case when 

traffic  is perpendicular  to the culvert  span, multiple  lanes must be considered. 
As indicated  by Illustrations  4.14 and 4.15, the spread load areas from 
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adjacent wheels will overlap as height of earth cover over the top of the pipe 
increases. 

Illustration  4.13 Spread  Load  Area  -Single  Dual  Wheel  

 

Illustration  4.14 Spread Load Area - Two Single Dual  Wheels of  Trucks in 
Passing Mode  

 
 

Illustration  4.15 Spread  Load  Area  - Two Single  Dual  Wheels  of Tandem  

Axles  in Passing Mode  

 

http://www.concretepipe.org/


Loads and Supporting Strengths 42 

American Concrete Pipe Association Å www.concretepipe.org  CPDPGN018-1 

 

 

Total Live Load. A designer is concerned with the maximum possible 
loads, which occur when the distributed  load area is centered  over the buried 
pipe. Depending on the pipe size and height of cover, the most critical loading  
orientation can occur either when the truck travels perpendicular or parallel to the 
centerline  of the pipe.  Illustration  4.16 shows the dimensions of the spread load 
area, A, as related to whether the truck travel is perpendicular or parallel to the 
centerline  of the pipe.  

 

Illustration  4.16  Spread Load Area Dimensions vs Direction  of Truck 
 

 

 

Total Live Load  in Pounds per  Linear  Foot. The total  live  load in pounds 
per linear  foot,  W

L
,  is calculated  by multiplying  the pressure in psf by the apropriate 

length  of the live  load spread in the direction  of the span, as shown in Equation 
4.21. 

ὡ ὖ Ὓ  (4.21) 

where:  

WL = live load on top of pipe, pounds per linear foot  

PL  = live load vertical crown pressure (ksf)  

SL   = outside horizontal span of pipe, Bc, or dimension of load area  
             perpendicular t o the longitudinal axis of pipe, whichever is  
             less, feet  

 
In most cases, traffic  will  be traveling  parallel  to the span of the culvert,  and 

according to code, only one lane needs to be considered with  the appropriate 
multiple  presence factor.  However, if  the traffic  is traveling  perpendicular  to the 
span, or you are uncertain  of the traffic  orientation  to the pipe,  the total  live  load 
W

L
,  must be calculated  for  several lane conditions using Equation 4.21 and the 

maximum value used for  design. 
 

Airports.  The distribution  of aircraft  wheel loads on any horizontal  plane in 
the soil mass is dependent on the magnitude and characteristics  of the aircraft 
loads, the aircraftõs landing gear configuration,  the type of pavement structure 
and the subsoil conditions. Heavier gross aircraft weights have resulted in multiple 
wheel undercarriages consisting of dual wheel assemblies and/or  dual tandem 
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assemblies. The distribution  of wheel loads through rigid  pavement are shown in 
Illustration  4.17. 

If  a rigid  pavement is provided,  an aircraft  wheel load concentration  is 
distributed over an appreciable area and is substantially reduced in intensity at the 
subgrade. For multi -wheeled landing gear assemblies, the total  pressure intensity 
is dependent on the interacting  pressures produced by each individual  wheel.  The 
maximum load transmitted  to a pipe varies with  the pipe size under consideration, 
the pipeõs relative location with respect to the particular landing gear configuration 
and the height  of fill  between the top of the pipe and the subgrade surface.  

For a flexible pavement, the area of the load distribution at any plane in 
the soil mass is considerably less than for a rigid pavement.  The interaction of 
pressure intensities due to individual wheels of a multi -wheeled landing gear 
assembly is also less pronounced at any given depth of cover.  

In present airport design practices, the aircraftõs maximum takeoff weight 
is used since the maximum landing weight  is usually considered to be about 
three  fourths  the takeoff  weight.  Impact is not  considered, as criteria  are not  yet 
available to  include dynamic effects  in the design process. 

 

Rigid Pavement  

Illustration  4.17 Aircraft  Pressure Distribution,  Rigid Pavement 

 

 

Fill Height H = 2 Feet 
 

Fill Height H = 6 Feet 
 

Rigid pavement has been ignored for AASHTO Loads but with extremely 
heavy aircrafts the Engineer may want to incorporate the benefits in distribution 
from the pavement.  

The pressure intensity  is computed by the equation:  

ὴὌȟὢ
ὅὖ

Ὑ
 (4.22) 

where:  

P = Load at the  surface, pounds 
C = Load coefficient,  dependent on the horizontal  distance (X), the 

vertical  distance (H),  and R
s
 

Rs = Radius of Stiffness of the pavement,  feet  
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Rs is further  defined  as: 

Ὑ
ὉὬ

ρςρ ‘Ὧ
 
ρ

ρς
 (4.23) 

where:  

E = modulus of elasticity  of the pavement,  pounds per square inch 

h = pavement thickness, inches 
µ = Poissonõs ratio (generally assumed 0.15 for concrete pavement) 

k = modulus of subgrade reaction,  pounds per cubic inch 

Tables 46 through 50 present pressure coefficients in terms of the radius of 
stiffness as developed by the Portland Cement Association and published in the 
report  òVertical Pressure on Culverts Under Wheel Loads on Concrete Pavement 
Slabs.ó3

 

Values of radius of stiffness are listed in Table 52 for pavement thickness and 
modulus of subgrade reaction.  

Tables 53 through 55 present aircraft  loads in pounds per linear  foot  for 
circular,  horizontal  elliptical  and arch pipe.  The Tables are based on equations 
4.22 and 4.23 using a 180,000 pound dual tandem wheel assembly, 190 pounds 
per square inch tire pressure, 26 -inch spacing between dual tires, 66 -inch spacing 
between tandem axles, k value of 300 pounds per cubic inch,  12-inch,  thick 
concrete  pavement and an R

s
,  value of 37.44 inches. Subgrade and subbase 

support for  a rigid  pavement is evaluated in terms of k,  the modulus of subgrade 
reaction.  A k value of 300 pounds per cubic inch was used, since this value 
represents a desirable subgrade or subbase material.  In addition,  because of the 
interaction between the pavement and subgrade, a lower value of k (representing 
reduced subgrade support)  results in less load on the pipe.  

Although Tables 53 through 55 are for  specific  values of aircraft  weights and 
landing gear configuration,  the tables can be used with  sufficient  accuracy for  all 
heavy commercial aircraft currently in operation. Investigation of the design loads 
of future  jets  indicates that  although the total  loads will  greatly  exceed present 
aircraft  loads, the distribution  of such loads over a greater  number of landing 
gears and wheels will  not impose loads on underground conduits greater  than by 

commercial  aircraft  currently  in operation.  For lighter  aircrafts  and/or  different  rigid 
pavement thicknesses, it  is necessary to calculate  loads as illustrated  in Example 
4.10. 

 

Flexible Pavement. AASHTO considers flexible pavement as an unpaved 
surface and therefore  live  load distributions  may be calculated  as if  the load were 
bearing on soil. Cover depths are measured from the top of the flexible pavement.  

 

Railroads. In determining the live load transmitted to a pipe installed under 
railroad  tracks,  the weight  of the locomotive  axles plus the weight  of the track 
structure, is considered.  

The American Railway Engineering and Maintenance of Way Association 
(AREMA) recommends a Cooper E80 loading with  axle loads and axle spacing 
as shown in Illustration  4.19. Per AREMA, the Train Axle Load or E80 loading is 

equal to  P=80,000 pounds. Based on a uniform  load distribution  at  the bottom  of 
the ties and through the soil mass, the live load transmitted  to a pipe underground 
is computed through the following procedure.  

The E80 live  load is 1:2 at each side, as shown in Illustration  4.18. 
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Illustration  4.18 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The live load applied at the top of the pipe in pounds per square foot  is 
computed by Equation 4.24 

 

ὡ
ὖρ Ὅὓ

Ὓὒ Ὄ
 (4.24) 

where:  

P = Train Axle Load (80,000 lbs.)  
IM = impact  factor  = [1-(H-1.5)/(6.5)]*(0.40)  
S = axle spacing (ft.)  = 5 ft.  between 80 kip axles 
L

T 
= Length of tie  (ft.)  

H = Height of cover over the top of the pipe (ft.)  taken from the base of 
the rail  to the top of the pipe (ft.)  

In the case where the load distributions  from the parallel  tracks overlap 
(when the center -to-center  spacing of tracks is less than L

T
+H), the spread from 

all  interacting  tracks is taken into  account.  The load is applied uniformly  over the 
entire  area of the live  load spread. 

Once the live  load reaches the top of the pipe it  is further  dissipated through 
the structure of the pipe.  The distribution of the load through the pipe is calculated 
through Equations 4.25 and Equation 4.26.  

ὅέὩὪὪςτςὈ Ȣ πȢψυυ (4.25) 

ὈὭίὸὅέὩὪὪzὈ υτὭὲ (4.26) 

where:  

D0 = outside diameter (or horizontal width) of the pipe (in) 
Coeff

d 
= Coefficient  of live  load distribution  through the pipe 

Dist = Distribution of live load through the pipe (in)  

After  calculating  the live  load pressure at the top of the  pipe,  the  overall  live 
load in pounds per linear  foot  should be calculated.  At this point  there  are two 
cases: 

C Track  

 Base  of  Rail  

1 1 H 

2 2 

 

Pipe 

Lateral  Live  Load  Distribution 

Ld =  LT +  H 

 
      

Slope of 

Slo
pe

 o
f 
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a) Track running perpendicular  to the longitudinal  axis of the pipe and 
b) Track running parallel  to  the longitudinal  axis of the pipe.  

 
For the case a: 

 

ὡ
ὡ ὄ ὒ Ὄ

ὒ Ὄ ὈὭίὸ
 (4.27) 

For the case b: 

ὡ ὡ ὄ  

Tables 56 through 58 present live  loads in pounds per linear  foot  based on 
equation 4.27 with a Cooper E80 design loading.  

 

Illustration  4.19 Cooper E 80 Wheel Loads and Axle Spacing 

 

Loadings on a pipe within  a casing pipe shall be taken as the full  dead load, 
plus live load, plus impact load without consideration of the presence of the casing 
pipe,  unless the casing pipe is fully  protected  from corrosion.  

Culvert or sewer pipe within the railway right -of-way, but not under the track 
structure, should be analyzed for the effect of live loads because of the possibility 
of train  derailment.  

 

Construction Loads. During grading operations it may be necessary for 
heavy construction  equipment  to  travel  over an installed  pipe.  Unless adequate 
protection is provided, the pipe may be subjected to load concentrations in excess 
of the design loads. Before heavy construction  equipment  is permitted  to cross 
over a pipe,  a temporary  earth  fill  should be constructed  to an elevation  at  least 

3 feet  over the top of the pipe.  The fill  should be of sufficient  width  to prevent 
possible lateral  displacement  of the pipe.  

 

SELECTION OF BEDDING 
A bedding is provided to distribute  the vertical  reaction  around the lower 

exterior surface of the pipe and reduce stress concentrations within the pipe wall. 
The load that  a concrete  pipe will  support depends on the width  of the bedding 
contact  area and the quality  of the contact  between the pipe and bedding. An 
important  consideration  in selecting a material  for  bedding is to be sure that  
positive  contact  can be obtained between the bed and the pipe.  Since most 
granular materials  will  shift  to attain  positive  contact  as the pipe settles,  an ideal 
load distribution  can be attained  through the use of clean coarse sand, well  
rounded pea gravel or well -graded crushed rock. 

BEDDING FACTORS 
Under installed  conditions the vertical  load on a pipe is distributed  over its 

width  and the reaction  is distributed  in accordance with  the type of bedding. When 
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the pipe strength  used in design has been determined  by plant  testing,  bedding 
factors  must be developed to relate  the in-place supporting strength  to  the more 
severe plant test strength.  The bedding factor is the ratio of the strength of the pipe 
under the installed  condition  of loading and bedding to the strength  of the pipe 

in the plant  test.  This same ratio  was defined  originally  by Spangler as the load 
factor.  This latter  term,  however,  was subsequently defined  in the ultimate  strength 
method of reinforced  concrete design with  an entirely  different  meaning. To avoid 
confusion, therefore,  Spanglerõs term  was renamed the bedding factor.  The three - 
edge bearing test  as shown in Illustration  4.20 is the normally  accepted plant  test 
so that  all  bedding factors  described in the following  pages relate  the in-place 
supporting strength to the three -edge bearing strength.  

 

Illustration  4.20 Three-Edge Bearing Test 
 
 

Rigid 
Steel 

Member 

 
 
 
 
 
 

Bearing 
Strips 

 
 

Although developed for  the direct  design method,  the Standard Installations 
are readily  applicable  to and simplify  the indirect  design method.  The Standard 
Installations  are easier to  construct  and provide more realistic  designs than 

the historical  A, B, C, and D beddings. Development of bedding factors  for  the 
Standard Installations,  as presented in the following  paragraphs, follows  the 
concepts of reinforced  concrete  design theories.  The basic definition  of bedding 
factor  is that  it  is the ratio  of maximum moment in the three -edge bearing test  to 
the maximum moment in the buried condition,  when the vertical  loads under each 
condition  are equal:  

 

ὄ
ὓ

ὓ
 

(4.28) 

 

where:  

B
f 

= bedding factor  
M

TEST 
= maximum moment in pipe wall  under three -edge bearing test 

load,  inch-pounds 
M

FIELD  
= maximum moment in pipe wall  under field  loads, inch-pounds 

Consequently, to evaluate the proper bedding factor relationship, the vertical 
load on the pipe for  each condition  must be equal,  which occurs when the 
springline axial thrusts for  both conditions are equal.  In accordance with  the laws 
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of statics and equilibrium,  M
TEST 

and M
FIELD 

are:  

ὓ πȢσρψὔ ᶻὈ ὸ (4.29) 

ὓ ὓ πȢσψὸὔ πȢρςυὔ ὧz (4.30) 

where:  

N
FS 

= axial thrust  at the springline under a three -edge bearing test  load, 
pounds per foot  

D = inside pipe diameter,  inches 
t = pipe wall  thickness, inches 
M

FI 
= moment at the invert  under field  loading,  inch-pounds per foot 

N
FI 

= axial thrust  at  the invert  under field  loads, pounds per foot  
c = thickness of concrete  cover over the inner  reinforcement,  inches 

 
Substituting equations 4.29 and 4.30 into  equation 4.28. 

ὄ
πȢσρψὔ ᶻὈ ὸ

ὓ πȢσψὸὔ πȢρςυὔ ὅz
 (4.31) 

 

Bedding  factors  for the  Embankment  Condition. Using this equation, 
bedding factors  were determined  for  a range of pipe diameters and depths of 
burial.  These calculations  were based on one inch cover over the reinforcement, 
a moment arm of 0.875d between the resultant  tensile  and compressive forces, 
and a reinforcement diameter of 0.075t. Evaluations indicated that for A, B and C 
pipe wall thicknesses, there was negligible variation in the bedding factor due to 
pipe wall  thickness or the concrete  cover,  c, over the reinforcement.  The resulting 
bedding factors  are presented in Illustration  4.21. 

 

Illustration  4.21 Bedding Factors, Embankment Conditions, B
fe

 

Pipe 

Diameter  Type 1 

Standard  Installation 

Type 2 Type 3 
 
Type 4 

12 in.  4.4 3.2 2.5 1.7 
24 in.  4.2 3.0 2.4 1.7 
36 in.  4.0 2.9 2.3 1.7 
72 in.  3.8 2.8 2.2 1.7 
144 in.  3.6 2.8 2.2 1.7 

Notes:  

1. For pipe diameters other than listed in Illustration 4.21, embankment condition factors, B fe can be obtained by 
interpolation.  

2. Bedding factors are based on the soils being placed with the minimum compaction specified in Illustration 4.4 for 

each standard installation.  

 

Trench Minimum  Bedding  Factors.  For trench  installations  as discussed 
previously, experience indicates that active lateral pressure increases as trench 
width increases to the transition width, provided the sidefill is compacted. A SIDD 
parameter  study of the Standard Installations  indicates the bedding factors  are 
constant for  all  pipe diameters under conditions of zero lateral  pressure on the 
pipe.  These bedding factors  exist at  the interface  of the pipe wall  and the soil 
(Bc) and are called minimum bedding factors, B

fo
, to differentiate them from the 

fixed bedding factors  developed by Spangler. Illustration  4.22 presents the 
minimum bedding factors.  
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Illustration  4.22 Trench Minimum Bedding Factors, B
fo

 

 

 Standard  Installation  Minimum  Bedding  Factor,  B
fo

 

Type 1 2.3 

Type 2 1.9 

Type 3 1.7 

Type 4 1.5 

Note:  
  

1. Bedding factors are based on the soils being placed with the minimum compaction specified in Illustration 4.4 for 

each Standard Installation.  

2. For pipe installed  in trenches dug in previously constructed  embankment,  the load and the bedding factor  should be 

determined  as an embankment condition  unless the backfill  placed over the pipe is of lesser compaction than the 

embankment.  

 

A conservative linear  variation  is assumed between the minimum bedding 
factor  (Bf0) and the bedding factor  for  the embankment condition  (Bfe),  which 
begins at transition  width.  

Illustration  4.23 Variable Bedding Factor 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

The equation for  the variable  trench  bedding factor,  is: 

ὄ
ὄ ὄ ὄ ὄ

ὄ ὄ
ὄ  (4.32) 

where:  

B
c 

= outside horizontal span of pipe, feet 
B

d 
= trench  width  at  top of pipe,  feet  

B
dt 

= transition  width  at top  of pipe,  feet  

B
fe 

= bedding factor,  embankment 
B

fo 
= minimum bedding factor,  trench 

B
fv 

= variable bedding factor, trench  

Transition  width  values, B
dt  

are provided in Tables 13 through 39. 

For pipe installed with 6.5 ft or less of overfill and subjected to concentrated 
loads, the controlling  maximum moment may be at the crown rather  than the invert.  

 

Bdt 
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Consequently, the use of an earth  load bedding factor  may produce unconservative 
designs. Crown and invert  moments of pipe for  a range of diameters and burial depths 
subjected to HS20 truck live loadings were evaluated. Also evaluated,  was the effect  of 
bedding angle and live  load angle (width  of loading  on the pipe).  When concentrated  
live  loadings are encountered to a significant value, the live load bedding factors, B

fLL
, 

presented in Illustration  4.25 are satisfactory  for  a Type 4 Standard Installation  and 
become increasingly conservative for  Types 3, 2, and 1. Limitations  on B

fLL 
are discussed 

in the section on Selection of Pipe Strength.  While AREMA and others continue  to use 
the live  load bedding factors  in Illustration  4.24, AASHTO revised their  live  load design 
in 2012, and no longer use these values. Instead, they utilize a minimal  distribution  
length through the pipe when calculating  live  loads at all  depths, and account for the 
larger proportional distribution through the pipe that occurs with a concentrated  load 
by applying a slightly  higher live  load bedding factor  at  shallow depths.  The AASHTO 
live  load bedding factors  are shown in Illustration  4.24.  
 

Illustration  4.24 Bedding Factors, BfLL,  for  HS20 Live Loadings 
Pipe diameter,  in.  Fill  Height,  ft  

< 2.0 ft  Ó 2.0 ft  

12 3.2 2.4 

18 3.2 2.4 

24 3.2 2.4 

30 and larger 2.2 2.2 

Bedding  Factors  for Rail Load  
The American Railroad Engineers and Maintenance-of-way Association 

(AREMA) uses the same earth  load bedding factors  found in Illustration  4.21. 
Specific bedding factors  for  jacked or tunneled  pipe can be found in the AREMA 
Manual for  Railway Engineering. 

The AREMA Manual has its own set of Live Load bedding factors,  which 
follow what was developed by the ACPA research for live loads, and is reproduced 
in Illustration  4.25. 

Illustration  4.25 

Fill 
Height 

(ft)  

Pipe Diameter,  inches  

12 24 36 48 60 72 84 96 108 120 144 

1.0 2.2 2.2 1.7 1.5 1.4 1.3 1.3 1.3 1.1 1.1 1.1 

1.5 2.2 2.2 2.1 1.8 1.5 1.4 1.4 1.3 1.3 1.3 1.1 

2.0 2.2 2.2 2.2 2.0 1.8 1.5 1.5 1.4 1.4 1.3 1.3 

2.5 2.2 2.2 2.2 2.2 2.0 1.8 1.7 1.5 1.4 1.4 1.3 

3.0 2.2 2.2 2.2 2.2 2.2 2.2 1.8 1.7 1.5 1.5 1.4 

3.5 2.2 2.2 2.2 2.2 2.2 2.2 1.9 1.8 1.7 1.5 1.4 

4.0 2.2 2.2 2.2 2.2 2.2 2.2 2.1 1.9 1.8 1.7 1.5 

4.5 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.0 1.9 1.8 1.7 

5.0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.0 1.9 1.8 

5.5 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.0 1.9 

6.0 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.1 2.0 

6.5 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 

Note  1: For pipe diameters other  than those listed , the BfLL values can be obtained by interpolation  
Note  2: For fill  heights equal to or greater  than 6.5 feet,  the live  load bedding factor  shall be 2.2 
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Application of Factor of Safety.  The indirect design method for concrete pipe 
is similar  to  the common working stress method of steel design, which employs a 
factor of safety between yield stress and the desired working stress.  In the indirect 
method, the factor of safety is defined as the relationship between the ultimate  
strength  D-load and the 0.01inch crack D-load.  This relationship  is specified in the 
ASTM Standards C 76 and C 655 on concrete  pipe.  The relationship between 
ultimate D -load and 0.01-inch crack D-load is 1.5 for 0.01 inch crack D-loads of 
2,000 or less; 1.25 for  0.01 inch crack D loads of 3,000 or more;  and a linear  
reduction  from 1.5 to 1.25 for  0.01 inch crack D-loads between more than 2,000 and 
less than 3,000. Therefore, a factor of safety of 1.0 should  be applied if  the 0.01 
inch crack strength  is used as the design criterion  rather than the ultimate  
strength.  The 0.01 inch crack width  is an arbitrarily  chosen test criterion and not a 
criterion for field performance or service limit.  

 

SELECTION OF PIPE STRENGTH 
The American Society for Testing and Materials has developed standard  specifications 

for precast concrete pipe. Each specification contains design,  manufacturing and testing 
criteria.  

ASTM Standard C 14 covers three strength classes for nonreinforced concrete pipe.  
These classes are specified  to  meet  minimum ultimate  loads, expressed in terms  of 
three -edge bearing strength  in pounds per linear  foot.  

ASTM Standard C 76 for  reinforced  concrete  culvert,  storm drain and sewer pipe 
specifies strength classes based on D-load at 0.01 -inch crack and/or ultimate  load.  The 
0.01-inch crack D-load (D

0.01
) is the maximum three -edge-bearing test load supported by a 

concrete pipe before a crack occurs having a width of 0.01 inch measured at close 
intervals,  throughout  a length  of at  least 1 foot.  The ultimate  D-load (D

ult
) is the 

maximum three -edge-bearing test  load supported by a pipe divided by the pipeõs inside 
diameter. D -loads are expressed in pounds per linear  foot  per foot  of inside diameter.  

ASTM Standard C 506 for  reinforced  concrete  arch culvert,  storm drain,  and sewer 
pipe specifies strengths based on D-load at 0.01 -inch crack and/or ultimate load in pounds 
per linear  foot  per foot  of inside span. 

ASTM Standard C 507 for  reinforced  concrete  elliptical  culvert,  storm drain and 
sewer pipe specifies strength classes for both horizontal elliptical and vertical elliptical  
pipe based on D-load at 0.01-inch crack and/or  ultimate  load in pounds per linear  foot  
per foot  of inside span. 

ASTM Standard C 655 for reinforced concrete D-load culvert, storm drain and sewer 
pipe covers acceptance of pipe designed to  meet specific  D-load requirements.  

ASTM Standard C 985 for nonreinforced concrete specified strength culvert, storm 
drain,  and sewer pipe covers acceptance of pipe designed for  specified strength  
requirements.  

Since numerous reinforced  concrete  pipe sizes are available,  three -edge bearing 
test  strengths are classified by D-loads. The D-load concept provides strength 
classification of pipe independent of pipe diameter. For reinforced circular pipe the 
three -edge-bearing test  load in pounds per linear  foot  equals D-load times inside 
diameter in feet. For arch, horizontal elliptical and vertical elliptical pipe the three -
edge bearing test  load in pounds per linear  foot  equals D-load times nominal inside 
span in feet.  

The required three -edge-bearing strength of non -reinforced concrete pipe  is 
expressed in pounds per linear  foot,  not  as a D-load,  and is computed by the equation:  

http://www.concretepipe.org/


Loads and Supporting Strengths 52 

American Concrete Pipe Association Å www.concretepipe.org  CPDPGN018-1 

 

 

ὝȢὉȢὄȢ 
ὡ ὡ

ὄ

ὡ

ὄ
ὊzȢὛȢ (4.33) 

 

The required three -edge bearing strength of circular reinforced concrete pipe 
is expressed as D-load and is computed by the equation:  

Ὀ ὰέὥὨ
ὡ ὡ

ὄ

ὡ

ὄ
ᶻ
ὊȢὛȢ

Ὀ
 (4.34) 

The determination of required strength of elliptical and arch concrete pipe is 
computed by the equation:  

Ὀ ὰέὥὨ
ὡ ὡ

ὄ

ὡ

ὄ
ᶻ
ὊȢὛȢ

Ὓ
  (4.35) 

where:  

S = inside horizontal  span of pipe,  ft.  

 
When a live  load is applied to the pipe,  use the live  load bedding factor,  B

fLL
, 

as indicated  in Equations 4.33 ð 4.35, unless the earth  load bedding factor,  B
f
,  is 

of lesser value in which case, use the lower B
f  
value in place of B

fLL
. For example, 

with  a Type 4 Standard Installation  of a 48 inch diameter  pipe under 2.5 feet  or 
greater  fill,  the factors  used would be B

f
= 1.7 and B

fLL 
= 1.7 rather  than 2.2.  For 

trench  installations  with  trench  widths  less than transition  width,  B
fLL 

would be 
compared to the variable  trench  bedding factor,  B

fv
.  

The use of the six-step indirect design method is illustrated by examples on 
the following  pages. 
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EXAMPLE PROBLEMS 
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EXAMPLE 4-1 
Trench Installation  

 

 

Given:   A 48 inch circular  pipe is to be installed  in a 7 foot  wide trench  with  10 feet 
of cover over the top of the pipe.  The pipe will  be backfilled  with  sand and 
gravel weighing 110 pounds per cubic foot.  Assume a Type 4 Installation.  

 

Find: The required  pipe strength  in terms of 0.01 inch crack D-load.   

1. Determination  of Earth Load (W
E
) 

To determine  the earth  load,  we must first  determine  if  the  installation  
is behaving as a trench  installation  or an embankment installation. 
Since we are not  told  what  the existing in-situ material  is, conservatively 
assume a Kµ' value between the existing soil and backfill  of 0.150. 

 
From Table 23, the transition width for a 48 inch diameter pipe with a Kµ' 
value of 0.150 under 10 feet  of fill  is: 

 
B

dt 
= 8.5 feet  

Transition width is greater than the actual trench width, therefore the 
installation  will  act as a trench.  Use Equations 4.3 and 4.4 to determine 
the soil load.  

 
w = 110 pounds per cubic foot 

H = 10 feet 
Bd = 7 feet 

Kȉ' =  0.150 

Ὀ
ᶻ

τȢψσ ὪὩὩὸ       

Note: Wall thickness for a 48 inch inside diameter pipe with a B wall is 5-inches 

per ASTM C 76 

The value of C
d 

can be obtained from Figure 214, or calculated using 
Equation 4.4.  
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ὅ
Ȣ

Ȣ
=1.16                                                    Equation 4.4 

ὡ ρȢρφρρπχ
Ȣ

ρρπ                             Equation 4.3 

ὡ φȟυσψ pounds per linear foot   

ὡ ὡ φȟυσψ earth load in pounds per linear foot  

Weight of Fluid,  W
F
,  for  a 48' pipe  

ὡ ‎ ὃz 

ὡ φςȢτz φςȢτz χψτȢρ pounds per linear foot  

 
2. Determination  of Live Load (W

L
) 

From Table 42, live  load is negligible  at a depth of 10 feet.  
3. Selection of Bedding 

Because of the narrow trench,  good compaction of the soil on the sides 
of the pipe would be difficult, although not impossible.  Therefore a  Type 
4 Installation  was assumed. 

 

4. Determination  of Bedding Factor,  (Bfv) 
The pipe is installed  in a trench  that  is less than transition  width.  
Therefore, Equation 4.32 must be used to determine the variable 
bedding factor.  

 
Bc = Do Bc = 4.83 outside diameter of pipe in feet 

Bd = 7 width of trench in feet 

Bdt = 8.5 transition width in feet 

Bfe = 1.7 embankment bedding factor 

Bfo = 1.5 minimum bedding factor 

(1.7 - 1.5) (7 - 4.83) 
Bfv = + 1.5 Equation 4.32 

8.5 - 4.83 

Bfv = 1.62 

5. Application  of Factor of Safety (F.S.) 

A factor  of safety of 1.0 based on the 0.01 inch crack will  be applied.  

 

6. Selection of Pipe Strength  

WE = 6,538 earth load in pounds per linear foot  

WF = 784.1 fluid load in pounds per linear foot  

WL = 0 live load is negligible  

Bf  = Bfv = 1.62 earth load bedding factor  

BfLL = N/A live load bedding factor is not applicable  

D  = 4 inside diameter of pipe in feet  
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ὈȢ
ȟ Ȣ

Ȣ
                                                     Equation 4.34 

ὈȢ ρȟρσπ pounds per linear foot per foot of diameter   

Answer:  A pipe which would withstand  a minimum three -edge bearing test  load 
for  the 0.01 inch crack of 1,130 pounds per linear  foot  per foot  of inside 
diameter  would be required.  

 

EXAMPLE 4-2 
Positive  Projection  Embankment  Installation  

 

H 
 

 

Given:   A 48 inch circular  pipe is to be installed  in a positive  projecting 
embankment condition using a  Type 1 installation.  The pipe will be covered 
with  35 feet  of 120 pounds per cubic foot  overfill.  

 

Find: The required  pipe strength  in terms of 0.01 inch D-load 
 

1. Determination  of Earth Load (W
E
) 

Per the given information,  the installation  behaves as a positive 
projecting  embankment.  Therefore,  use Equation 4.2 to determine  the 
soil prism load and multiply it by the appropriate vertical arching factor.  
 

Ὀ
ᶻ

 Note: The wall thickness for a 48 -inch pipe with a B 

wall is 5 -inches per ASTM C76. 

Do = 4.83 outside diameter of pipe in feet 

w = 120 unit weight of soil in pounds per cubic foot 

H = 35 height of cover in feet 

ὖὒ ρςπ συ
Ȣ ᶻ

τȢψσ                                               Equation 4.2 

PL = 20,586 pounds per linear foot 

Shown in Illustration  4.7 are the vertical  arching factors  (VAFs) for  the 
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four  types of Standard Installations.  Using a VAF of 1.35 for  a Type 1 
Installation,  the earth  load is: 

WE = 1.35 x 20,586 

WE = 27,791 pounds per linear foot                                         Equation 4.1 

Weight of Fluid,  W
F
,  for  a 48" pipe W 

F 
= ƞ

w 
x A 

ὡ φςȢτ
 

φςȢτ
 
χψτȢρ pounds per linear foot  

2. Determination  of Live Load (WL) 
Live load is negligible  at a depth  of 35 feet.  

 

3. Selection of Bedding 

A Type 1 Installation  will  be used for  this example 
 

4. Determination  of Bedding Factor,  (B
fe
) 

The embankment bedding factor  for  a Type 1 Installation  may be 
interpolated  from Illustration  4.21 

Bfe36 = 4.0 

Bfe72 = 3.8 

ὄ
χς τψ

χς σφ
τȢπ σȢψ σȢψ σȢωσ 

5. Application  of Factor of Safety (F.S.) 

A factor  of safety of 1.0 based on the 0.01 inch crack will  be applied.  
 

6. Selection of Pipe Strength 

The D-load is given by Equation 4.34  
 
 

WE = 27,791 earth load in pounds per linear foot 

WF = 784 fluid load in pounds per linear foot 

WL = 0 live load is negligible 

Bf = Bfe = 3.93 earth load bedding factor 

BfLL = N/A live load bedding factor is not applicable 

D = 4 inside diameter of pipe in feet 

ὈȢ
ȟ Ȣ

Ȣ

Ȣ
                                               Equation 4.34 

D0.01 = 1,818 pounds per linear foot per foot of diameter 

Answer:  A pipe which would withstand  a minimum three -edge bearing test  for 

the 0.01 inch crack of 1,818 pounds per linear  foot  per foot  of inside 

diameter  would be required.  
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EXAMPLE 4-3 
Negative  Projection  Embankment  Installation  

 

 

Given:  A 72 inch circular  pipe is to be installed  in a negative projecting 
embankment condition in ordinary soil.  The pipe will be covered with 35 
feet  of 120 pounds per cubic foot  overfill.  A 10 foot  trench  width  will  be 
constructed  with  a 5 foot  depth  from the top of the pipe to the natural 
ground surface. 

 

Find: The required  pipe strength  in terms of 0.01 inch D-load 
 

1. Determination  of Earth Load (W
E
) 

A settlement  ratio  must first  be assumed. The negative projection  ratio 
of this installation is the height of soil from the top of the pipe to the top of  
the natural  ground (5 ft)  divided  by the trench  width  (10 ft).  Therefore the 
negative projection  ratio  of this installation  is p' = 0.5.  From Table 40, for  a 
negative projection  ratio  of p' = 0.5,  the design value of the settlement  ratio  
is -0.1.  
Enter Figure 195 on the horizontal  scale at H = 35 feet.  Proceed 
vertically  until  the line  representing B

d 
= 10 feet  is intersected.  At this 

point the vertical scale shows the fill load to be 27,500 pounds per linear 
foot  for  100 pounds per cubic foot  fill  material.  Increase the load 20 
percent  for  120 pound material  since Figure 195 shows values for  100 
pound material.  

 

Wn = 1.20 x 27,500 

Wn = 33,000 pounds per linear  foot  

WE = Wn = 33,000 earth  load in pounds per linear  foot  

Weight of Fluid,  W
F
,  for  a 72" pipe 

WF = ƞw * A 

WF = φςȢτz φςȢτz ρȟχφτ pounds per linear foot  
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2. Determination  of Live Load (W
L
) 

Live load is negligible  at a depth  of 35 feet.  
 

3. Selection of Bedding 

No specific  bedding was given. Assuming the contractor  will  put 
minimal effort into compacting the soil, a  Type 3 Installation is chosen.  

 

4. Determination  of Bedding Factor,  (B
fv
) 

The variable  bedding factor  will  be determined  using Equation 4.32 in 

the same fashion as if  the pipe were installed  in a trench.  

 

ὄ
ᶻ

 Note: The wall thickness for a 72 -inch pipe with a B wall is 7 -inches  

                  per ASTM C76 

Bc = 7.17 outside diameter of pipe in feet  

Bd = 10 trench width in feet  

Bdt = 14.1 transition width for a Type 3 Installation with K Õõ = 0.150 

Bfe = 2.2 embankment bedding factor (taken from Illustration 4.21)  

Bfo = 1.7 minimum bedding factor (taken from  Illustration 4.22)  

ὄ
Ȣ Ȣ Ȣ

Ȣ Ȣ
χȢρχ ρȢω                                                     Equation 4.32  

 

5. Application  of Factor of Safety (F.S.) 

A factor  of safety of 1.0 based on the 0.01 inch crack will  be applied.  
 

6. Selection of Pipe Strength 

The D-load is given by Equation 4.34 

WE = 33,000 earth load in pounds per linear foot 

WF  = 1,764 fluid load in pounds per linear foot 

WL  = 0 live load is negligible 

Bf = Bfv = 1.9 earth load bedding factor 

BfLL = N/A live load bedding factor is not applicable 

D = 6 inside diameter of pipe in feet 

ὈȢ  
ȟ ȟ

Ȣ

Ȣ
                                                Equation 4.34 

 

D0.01 = 3,050 pounds per linear foot per foot of diameter 

Answer:  A pipe which would withstand  a minimum three -edge bearing test  load 
for the 0.01 inch crack of 3,050 pounds per linear foot per foot of inside 
diameter  would be required.  
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EXAMPLE 4-4 
Jacked  or Tunneled  Installation  

 

 

Given:   A 48 inch circular  pipe is to  be installed  by the jacking  method of 
construction  with  a height of cover over the top of the pipe of 40 feet.  The 
pipe will  be jacked through ordinary  clay material  weighing 110 pounds per 
cubic foot  throughout  its entire  length.  The limit  of excavation will  be 5 feet.  

 

Find: The required  pipe strength  in terms of 0.01 inch crack D-load.  
 

1. Determination  of Earth Load (W
E
) 

A coefficient  of cohesion value must first  be assumed. In Table 41, 
values of the coefficient  of cohesion from  40 to 1,000 are given for  clay. 
A conservative value of 100 pounds per square foot  will  be used. 

 
Enter Figure 151, Ordinary Clay, and project  a horizontal  line  from H 
= 40 feet  on the vertical  scale and a vertical  line  from B

t  
= 5 feet  on 

the horizontal  scale. At the intersection  of these two  lines interpolate 
between the curved lines for  a value of 9,500 pounds per linear  
foot, which accounts for earth load without cohesion.  Decrease the 
load in proportion  to  110/120 for  110 pound material  since Figure 
151 shows values for  120 pound material.  
 

ὡ ωzȟυππψȟχπψ  pounds per linear foot  

 

Enter Figure 152, Ordinary Clay, and project  a horizontal  line  from H 
= 40 feet  on the vertical  scale and a vertical  line  from B

t  
= 5 feet  on 

the horizontal  scale. At the intersection  of these two  lines interpolate 
between the curved lines for  a value of 33, which accounts for  the 

cohesion of the soil.  Multiply this value by the coefficient of cohesion, 
c = 100, and subtract the product from the 8,708 value obtained from 
figure  151. 

 

W
t  

= 8,708 ð100 (33) 
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W
t  

= 5,408 pounds per linear  foot  

W
E 

= W
t  

= 5,408 earth  load in pounds per linear  foot  

Note:  If  the soil properties  are not  consistent,  or sufficient  information  on 
the soil is not  available,  cohesion may be neglected and a conservative 
value of 8,708 lbs/ft  used. 

 

Weight of Fluid,  W
F
,  for  a 48" pipe 

W
F 
= ƞ

w 
* A 

ὡ φςȢτz  
ᶻ

φςȢτz  
ᶻ

  

WF = 784.1 pounds per linear foot 

2. Determination  of Live Load (W
L
) 

Live load is negligible  at 40 feet.  
 

3. Selection of Bedding 

The annular space between the pipe and limit of excavation will be filled 
with  grout.  

 

4. Determination  of Bedding Factor (B
fv
) 

Since the space between the pipe and the bore will  be filled  with  grout,  
there  will  be positive  contact  of bedding around the periphery  of the 
pipe.  Because of this beneficial  bedding condition,  little  flexural  stress 
should be induced in the pipe wall.  A conservative variable  bedding 
factor  of 3.0 will  be used. 

 

5. Application  of Factor of Safety (F.S.) 

A factor  of safety of 1.0 based on the 0.01 inch crack will  be applied.  
 

6. Selection of Pipe Strength 

The D-load is given by Equation 4.34. 

WE = 5,408 earth load in pounds per linear foot 

WF = 784 fluid load in pounds per linear foot 

WL = 0 live load is negligible 

Bf = Bfv = 3.0 earth load bedding factor 

BfLL = N/A live load bedding factor is not applicable 

D = 4 inside diameter of pipe in feet 

ὈȢ  
ȟ Ȣ

Ȣ

Ȣ
                                                Equation 4.34 

 

D0.01 = 516 pounds per linear foot per foot of diameter 

 

Answer:  A pipe which would withstand  a minimum three -edge bearing test  load 
for  the 0.01 inch crack of 516 pounds per linear  foot  per foot  of inside 
diameter  would be required.  
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EXAMPLE 4-5 
Wide  Trench Installation  

 

 

Given:   A 24 inch circular non reinforced concrete pipe is to be installed in a 5 foot 
wide trench  with  10 feet  of cover over the top of the pipe.  The pipe will  be 
backfilled  with  ordinary  clay weighing 120 pounds per cubic foot.  

 

Find:  The required three -edge bearing test strength for nonreinforced pipe and 
the ultimate  D-load for  reinforced  pipe.  

 

1. Determination  of Earth Load (W
E
) 

To determine  the earth  load,  we must first  determine  if  the  installation  
is behaving as a trench  installation  or an embankment installation. 
Assume that  since the pipe is being backfilled  with  clay that  they are 
using in-situ soil for backfill.  Assume a Kĳõ value between the existing 
soil and backfill of 0.130.  We will assume a Type 4 Installation for this 
example. 

From Table 17, the transition  width  for  a 24 inch diameter  pipe with  a Kĳõ 
value of 0.130 under 10 feet  of fill  is B

dt  
= 4.8 

Since the transition  width  is less than the trench  width,  this installation  
will  act as an embankment.  Therefore  calculate  the prism load per 
Equation 4.2 and multiply it by the appropriate vertical arching 
factor (VAF). 
 
 

Ὀ
ᶻ

ςȢυ outside diameter of pipe in feet  

Note: The wall thickness for a 24 -inch pipe with a B wall is 3 -inches 
per ASTM C76 

w = 120 unit weight of soil in pounds per cubic foot  

H = 10 height of cover in feet  

ὖὒ ρςπz ρπ
Ȣ

ςȢυ                                                Equation 4.2 

PL = 3,080 pounds per linear foot 

Shown in Illustration 4.7 are the vertical arching factors (VAF) for the 

four types of Standard Installations. Using a VAF of 1.45 for a Type 4 

Installation, the earth load is: 
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WE = 1.45 x 3,080 = 4,466 pounds per linear foot Equation 4.1 
 

Weight of Fluid,  W
F
,  for  a 24" pipe 

WF = ƞw * A 

ὡ φςȢτz  
ᶻ

φςȢτz  
ᶻ

 ρωφ ÐÏÕÎÄÓ ÐÅÒ ÌÉÎÅÁÒ ÆÏÏÔ  

2. Determination  of Live Load (W
L
) 

Live load is negligible  at a depth  of 10 feet.  
 

3. Selection of Bedding 

A Type 4 Installation  has been chosen for  this example 

4. Determination  of Bedding Factor,  (B
fe
) 

Since this installation  behaves as an embankment,  an embankment 

bedding factor will be chosen.  From Illustration 4.22, the embankment 

bedding factor  for  a 24 inch pipe installed  in a Type 4 Installation  is: 

B
fe 

= 1.7 

5. Application  of Factor of Safety (F.S.) 

A factor  of safety of 1.0 based on the 0.01 inch crack will  be applied.  

6. Selection of Pipe Strength 

The D-load is given by Equation 4.33. 

WE = 4,466 earth load in pounds per linear foot  

WF  = 196 fluid load in pounds per linear foot  

WL = 0 live load is negligible  

Bf = Bfe Bf = 1.7 earth load bedding factor  

BfLL = N/A live load bedding factor is not applicable  

D = 2 inside diameter of pipe in feet  

 

The ultimate three-edge bearing strength for nonreinforced concrete pipe is 
given by Equation 4.33 

ὝὉὄ 
ȟ

Ȣ
ρȢυ                                                       Equation 4.33 

TEB = 4,114 pounds per linear foot  

The D-load for reinforced concrete pipe is given by Equation 4.34  

ὝὉὄ 
τȟτφφρωφ

ρȢχ

ρȢπ

ς
 

D0.01 = 1,371 pounds per linear foot per foot of diameter 

Answer:   A nonreinforced  pipe which would withstand  a minimum three -edge 

bearing test  load of 4,114 pounds per linear  foot  would be required.  

 
 

EXAMPLE 4-6 
Positive  Projection  Embankment  Installation 

Vertical  Elliptical  Pipe 
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H 

 

 
Given:   A 76 inch x 48 inch vertical  elliptical  pipe is to  be installed  in a positive 

projection embankment condition in ordinary soil.  The pipe will be covered 
with  50 feet  of 120 pounds per cubic foot  overfill.  

Find: The required  pipe strength  in terms of 0.01 inch crack D-load.  

1. Determination  of Earth Load (W
E
) 

Note:  The Standard Installations  were initially  developed for  circular 

pipe,  and their  benefit  has not  yet  been established for  elliptical  and 

arch pipe.  Therefore,  the traditional  Marston/Spangler design method 

using B and C beddings is still  conservatively  applied for  these shapes. 

A settlement  ratio  must first  be assumed. In Table 40, values of 

settlement  ratio  from +0.5 to  +0.8 are given for  positive  projecting 

installation on a foundation of ordinary soil.  A value of 0.7 will be used. 

The product  of the settlement  ratio  and the projection  ratio  will  be 0.49 

(r
sd

p approximately 0.5).  

Enter Figure 182 on the horizontal  scale at H = 50 feet.  Proceed 

vertically  until  the line  representing R x S = 76" x 48" is intersected.  At 

this point the vertical scale shows the fill load to be 41,000 pounds per 

linear  foot  for  100 pounds per cubic foot  fill  material.  Increase the load 

20 percent for 120 pound material.  

W
c 

= 1.20 x 41,000 

W
c 

= 49,200 per linear  foot  

W
E 

= W
c 
= 49,200 earth  load in pounds per linear  foot 

Weight of Fluid,  W
F
,  for  a 76" x 48" pipe 

W
F 

= ƞ
w 
x A 

ὡ
Ȣz ᶻȢ ᶻ

ρȟςτρ pounds per linear foot 

 

2. Determination  of Live Load (W
L
) 

From Table 44, live  load is negligible  at a depth of 50 feet.  
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3. Selection of Bedding 

Due to the high fill  height  you will  more than likely  want  good support 
around the pipe,  a Class B bedding will  be assumed for  this example.  

 

4. Determination  of Bedding Factor (B
fe
) 

First determine  the H/B
c 

ratio.  

H = 50  

ὄ
Ȣ

υȢπψ pounds span of pipe in feet  

Bc = 5.08 outside span of pipe in feet 
 
H/Bc = 9.84 

From Table 59, for  an H/B
c 
ratio  of 9.84,  r

sd
p value of 0.5,  p value of 0.7,and 

a Class B bedding,  an embankment bedding factor  of 2.71 is obtained.  

B
fe 

= 2.71 

5. Application  of Factor of Safety (F.S.) 

A factor  of safety of 1.0 based on the 0.01 inch crack will  be applied.  
 

6. Selection of Pipe Strength 

The D-load is given by Equation 4.35 

WE  = 49,200 earth load in pounds per linear foot 

WF  = 1,241 fluid load in pounds per linear foot 

WL = 0 live load is negligible 

Bf = Bfe = 2.71 earth load bedding factor 

BfLL = N/A live load bedding factor is not applicable 

S = 4 inside span of pipe in feet 

ὈȢ  
ȟ ȟ

Ȣ

Ȣ
                                                Equation 4.34 

D0.01 = 4,653 pounds per linear foot per foot of diameter 

Answer:  A pipe which would withstand  a minimum three -edge bearing test  load 
for the 0.01 inch crack of 4,654 pounds per linear foot per foot of inside 
horizontal  span would be required.  
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EXAMPLE 4-7 

Highway  Live Load  

 
 

Given:   A 24 inch circular  pipe is to be installed  in a positive  projection 
embankment under an unsurfaced roadway and covered with 2.0 feet of 
120 pounds per cubic foot  backfill  material.  

 

Find: The required  pipe strength  in terms of 0.01 inch crack D-load.  
 

1. Determination  of Earth Load (W
E
) 

Per the given information,  the installation  behaves as a positive projecting  

embankment.  Therefore,  use Equation 4.2 to determine  the soil prism load 

and multiply it by the appropriate vertical arching factor.  

Ὀ
ςτ ςz σ

ρς
 

Note: The wall thickness for a 24 -inch pipe with a B wall is 3-inches per 

ASTM C76  

Do = 2.5 outside diameter of pipe in feet 

w = 120 unit weight of soil in pounds per cubic foot 

H = 2 height of cover in feet 

ὖὒ ρςπ ς
Ȣz

ςzȢυ φψπ pounds per linear foot  

 
Assume a Type 2 Standard Installation and use the appropriate vertical 
arching factor  listed  below Equation 4.2.  

VAF = 1.4 

WE = 1.40 * 680 = 952 pounds per linear foot  

Weight of fluid, WF, for a 24ó pipe  

WF = ƞw*A 

ὡ φςȢτz  ρωφ pounds per linear foot  

2. Determination  of Live Load (W
L
) 

Since the pipe is being installed  under an unsurfaced roadway with  
shallow cover, a truck loading based on AASHTO will be evaluated. 
From Table 42, for  D = 24 inches and H = 2.0 feet,  a live  load of 

Bc 
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4,910.16 pounds per linear  foot  is obtained.  This live  load value 
includes impact.  
W

L 
= 4,910 pounds per linear  foot  

3. Selection of Bedding 

A Type 2 Standard Installation  will  be used for  this example.  
 

4. Determination  of Bedding Factor,  (B
fe
) 

a.)  Determination  of Embankment Bedding Factor 
From Illustration  4.22,  the earth  load bedding factor  for  a 24 inch 
pipe installed in a Type 2 positive projecting embankment condition 
is 3.0.  

B
fe 

= 3.0 

b.)  Determination  of Live Load Bedding Factor,  (B
fLL

) 
From Illustration  4.24, the live  load bedding factor  for  a 24 inch pipe 
under 2 feet  of cover is 2.2. 

B
fLL 

= 2.2 

5. Application  of Factor of Safety (F.S.) 

A factor  of safety of 1.0 based on the 0.01 inch crack will  be applied.  
 

6. Selection of Pipe Strength 

The D-load is given by equation  4.34 

WE = 952 earth load in pounds per linear foot 

WF = 196 fluid load in pounds per linear foot 

WL = 4910 live load is negligible 

Bf = Bfe = 3.0 earth load bedding factor 

BfLL = 2.2 live load bedding factor is not applicable 

D = 2 inside diameter of pipe in feet 

ὈȢ Ȣ Ȣ

Ȣ

Ȣ
                                                Equation 4.34 

D0.01 = 1,307 pounds per linear foot per foot of diameter 

Answer:  A pipe which would withstand  a minimum three -edge bearing test  for  the 

0.01 inch crack of 1307 pounds per linear foot per foot of inside diameter 

would be required.  
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EXAMPLE 4-8 
Highway  Live Load  per  AASHTO LRFD 

 

Given:   A 30-inch diameter,  C wall,  concrete  pipe is to  be installed  as a storm 
drain under a flexible  pavement and subjected  to AASHTO highway 
loadings. The pipe will be installed in a 6 ft wide trench with a minimum of 
2 feet  of cover over the top of the pipe.  The AASHTO LRFD Criteria  will  be 
used with  Type 3 Installation.  

Find: The maximum 0.01ó D
load 

required  of the pipe.  

1. Per review of  Table 19, the 6 ft. trench is wider than transition width. 
Therefore,  the earth  load is equal to the soil prism load multiplied  by the 
appropriate  vertical  arching factor.  

Ὀ
σπ ςz τȢςυ

ρς
 

Note: The wall thickness for a 30 -inch pipe with a C wall is 4.25 -
inches per ASTM C76  

Do = 3.21 outside diameter of pipe in feet  

w = 120 unit weight of soil in pounds per cubic foot  

H = 2 height of cover in feet  

ὖὒ ρςπ ς
σȢςρz τ “

ψ
σzȢςρ 

PL = 903 pounds per linear foot  

Illustration  4.7 lists the vertical  arching factors  (VAFs) for  the four  types of 

Standard Installations.  Using a VAF of 1.40 for  a Type 3 Installation,  the 

earth  load is: 

WE = 1.40 x 903                                                                                 Equation 4.1 
WE = 1,264 pounds per linear foot 

Weight of Fluid,  W
F 

,  for  a 30" pipe 

WF = g
w 

x A 

ὡ φςȢτz
Ȣ

 = 306 pounds per linear foot 

Bc 
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2. Calculate average pressure intensity of the live load on the plane at the 
outside top of the pipe.  
From Illustration  4.10, the critical  load per axle is equal to P

a
= 32,000 

pounds for  single axle and P
t
= 25,000 pounds for  tandem axle.  To 

calculate  the Spread Area the following  steps are followed:  
Define the Live Load Distribution Factor (LLDF) with linear interpolation 
based on Illustration 4.12.  

ὒὒὈὊ ρȢχυ
ρȢχυ ρȢρυωφ ςτ

ωφ ςτ
ρȢς 

I.M. = 33(1.0-0.125H) = 24.75 > = 0% 
 

Traffic Parallel  to  Pipe Span. 
Check if there is overlapping 

If  there  is no overlapping,  then:  

ύ ύ ὒὒὈὊzὌ
πȢπφ

ρς
 

Otherwise:  

ύ ί ύ ὒὒὈὊzὌ
πȢπφὈ

ρς
 

s
w 

wheel spacing (6 ft.)  

w
t  
tire  patch width  (20 in.)  

D
i 
inside diameter  or clear span of the culvert  (30 in) 

s
a 

axle spacing (14-30 ft  for  single axle design and 4 ft  for 
tandem design) 

l
t  
tire  patch length  (10 in.)  

l
w 

live  load patch length  at depth  H(ft) 
w

w 
live  load patch width  at depth H (ft)  

3. Overlapping depth for truck wheels  

Ὄ

ί
ύ
ρς πȢπφ

Ὀ
ρς

ὒὒὈὊ

φ
ςπ
ρς πȢπφ

σπ
ρς

ρȢς
σȢτω ς 

 

No overlapping of wheels on the same axle since H
over 

is greater  than H 

Therefore  the live  load patch spread transverse to the pipe span at a 
depth 

H=2õ is equal to:  

ύ ύ ὒὒὈὊὌ
πȢπφὈ

ρς
τȢςς 

4. Check overlapping depth of axles  

Ὄ
ί ὰ

ὒὒὈὊ

τ
ρπ
ρς

ρȢς
ςȢφτ ς 

No overlapping of spread from tandem axles since H
over 

is greater  than 
H. 
If  tandem axles, with  4 feet  axle distance,  does not  overlap then single 
axles with  14 feet  minimum axle spacing will  not  overlap.  
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5. Calculate the live load patch spread parallel to the pipe span at a depth 
H=2õ 

Single axle spread length 

ὰ ὰ ὒὒὈὊὌ ρȢςς σȢςσ  

6. Calculate the pressure applied from the live load at a depth of H=2õ 
Single axle pressure (no overlapping case) 

ὴ
πȢυ ὖ ρ Ὅὓά

ύ ὰ

πȢυσςȟπππρ πȢςτχυρȢς

τȢςςzσȢςσ
ρȢχυχ

ὰὦ

Ὢὸ
 

Tandem wheel pressure (no overlapping case) 

ὴ
πȢυὖ ρ Ὅὓά

ὡ ὰ

πȢυςυȟπππρ πȢςτχυρȢς

τȢςςσȢςσ
ρȟσχσ ὰὦȾὪὸ 

max p = 1,757 lb/ft 2
 

 
7. Calculate the live  load applied at  a depth  of H=2õ 

Live load from single axle 
 

w
la
=min(B

c
,l

w
)(p

a
) = min(3.21,3.23)(1,757.2)  = 5,640 lb/ft  

The pipe should withstand  a maximum live  load of 5,640.6 pounds per 
linear  foot.  

 

8. Determination  of Bedding Factor,  (B
fe
) 

a) Determination  of Embankment Bedding Factor 

The embankment bedding factor for a  Type 3 Installation may be 

interpolated  from 

Bfe24 = 2.4 

Bfe36 = 2.3 

ὄ
σφσπ

σφςτ
ςȢτ ςȢσ ςȢσ ςȢσυ 

b) Determination  of Live Load Bedding Factor 
From Illustration  4.24, the live  load bedding factor  for  a 30 inch pipe 
under 2 feet  of cover is 

B
fLL 

= 2.2 

9. Application  of Factor of Safety (F.S.) 
A factor  of safety of 1.0 based on the 0.01 inch crack will  be applied.  

 
10. Selection of Pipe Strength 

 

WE = 1,264 earth load in pounds per linear foot 

WF = 306 fluid load in pounds per linear foot 

WL = 5,640 live load in pounds per linear foot 

Bf = Bfe = 2.35 earth load bedding factor 
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BfLL = 2.2 live load bedding factor 

D = 2.5 inside diameter of pipe in feet 

 

ὈȢ
ὡ ὡ

ὄ

ὡ

ὄ

ρȢπ

Ὀ

ρȟςφτσπφ

ςȢσυ

υȟφτπ

ςȢς

ρȢπ

ςȢυ
ρȟςωσ 

D0.01 = 1,293 pounds per linear foot per foot of diameter 

Answer:  A pipe which would withstand  a minimum three -edge bearing test  for 
the 0.01 inch crack of 1,293 pounds per linear  foot  per foot  of inside 
diameter  would be required.  

 

Given:   A 12 inch circular  pipe is to be installed  in a narrow trench,  B
d 

= 3ft  under a 

12 inch thick  concrete  airfield  pavement and subject  to heavy commercial 
aircraft loading.  The pipe will be covered with 1.0 foot (measured from top  
of pipe to  bottom  of pavement slab) of sand and gravel material  weighing 
120 pounds per cubic foot.  

 

Find: The required  pipe strength  in terms of 0.01 inch crack D-load.  
 

1. Determination  of Earth Load (W
E
) 

Per review of Table 13, the 3 ft.  trench  is wider  than transition  width.  
Therefore,  the earth  load is equal to the soil prism load multiplied  by the 
appropriate  vertical  arching factor.  

Ὀ ρȢσσ outside diameter of pipe in feet  

Note: The wall thickness for a 12 -inch pipe with a B wall is 2 inches per 
ASTM C76 
w = 120 unit weight of soil in pounds per cubic foot 
H = 1 height of cover in feet 

ὖ ρςπρ
ρȢσσ τ “

ψ
ρȢσσ ρψς ὴέόὲὨί ὴὩὶ ὰὭὲὩὥὶ Ὢέέὸ 

 
Shown in Illustration  4.7 are the vertical  arching factors  (VAFs) for  the 
four  types of Standard Installations.  Using a VAF of 1.40 for  a Type 2 
Installation,  the earth  load is: 

WE = 1.40 x 182 Equation 4.1 
WE = 255 pounds per linear foot 

  

Rigid Pavement  
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The weight of concrete pavement must be included also.  Assuming 
150 pounds per cubic foot unit weight of concrete, the total weight of 
soil and concrete  is: 

W
E 

= 255 + 150 x 1.0 x 1.33 
W

E 
= 455 pounds per linear  foot  

Weight of Fluid,  W
F
,  for  a 12" pipe  

ὡ ‎ ὃz φςȢτz τω pounds per linear foot  

2. Determination  of Live Load (W
L
) 

It would first be necessary to determine the bearing value of the backfill 

and/or  subgrade. A modulus of subgrade reaction,  k = 300 pounds per 

cubic inch will  be assumed for  this example.  This value is used in Table 

53 and represents a moderately  compacted granular material,  which is 

in line  with  the Type 2 Installation  we are using. 

 
Based on the number of undercarriages, landing gear configurations 

and gross weights of existing and proposed future  aircrafts,  the 

Concorde is a reasonable commercial  aircraft  design loading for  pipe 

placed under airfields.  From Table 53, for  D = 12 inches and H = 1.0 foot, 

a live  load of 1,892 pounds per linear  foot  is obtained.  

W
L 

= 1892 pounds per linear  foot  

3. Selection of Bedding 

Since this installation  is under an airfield,  a relatively  good installation  is 
required,  therefore  use a Type 2 Installation.  

4. Determination  of Bedding Factor,  (Bfe) 
a.)  Determination  of Embankment Bedding Factor 

From Illustration 4.21, the embankment bedding factor for a 12 inch  
pipe installed in a positive projecting embankment condition is 3.2.  

 
B

fe 
= 3.2 

b.)  Determination  of Live Load Bedding Factor 
From Illustration  4.25, the live  load bedding factor  for  a 12 inch pipe 
under 2 feet  of cover (one foot  of pavement and one foot  of soil) is 
2.2.  

 
B

fLL 
= 2.2 

5. Application of Factor of Safety (F.S.)  
A factor  of safety of 1.0 based on the 0.01 inch crack will  be applied.  

6. Selection of Pipe Strength  

The D-load is given by Equation 4.34 

WE = 455 earth load in pounds per linear foot 

WF  = 49 fluid load in pounds per linear foot 

http://www.concretepipe.org/


Loads and Supporting Strengths 73 

American Concrete Pipe Association Å www.concretepipe.org  CPDPGN018-1 

 

 

WL = 1,892 live load in pounds per linear foot 

Bf = Bfe = 3.2 earth load bedding factor 

BfLL = 2.2 live load bedding factor 

D = 1 inside diameter of pipe in feet 

ὈȢ Ȣ

ȟ

Ȣ

Ȣ

Ȣ
                                                Equation 4.34 

D0.01 = 1,018 pounds per linear foot per foot of diameter 
 

Answer:  A pipe which would withstand  a minimum three -edge bearing test  for 

the 0.01 inch crack of 1,018 pounds per linear  foot  per foot  of inside 

diameter  would be required.  

 

EXAMPLE 4-10 
Aircraft  Live Load  
Flexible  Pavement  

 

Given:   A 68 inch x 106 inch horizontal  elliptical  pipe is to  be installed  in a positive 
projecting  embankment condition  under a 7 inch thick  concrete  airfield 
pavement and subject  to two  60,000 pound wheel loads spaced 20 feet, 
center  to center.  The pipe will  be covered with  3-feet  (measured from top of 
pipe to  bottom  of pavement slab) of sand and gravel material  weighing 120 
pounds per cubic foot.  

Find: The required  pipe strength  in terms of 0.01 inch crack D-load.  
 

1. Determination  of Earth Load (W
E
) 

Note: The Standard Installations  were initially  developed for  circular  
pipe,  and their  benefit  has not  yet  been established for  elliptical  and arch 
pipe.  Therefore,  the traditional  Marston/Spangler design method using 
B and C beddings is still  conservatively  applied for  these shapes. 
A settlement  ratio  must first  be assumed. In Table 40, values of 
settlement ratio from +0.5 to +0.8 are given for positive projecting 
installations  on a foundation  of ordinary  soil.  A value of 0.7 will  be 
used. The product  of the  settlement  ratio  and the projection  ratio  will  be 
0.49 (r

sd
p approximately  0.5).  

 20' 
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Enter Figure 187 on the horizontal  scale at H = 3 ft.  Proceed vertically 
until  the line  representing R x S = 68" x 106" is intersected.  At this point 
the vertical  scale shows the fill  load to be 3,400 pounds per linear  foot 
for  100 pounds per cubic foot  fill  material.  Increase the load 20 percent 
for  120 pound material.  

W
d 

= 3,400 x 1.2 
W

d  
= 4,080 pounds per linear  foot   

The outside span of pipe in feet is: 

ὄ
Ȣ

ρπȢςυ feet  

Note: The wall thickness f or a 68óx106ó elliptical pipe is 8.5-ionches per ASTM C507  

Assuming 150 pounds per cubic foot concrete, the weight of the pavement is: 
 

Wp = 150 x 7/12 x 10.25 
Wp = 897 pounds per linear foot 
WE = Wd + Wp 
WE = 4,977 pounds per linear foot 
Weight of Fluid,  W

F
,  for  a 68" x 106" pipe  

ὡ ‎ ὃz φςȢτ
Ȣ ᶻȢ

ςȟτυτ pounds per linear foot  

 
2. Determination  of Live Load (WL) 

Assuming a modulus of subgrade reaction  of k = 300 pounds per cubic 
inch and a pavement thickness of h = 7 inches, a radius of stiffness of 
24.99 inches (2.08 feet)  is obtained from Table 52. The wheel spacing 
in terms of the radius of stiffness is 20/2.08 = 9.6 R

s
, therefore the 

maximum live  load on the pipe will  occur when one wheel is directly 
over the centerline of the pipe and the second wheel disregarded.  The 
pressure intensity  on the pipe is given by Equation 4.22:  

ὖ ȟ

ὅ ὖz

Ὑ
 

The pressure coefficient ( C) is obtained from  Table 46 at x = 0 and H = 

3 feet.  
For x/R

s 
= 0 and H/R

s 
= 3/2.08  = 1.44, C = 0.068 by interpolation 

between H/R
s 
= 1.2 and H/R

s 
= 1.6 in Table 46. 

ὴ
Ȣ ᶻ ȟ

Ȣ
ωτσ pounds per square foot  

In a similar  manner pressure intensities  are calculated  at  convenient 
increments across the width of the pipe.  The pressure coefficients and 
corresponding pressures in pounds per square foot  are listed  in the 
accompanying table.  

   x/R
s
      

Point 

Pressure 

0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 

Coefficient  C 0.068 0.064 0.058 0.050 0.041 0.031 0.022 0.015 

Pressure psf 943 887 804 693 568 430 305 208 

For convenience of computing the load in pounds per linear  foot,  the 
pressure distribution can be broken down into two components; a 
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uniform  load and a parabolic  load. 

 
The uniform  load occurs where the minimum load is applied to  the pipe 

at:  

ὼ

Ὑί

ρ
ςὄὧ

Ὑί

υȢρσ

ςȢπψ
ςȢυ 

The pressure, p2,  is then interpolated  between the points 2.4 and 2.8 
from  the chart  x/R

s 
above, and equal to 290 pounds per square foot.  

The parabolic  load (area of a parabola = 2/3ab,  or in this case 2/3  (p1- 
p2)Bc 

has a maximum pressure of 653 pounds per foot.  

Therefore  the total  live  load,  (W
L
) is equal to:  

W
L 

= p
2 
x B

c 
+ 2/3  (p

1
-p

2
)B

c
 

W
L  

= 290 x 10.25 + 2/3(943-290)10.25 
W

L  
= 7,435 pounds per linear  foot  

3. Selection of Bedding 
A Class B bedding will  be assumed for  this example.  

 

4. Determination  of Bedding Factor,  (B
fe
) 

a) Determination  of Embankment Bedding Factor 

From Table 60, for  a Class B bedding with  p = 0.7,  H/B
c 

= 3 ft/10.25  ft.  

= 0.3, and r
sd

p = 0.5, an embankment bedding factor of 2.42 is 

obtained.  
B

fe 
= 2.42 

b) Determination  of Live Load Bedding Factor 

Live Load Bedding Factors are given in Illustration  4.25 for  circular 

pipe.  These factors  can be applied to elliptical  pipe by using the 

span of the pipe in place of diameter.  The 106" span for  the elliptical 

pipe in this example is very close to the 108" pipe diameter  value in 

the table.  Therefore,  from Illustration  4.25, the live  load bedding 

factor  for  a pipe with  a span of 108 inches, buried under 3.5 feet  of 

fill  (3 feet  of cover plus 7 inches of pavement is approx. 3.5 feet)  is 

1.7.  

B
fLL 

= 1.7 

5. Application  of Factor of Safety (F.S.) 
A factor  of safety of 1.0 based on the 0.01 inch crack will  be applied.  

6. Selection of pipe strength 

The D-load is given by Equation 4.35 
 

WE = 4,977 earth load in pounds per linear foot 

WF  = 2,454 fluid load in pounds per linear foot 

WL = 7,435 live load in pounds per linear foot 

Bf = Bfe = 2.42 earth load bedding factor 
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BfLL = 1.7 live load bedding factor S = 106/12  

S = 8.83 inside span of pipe in feet 

ὈȢ
ȟ ȟ

Ȣ

ȟ

Ȣ

Ȣ

Ȣ
                                 Equation 4.35 

D0.01 = 843 pounds per linear foot per foot of diameter 

Answer:  A pipe which would withstand  a minimum three -edge bearing test  load 

for  the 0.01 inch crack of 843 pounds per linear  foot  per foot  of inside 

horizontal  span would be required.  

 

EXAMPLE 4-11 
Railroad  Live Load  

 

 

Given:  A 48 inch circular  pipe is to  be installed  under a railroad  in a 9 foot  wide 
trench.  The pipe will be covered with 1.0 foot of 120 pounds per cubic foot 
overfill  (measured from top of pipe to bottom  of ties).  

Find: The required  pipe strength  in terms of 0.01 inch crack D-load.  

 

1. Determination  of Earth Load (W
E
) 

The transition  width  tables do not have fill  heights less than 5 ft.  
With only one foot  of cover,  assume an embankment condition.  An 
installation directly below the tracks such as this would probably require 
good granular soil well  compacted around it  to  avoid settlement  of the 
tracks.  

Ὀ τȢψσ outside diameter of p ipe in feet  

 
Note: The wall thickness for a 48 -inch pipe with a B wall is 5 -inches per ASTM 
C76. 

Do = 4.83 outside diameter of pipe in feet 
w = 120 unit weight of soil in pounds per cubic foot 
H = 1 height of cover in feet 

ὖὒ ρςπ
Ȣ

τȢψσ ψψπ pounds per linear foot 

AREMA requires the use of a vertical  arching factor  of 1.45. Thus, multiply  the soil prism 
load by 1.45 to calculate  the soil load:  

WE = 1.45 x 880 
WE = 1,276 pounds per linear foot 
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Weight of Fluid,  W
F
,  for  a 48" pipe                                               Equation 4.1  

ὡ ‎ ὃz φςȢτz
ᶻ

χψτȢρ pounds per linear foot 

2. Determination  of Live Load (W
L
) 

From Table 56, for  a 48 inch diameter  concrete  pipe,  H = 1.0 foot,  and a 
Cooper E80 design load, a live load of 8,227 pounds per linear foot is 
obtained.  This live  load value includes impact.  
W

L 
= 8,227 pounds per linear  foot  

3. Selection of Bedding 
Since the pipe is in shallow cover directly  under the tracks,  a Type 2 
Installation  will  be used. 

4. Determination  of Bedding Factor,  (B
fe
) 

a.)  Determination  of Embankment Bedding Factor 
 
The embankment bedding factor  for  48 inch diameter  pipe in a 
Type 2 Installation  may be interpolated  from Illustration  4.21. 

Bfe36 = 2.9 

Bfe72 = 2.8 

ὄ
Ȣ Ȣ

ςȢψ ςȢψχ  

b.)  Determination of Live Load Bedding Factor  
From Illustration  4.25, the live  load bedding factor  for  a 48 inch pipe installed  
under 1 foot  of cover is: 

B
fLL 

= 1.5 

5. Application  of Factor of Safety (F.S.) 
A factor  of safety of 1.0 based on the 0.01 inch crack will  be applied.  

6. Selection of Pipe Strength 

The D-load is given by Equation 4.34 

WE = 1,276 earth load in pounds per linear foot 

WF = 784 fluid load in pounds per linear foot 

WL = 8,227 live load in pounds per linear foot 

Bf = Bfe = 2.87 earth load bedding factor 

BfLL = 1.5 live load bedding factor is applicable 

D = 4 

ὈȢ
ȟ

Ȣ

ȟ

Ȣ

Ȣ

Ȣ
ρȟυυπ  

D0.01 = 1,550 pounds per linear foot per foot of diameter 
 

Answer:  A pipe which would withstand  a minimum three -edge bearing test 

for  the 0.01 inch crack of 1,550 pounds per linear  foot  per foot  of 

inside diameter would be required.  
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CHAPTER  5 

SUPPLEMENTAL DATA 

 
CIRCULAR CONCRETE PIPE 

Illustration 5.2 includes tables of dimensions and approximate weights of most 

frequently  used types of circular  concrete  pipe.  Weights are based on concrete 

weighing 150 pounds per cubic foot. Concrete pipe may be produced which 

conforms to the requirements  of the respective  specifications  but  with  increased 

wall  thickness and different  concrete  density.  

ELLIPTICAL CONCRETE PIPE 
Elliptical  pipe,  shown in Illustration  5.1,  installed  with  the major  axis horizontal 

or vertical,  represents two different  products from the stand-point  of structural 

strength, hydraulic characteristics and type of application. Illustration 5.3 includes 

the dimensions and approximate  weights of elliptical  concrete  pipe.  

 

Illustration  5.1 Typical Cross Sections of Horizontal Elliptical and Vertical 
Elliptical  Pipe 

 

 

Horizontal  Elliptical  (HE) Pipe.  Horizontal  elliptical  concrete  pipe is 

installed with the major axis horizontal and is extensively used for minimum cover 

conditions or where vertical  clearance is limited  by existing structures.  It  offers  the 

hydraulic advantage of greater capacity for the same depth of flow than most other 

structures  of equivalent  water -way area. Under most embankment conditions,  

its  wide span results in greater  earth  loadings for  the same height  of cover than 

for the equivalent size circular pipe and, at the same time, there is a reduction in 

effective  lateral  support due to the smaller vertical  dimension of the section.  Earth 

loadings are normally  greater  than for  the equivalent  circular  pipe in 
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Illustration  5.2 Dimensions  and  Approximate  Weights  of Concrete  Pipe 
 

ASTM C 14 - Nonreinforced Sewer and Culvert  Pipe, Bell and Spigot Joint.  

CLASS 1 CLASS 2 CLASS 3 

 Minimum  Approx.  Minimum  Approx .  Minimum  Approx .  
Internal  Wall Weight,  Wall Weight ,  Wall Weight,  

Diameter,  Thickness, pounds  Thickness ,  pounds  Thickness ,  pounds  

inches  inches  per  foot  inches  per  foot  inches  per  foot  

4 5/ 8 9.5 3/ 4 13 7/ 8 15 

6 5/ 8 17 3/ 4 20 1 24 

8 3/ 4 27 7/ 8 31 1 1/ 8 36 

10 7/ 8 37 1 42 1 1/ 4 50 

12 1 50 1 3/ 8 68 1 3/ 4 90 

15 1 1/ 4 80 1 5/ 8 100 1 7/ 8 120 

18 1 1/ 2 110 2 160 2 1/ 4 170 

21 1 3/ 4 160 2 1/ 4 210 2 3/ 4 260 

24 2 1/ 8 200 3 320 3 3/ 8 350 

27 3 1/ 4 390 3 3/ 4 450 3 3/ 4 450 

30 3 1/ 2 450 4 1/ 4 540 4 1/ 4 540 

33 3 3/ 4 520 4 1/ 2 620 4 1/ 2 620 

36 4 580 4 3/ 4 700 4 3/ 4 700 

 
 

ASTM C 76 - Reinforced Concrete Culvert, Storm Drain and Sewer Pipe, 

Bell and Spigot Joint.  

WALL A WALL B 

Internal 

Diameter , 

inches  

Minimum  Wall 

Thickness 

inches  

Approximate 

Weight,  pounds 

per  foot  

Minimum  Wall 

Thickness, 

inches  

Approximate 
Weight,  

pounds per  
foot  

12 1 3/ 4 90 2 110 

15 1 7/ 8 120 2 1/ 4 150 

18 2 160 2 1/ 2 200 

21 2 1/ 4 210 2 3/ 4 260 

24 2 1/ 2 270 3 330 

27 2 5/ 8 310 3 1/ 4 390 

30 2 3/ 4 360 3 1/ 2 450 

These tables are based on concrete  weighing 150 pounds per cubic foot  and will  vary with 

heavier or lighter weight concrete.  
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Illustration  5.2 (Continued)  Dimensions  and  Approximate  Weights  of 

Concrete  Pipe 
 

ASTM C 76 - Reinforced Concrete Culvert, Storm Drain and Sewer Pipe, 

Tongue and Groove Joints 

WALL A WALL B WALL C 

 

Internal 

Diameter 

inches  

Minimum 

Wall 

Thickness , 

inches  

Approximate 
Weight , 

pounds 
per  foot  

Minimum 

Wall 

Thickness , 

inches  

Approximate 
Weight , 

pounds 
per  foot  

Minimum 

Wall 

Thickness , 

inches  

Approximate 

Weight , 

pounds 

per  foot  

12 1 3/ 4 79 2 93 ñ ñ 

15 1 7/ 8 103 2 1/ 4 127 ñ ñ 

18 2 131 2 1/ 2 168 ñ ñ 

21 2 1/ 4 171 2 3/ 4 214 ñ ñ 

24 2 1/ 2 217 3 264 3 3/ 4 366 

27 2 5/ 8 255 3 1/ 4 322 4 420 

30 2 3/ 4 295 3 1/ 2 384 4 1/ 4 476 

33 2 7/ 8 336 3 3/ 4 451 4 1/ 2 552 

36 3 383 4 524 4 3/ 4 654 

42 3 1/ 2 520 4 1/ 2 686 5 1/ 4 811 

48 4 683 5 867 5 3/ 4 1011 

54 4 1/ 2 864 5 1/ 2 1068 6 1/ 4 1208 

60 5 1064 6 1295 6 3/ 4 1473 

66 5 1/ 2 1287 6 1/ 2 1542 7 1/ 4 1735 

72 6 1532 7 1811 7 3/ 4 2015 

78 6 1/ 2 1797 7 1/ 2 2100 8 1/ 4 2410 

84 7 2085 8 2409 8 3/ 4 2660 

90 7 1/ 2 2395 8 1/ 2 2740 9 1/ 4 3020 

96 8 2710 9 3090 9 3/ 4 3355 

102 8 1/ 2 3078 9 1/ 2 3480 10 1/ 4 3760 

108 9 3446 10 3865 10 3/ 4 4160 
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Illustration  5.2 (Continued)  Dimensions  and  Approximate  Weights  of 

Concrete  Pipe 
 

Large Sizes of Pipe Tongue and Groove Joint  

Internal 

Diameter 

Inches  

Internal 

Diameter 

Feet 

Wall 

Thickness 

Inches  

Approximate 
Weight,  pounds 

per  foot  

114 9 1/ 2 9 1/ 2 3840 

120 10 10 4263 

126 10 1/ 2 10 1/ 2 4690 

132 11 11 5148 

138 11 1/ 2 11 1/ 2 5627 

144 12 12 6126 

150 12 1/ 2 12 1/ 2 6647 

156 13 13 7190 

162 13 1/ 2 13 1/ 2 7754 

168 14 14 8339 

174 14 1/ 2 14 1/ 2 8945 

180 15 15 9572 

These tables are based on concrete  weighing 150 pounds per cubic foot  and will  vary with 

heavier or lighter weight concrete.  

 
the trench  condition,  since a greater  trench  width  is usually required  for  HE pipe. 

For shallow cover,  where live  load requirements  control  the design, loading is 

almost identical to that for an equivalent size circular pipe with the same invert 

elevation.  

Vertical  Elliptical  (VE) Pipe. Vertical  elliptical  concrete  pipe is installed  with  

the major  axis vertical  and is useful where minimum horizontal  clearances are 

encountered or where unusual strength characteristics are desired. Hydraulically, 

it  provides higher flushing velocities  under minimum flow  conditions and carries 

equal flow  at a greater  depth than equivalent  HE or circular  pipe.  For trench 

conditions the smaller span requires less excavation than an equivalent  size 

circular  pipe and the pipe is subjected  to less vertical  earth  load due to the 

narrower trench.  The structural advantages of  VE pipe are particularly applicable  

in the embankment condition where the greater height of the section increases the 

effective lateral support while the vertical load is reduced due to the smaller span.  

CONCRETE ARCH PIPE 
Arch pipe,  as shown in Illustration  5.4,  is useful in minimum cover situations 

or other  conditions where vertical  clearance problems are encountered.  It  offers 

the hydraulic  advantage of greater  capacity for  the same depth of flow  than most 

other  structures  of equivalent  water -way area. Structural  characteristics  are similar  
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Illustration  5.3 Dimensions and Approximate Weights of 
Elliptical  Concrete  Pipe 

 

ASTM C 507-Reinforced Concrete Elliptical Culvert, 

Storm Drain and Sewer Pipe 

Equivalent 

Round  Size, 

inches  

Minor 
Axis , 

inches  

Major 
Axis, 

inches  

Minimum  Wall 

Thickness , 

inches  

Water -Way 
Area , 

square  feet  

Approximate 

Weight,  pounds 

per  foot  

18 14 23 2 3/ 4 1.8 195 

24 19 30 3 1/ 4 3.3 300 

27 22 34 3 1/ 2 4.1 365 

30 24 38 3 3/ 4 5.1 430 

33 27 42 3 3/ 4 6.3 475 

36 29 45 4 1/ 2 7.4 625 

39 32 49 4 3/ 4 8.8 720 

42 34 53 5 10.2 815 

48 38 60 5 1/ 2 12.9 1000 

54 43 68 6 16.6 1235 

60 48 76 6 1/ 2 20.5 1475 

66 53 83 7 24.8 1745 

72 58 91 7 1/ 2 29.5 2040 

78 63 98 8 34.6 2350 

84 68 106 8 1/ 2 40.1 2680 

90 72 113 9 46.1 3050 

96 77 121 9 1/ 2 52.4 3420 

102 82 128 9 3/ 4 59.2 3725 

108 87 136 10 66.4 4050 

114 92 143 10 1/ 2 74.0 4470 

120 97 151 11 82.0 4930 

132 106 166 12 99.2 5900 

144 116 180 13 118.6 7000 

to those of horizontal  elliptical  pipe in that  under similar  cover conditions it  is 

subject to the same field load as a round pipe with the same span. For minimum 

cover conditions where live  load requirements  control  the design, the loading 

to which arch pipe is subjected  is almost identical  to  that  for  an equivalent  size 

circular  pipe with the same invert elevation. Illustration 5.5 includes the dimensions 

and approximate  weights of concrete  arch pipe.  
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Illustration  5.4 Typical  Cross Section  of Arch  Pipe 

 

 
 

Illustration  5.5 Dimensions  and  Approximate  Weights  of 
Concrete  Arch  Pipe 

 

ASTM C 506 - Reinforced Concrete Arch Culvert,  Storm Drain and Sewer Pipe 

 
Equivalent 
Round  Size, 

inches  

 
Minimum 

Rise, 

inches  

 
Minimum 

Span, 
inches  

Minimum 

Wall 

Thickness , 

inches  

 
Water -Way 

Area , 

square  feet  

Approximate 

Weight , 

pounds 

per  foot  

15 11 18 2 1/ 4 1.1 ñ 

18 13 1/ 2 22 2 1/ 2 1.65 170 

21 15 1/ 2 26 2 3/ 4 2.2 225 

24 18 28 1/ 2 3 2.8 320 

30 22 1/ 2 36 1/ 4 3 1/ 2 4.4 450 

36 26 5/ 8 43 3/ 4 4 6.4 595 

42 31 5/ 16 51 1/ 8 4 1/ 2 8.8 740 

48 36 58 1/ 2 5 11.4 880 

54 40 65 5 1/ 2 14.3 1090 

60 45 73 6 17.7 1320 

72 54 88 7 25.6 1840 

84 62 102 8 34.6 2520 

90 72 115 8 1/ 2 44.5 2750 

96 77 1/ 4 122 9 51.7 3110 

108 87 1/ 8 138 10 66.0 3850 

120 96 7/ 8 154 11 81.8 5040 

132 106 1/ 2 168 3/ 4 10 99.1 5220 
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Illustration  5.6 Typical  Cross Section  of Precast  Concrete  Box Sections  

 

 
 

CONCRETE BOX SECTIONS 
Precast concrete  box sections, as shown in Illustration  5.6,  are useful in 

minimum cover and width  situations or other  conditions where clearance problems 

are encountered, for special waterway requirements, or designer preference.  

Illustration  5.7 includes the dimensions and approximate  weights of standard 

precast concrete box sections. Special design precast concrete box sections may 

be produced which conform to the requirements of the respective specifications 

but  in different  size and cover conditions.  

Illustration  5.7 Dimensions and Approximate Weights of 
Concrete Box Sections  

 

 

ASTM C1577 - PRECAST REINFORCED CONCRETE BOX SECTIONS 

 

Span (ft.)  

 

Rise (ft.)  

Top Slab 

Thickness 

(in.)  

Bottom 
Slab Thick- 
ness (in.)  

Side-Wall 

Thickness 

(in.)  

Waterway 
Area  (Sq. 

ft.) 

 
Approximate 
Weight  (lbs/ft)  

3 2 7* 6* 4 5.8 830 

3 3 7* 6* 4 8.8 930 

4 2 7.5* 6* 5 7.7 1120 

4 3 7.5* 6* 5 11.7 1240 

4 4 7.5* 6* 5 15.7 1370 

5 2 8* 7* 6 9.5 1500 

5 3 8* 7* 6 14.5 1650 

5 4 8* 7* 6 19.5 1800 

5 5 8* 7* 6 24.5 1950 

6 2 8* 7 7 11.3 1800 

6 3 8* 7 7 17.3 1970 

6 4 8* 7 7 23.3 2150 

6 5 8* 7 7 29.3 2320 
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6 6 8* 7 7 35.3 2500 

7 2 8 8 8 13.1 2200 

7 3 8 8 8 20.1 2400 

7 4 8 8 8 27.1 2600 

7 5 8 8 8 34.1 2800 

7 6 8 8 8 41.1 3000 

7 7 8 8 8 48.1 3200 

8 2 8 8 8 15.1 2400 

8 3 8 8 8 23.1 2600 

8 4 8 8 8 31.1 2800 

8 5 8 8 8 39.1 3000 

8 6 8 8 8 47.1 3200 

8 7 8 8 8 55.1 3400 

8 8 8 8 8 63.1 3600 

9 2 9 9 9 16.9 2980 

9 3 9 9 9 25.9 3210 

9 4 9 9 9 34.9 3430 

9 5 9 9 9 43.9 3660 

9 6 9 9 9 52.9 3880 

9 7 9 9 9 61.9 4110 

9 8 9 9 9 70.9 4330 

9 9 9 9 9 79.9 4560 

10 2 10 10 10 18.6 3630 

10 3 10 10 10 28.6 3880 

10 4 10 10 10 38.6 4130 

10 5 10 10 10 48.6 4380 

10 6 10 10 10 58.6 4630 

10 7 10 10 10 68.6 4880 

10 8 10 10 10 78.6 5130 

10 9 10 10 10 88.6 5380 

10 10 10 10 10 98.6 5630 

11 2 11 11 11 20.3 4330 

11 3 11 11 11 31.3 4610 

11 4 11 11 11 42.3 4880 

11 5 11 11 11 53.3 5160 

11 6 11 11 11 64.3 5430 

11 7 11 11 11 75.3 5710 

11 8 11 11 11 86.3 5980 

11 9 11 11 11 97.3 6260 

11 10 11 11 11 108.3 6530 

11 11 11 11 11 119.3 6810 

12 2 12 12 12 22.0 5100 

12 3 12 12 12 34.0 5400 

12 4 12 12 12 46.0 5700 

12 5 12 12 12 58.0 6000 

12 6 12 12 12 70.0 6300 

12 7 12 12 12 82.0 6600 
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12 8 12 12 12 94.0 6900 

12 9 12 12 12 106.0 7200 

12 10 12 12 12 118.0 7500 

12 11 12 12 12 130 7800 

12 12 12 12 12 142.0 8100 

* Dimension is different  than the side wall  thickness. 

SPECIAL SECTIONS 
Precast Concrete Manhole Sections. Precast manholes offer significant 

savings in installed  cost over cast-in-place concrete,  masonry or brick  manholes 

and are universally accepted for  use in sanitary or storm sewers. Precast, 

reinforced  concrete  manhole sections are available throughout  the United States 

and Canada, and are generally manufactured in accordance with the provisions of 

American Society for  Testing and Materials Standard C 478. 

The typical  precast concrete  manhole as shown in Illustration  5.8 consists 

of riser sections, a top section and grade rings and, in many cases, precast base 

sections or tee sections.  The riser sections are usually 48 inches in diameter, but  

are available from 36 inches up to 72 inches and larger.  They are of circular cross 

section,  and a number of sections may be joined  vertically  on top of the base or 

junction  chamber.  Most precast manholes employ an eccentric  or a concentric 

cone section instead of a slab top.  These reinforced  cone sections affect  the 

transition  from the inside diameter  of the riser sections to  the specified  size of 

the top opening. Flat slab tops are normally  used for  very shallow manholes and  

consist of a reinforced  circular  slab at least 6-inches thick  for  risers up to 48 

inches in diameter and 8 -inches thick for larger riser sizes.  The slab which rests 

on top of the riser sections is cast with  an access opening. 

Precast grade rings, which are placed on top of either the cone or flat slab 

top section,  are used for  close adjustment  of top elevation.  Cast iron manhole 

cover assemblies are normally  placed on top of the grade rings. 

The manhole assembly may be furnished with  or without  steps inserted 

into  the walls of the sections. Reinforcement  required  by ASTM Standard C478 

is primarily  designed to  resist handling stresses incurred  before  and during 

installation, and  is more than adequate for that purpose. Such stresses are more 

severe than those encountered in the vertically  installed  manhole. In normal 

installations, the intensity of the lateral earth loads transmitted to the manhole 

risers is only a fraction of the intensity of the vertical pressure.  

The maximum allowable  depth of a typical  precast concrete  manhole with 

regard to lateral earth pressures is in excess of 300 feet or, for all practical purposes, 

unlimited, Because of this, the critical or limiting factor for manhole depth is the 

supporting strength of the base structure or the resistance to crushing of the ends of 

the riser section.  This phenomena, being largely  dependent on the relative 

settlement of the adjacent soil mass, does not lend itself to precise analysis. Even 

with extremely con servative values for soil weights, lateral pressure and friction  

coefficients,  it  may be concluded several hundred feet  can be safely supported by 

the riser sections without end crushing, based on the assumption that provision is 

made for uniform bearing at the ends of the riser sections and the elimination  of 

localized  stress concentrations.  

When confronted with manhole depths greater than those commonly 
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encountered,  there  may be a tendency to  specify additional  circumferential 

reinforcement in the manhole riser sections. Such requirements are completely 

unnecessary and only result  in increasing the cost of the manhole structure.  

A number of joint  types may be used for  manhole risers and tops,  including 

mortar,  mastic,  rubber gaskets or combinations of these three  basic types for 

sealing purposes. Consideration should be given to manhole depth,  the presence of 

groundwater  and the minimum allowable  leakage rates in the selection  of specific 

joint requirements.  

Flat Base Pipe.  Flat base pipe as shown in Illustration  5.9 has been used as 

cattle passes, pedestrian underpasses and utility tunnels. It is normally furnished 

with joints designed for use with mortar or mastic fillers and may be installed by the 

conventional open trenching method or by jacking.  

Although not covered by any existing national  specification,  standard designs 

have been developed by various manufacturers  which are appropriate  for  a wide 

range of loading conditions.  

Illustration  5.8 Typical  Configuration  of Precast  Manhole  Sections  
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Illustration  5.9 Typical Cross Sections of Flat Base Pipe 

 

STANDARD SPECIFICATIONS FOR CONCRETE PIPE 
Nationally  accepted specifications  covering concrete  pipe along with  the 

applicable size ranges and scopes of the individual specifications are included in 

the following  list.  

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 
ASTM C14 Concrete Sewer, Storm Drain and Culvert  Pipe: Covers 

nonreinforced  concrete  pipe intended  to be used for  the 

conveyance of sewage, industrial  wastes, storm water,  and for 

the construction  of culverts  in sizes from 4 inches through 

36 inches in diameter.  

ASTM C 76 Reinforced Concrete Culvert,  Storm Drain, and Sewer Pipe: 

Covers reinforced concrete pipe intended to be used 

for  the conveyance of sewage, industrial  wastes, 

and storm waters,  and for  the construction  of 

culverts. Class I - 60 inches through 144 inches in diameter; 

Class II,  III,  IV and V - 12 inches through 144 inches in 

diameter.  Larger sizes and higher classes are available 

as special designs. 

ASTM C 118 Concrete Pipe for Irrigation or Drainage: Covers concrete pipe 

intended  to be used for  the conveyance of irrigation  

water  under low hydrostatic  heads, generally 

not exceeding 25 feet, and for use in drainage in sizes from 4 

inches through 24 inches in diameter.  

ASTM C 361 Reinforced Concrete Low-Head Pressure Pipe: Covers 

reinforced  concrete  pipe intended  to be used for  the 

construction of pressure conduits with low internal hydrostatic 

heads generally not exceeding 125 feet  in sizes 

from 12 inches through 108 inches in diameter.  

ASTM C 412 Concrete Drain Tile: Covers nonreinforced concrete drain 

tile  with  internal  diameters from 4 inches to 24 inches for  
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Standard Quality,  and 4 inches to 36 inches for  Extra- 

Quality, Heavy-Duty Extra-Quality and Special Quality 

Concrete Drain Tile.  

ASTM C 443 Joints for  Circular Concrete Sewer and Culvert  Pipe, with 

Rubber Gaskets: Covers joints  where infiltration  or exfiltration 

is a factor  in the design, including  the design of joints  

and the requirements for rubber gaskets to be used therewith 

for  pipe conforming in all  other  respects to ASTM C 14 

or ASTM C 76. 

ASTM C 444 Perforated  Concrete Pipe: Covers perforated  concrete  pipe 

intended  to be used for  underdrainage in sizes 4 inches and 

larger.  

ASTM C 478 Precast Reinforced Concrete Manhole Sections: Covers 

precast reinforced concrete manhole risers, grade rings 

and tops to be used to construct manholes for storm 

and sanitary sewers. 

ASTM C 497 Standard Test Methods for Concrete Pipe, Manhole Sections, 

or Tile: Covers procedures for testing concrete pipe and tile.  

ASTM C 505 Nonreinforced Concrete Irrigation Pipe With Rubber Gasket 

Joints:  Covers pipe to  be used for  the conveyance of 

irrigation water with working pressures, including 

hydraulic  transients,  of up to 30 feet  of head. Higher 

pressures may be used up to a maximum of 50 feet  for  6 inch 

through 12 inch diameters,  and 40 feet  for  15 inch through 18 

inch diameters by increasing the strength  of the pipe.  

ASTM C 506 Reinforced Concrete Arch Culvert,  Storm Drain, and Sewer 

Pipe: Covers pipe to be used for  the conveyance of sewage, 

industrial waste, and storm water and for the construction of 

culverts  in sizes from 15 inch through 132 inch equivalent 

circular diameter. Larger sizes are available as special 

designs. 

ASTM C 507 Reinforced Concrete Elliptical  Culvert,  Storm Drain, and 

Sewer Pipe: Covers reinforced elliptically shaped concrete 

pipe to be used for  the conveyance of sewage, industrial 

waste and storm water,  and for  the construction  of 

culverts. Five standard classes of horizontal elliptical,  

18 inches through 144 inches in equivalent circular 

diameter  and five  standard classes of vertical  elliptical,  

36 inches through 144 inches in equivalent circular diameter 

are included.  Larger sizes are available  as special designs. 

ASTM C 655 Reinforced Concrete D-load Culvert,  Storm Drain and Sewer 

Pipe: Covers acceptance of pipe design and production  pipe 

based upon the D-load concept and statistical sampling 

techniques for concrete pipe to be used for the conveyance of 

sewage, industrial waste and storm water and construction of 

culverts.  

ASTM C 822 Standard Definitions and Terms Relating to Concrete Pipe 

and Related Products: Covers words and terms used in 
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concrete  pipe standards. 

ASTM C 877 External Sealing Bands for  Concrete Pipe, Manholes, and 

Precast Box Sections: Covers external sealing bands to be 

used for  precast structures,  circular  and noncircular.  

ASTM C 923 Resilient Connectors Between Reinforced Concrete 

Manhole Structures, Pipes and laterals: Covers the minimum 

performance  and material  requirements  for  resilient  

connections between pipe and reinforced  concrete  manholes 

conforming to ASTM C 478. 

ASTM C 924 Testing Concrete Pipe Sewer Lines by Low-Pressure Air Test 

Method: Covers procedures for testing concrete pipe sewer 

lines when using the low-pressure air test  method to 

demonstrate  the integrity  of the installed  material  and 

construction  procedures. 

ASTM C 969 Infiltration  and Exfiltration  Acceptance Testing of Installed 

Precast Concrete Pipe Sewer Lines: Covers procedures for 

testing installed precast concrete pipe sewer lines using either 

water infiltration or exfiltration acceptance limits to 

demonstrate  the integrity  of the installed  materials  and 

construction  procedure.  

ASTM C 985 Nonreinforced Concrete Specified Strength Culvert,  Storm 

Drain, and Sewer Pipe: Covers nonreinforced  concrete  pipe 

designed for  specified  strengths and intended  to be used for 

the conveyance of sewage, industrial  wastes, storm water, 

and for  the construction  of culverts.  

ASTM C 990 Joints for  Concrete Pipe, Manholes, and Precast Box Sections 

Using Preformed Flexible  Sealants: Covers joints  for  precast 

concrete  pipe,  box, and other  sections using preformed 

flexible  joint  sealants for  use in storm sewers and culverts 

which are not intended to operate under internal pressure, or 

are not subject to infiltration or exfiltration limits.  

ASTM C 1103 Joint  Acceptance Testing of Installed  Precast Concrete Pipe 

Sewer Lines: Covers procedures for  testing  the joints  of 

installed  precast concrete  pipe sewer lines,  when using either 

air or water under low pressure to demonstrate the integrity of 

he joint and construction procedure.  

ASTM C 1131 Least Cost (Life Cycle) Analysis of Concrete Culvert, Storm 

Sewer, and Sanitary Sewer Systems: Covers procedures for 

least cost (life  cycle) analysis (LCA) of materials,  systems, or 

structures proposed for use in the construction of concrete 

culvert,  storm sewer and sanitary sewer systems. 

ASTM C 1214 Test Method for  Concrete Pipe Sewerlines by Negative Air 

Pressure (Vacuum) Test Method: Covers procedures for 

testing concrete pipe sewerlines, when using the negative 

air  pressure (vacuum) test  method to  demonstrate  the 

integrity  of the installed  material  and the construction 

procedures. 

ASTM C 1244 Test Method for  Concrete Sewer Manholes by the Negative 
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Air Pressure (Vacuum) Test: Covers procedures for  

testing  precast concrete  manhole sections when using the 

vacuum test  method to demonstrate  the integrity  of the 

installed  materials  and the construction  procedures. 

ASTM C 1417 Manufacture of Reinforced Concrete Sewer, Storm Drain, and 

Culvert  Pipe for  Direct  Design: Covers the manufacture  and 

acceptance of precast concrete  pipe designed to conform to 

the ownerõs design requirements  and to  ASCE 15-98 (Direct 

Design Standard) or an equivalent design specification.  

ASTM C 1433 Precast Reinforced Concrete Box Sections for Culverts, Storm 

Drains, and Sewers: Covers single-cell  precast reinforced 

concrete  box sections intended  to be used for  the 

construction  of culverts  for  the conveyance of storm water 

and industrial  wastes and sewage. 

ASTM C1479 Installation  of Precast Concrete Sewer, Storm Drain, and 

Culvert  Pipe Using Standard Installations:  Covers the 

installation  of precast concrete  pipe intended  to be used 

for the conveyance of sewage, industrial wastes, and storm 

water  and for  the construction  of culverts.  

ASTM C1504 Manufacture of Precast Reinforced Concrete Three-Sided 

Structures for  Culverts and Storm Drains: Covers single-cell 

precast conventionally  reinforced  concrete  three -sided 

structures intended to be used for the construction of culverts 

and for  the conveyance of storm water.  

ASTM C1577 Precast Reinforced Concrete Monolithic  Box Sections for 

Culverts,  Storm Drains, and Sewers Designed According to 

AASHTO LRFD: Covers single-cell  precast reinforced  

concrete box sections cast monolithically and intended to be 

used for  the construction  of culverts  and for  the conveyance 

of storm water,  industrial  wastes and sewage. 

ASTM C1675 Installation  of Precast Reinforced Concrete Monolithic  Box 

Sections for  Culverts,  Storm Drains, and Sewers: Covers the 

installation  of precast reinforced  concrete  box sections cast 

monolithically  and intended  to be used for  the conveyance of 

storm water,  industrial  wastes and sewage, and 

for  passageways. 

ASTM C1765 Steel Fiber Reinforced Concrete Culvert, Storm Drain, and 

Sewer Pipe: Covers steel fiber  reinforced  concrete  pipe 

(SFRCP) of internal  diameters 12 ð 48 in.,  intended  to be 

used for the conveyance of sewage, industrial wastes, and 

storm water  and for  the construction  of culverts.  

ASTM C1786 Segmental Precast Reinforced Concrete Box Section for 

Culverts,  Storm Drains, and Sewers Designed According to 

AASHTO LRFD: Covers precast reinforced  concrete  box 

sections comprised of separate segments that once 

properly field assembled make the final  
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structure.  These structures  are intended  to be used for  the 

construction  of culverts  and for  the conveyance 

of storm water,  industrial  wastes and sewage. 

ASTM C1821 Installation  of Underground Circular Precast Concrete 

Manhole Structures: Covers the procedures to be followed in 

the planning,  site preparation,  installation,  testing,  and 

backfilling  of underground vertical  reinforced  circular  

precast concrete  manholes and components manufactured  in 

accordance with Specification C478 (C478M) and used in 

sewer, drainage, and water  works. 

ASTM C1840 Inspection and Acceptance of Installed Reinforced Concrete 

Culvert,  Storm Drain, and Storm Sewer Pipe: Covers the 

requirements  for  inspection and acceptance of installed 

reinforced  concrete pipe by either  person-entry,  or remote 

inspection.  

ASTM C1846 Performance Based Manufacture of Reinforced Concrete 

Culvert,  Storm Drain, and Sewer Pipe: Covers reinforced 

concrete  pipe intended  to be used for  the conveyance of 

sewage, industrial  wastes, and storm water,  and for  the 

construction  of culverts.  
 

AMERICAN ASSOCIATION OF STATE HIGHWAY 
AND TRANSPORTATION OFFICIALS (AASHTO) 

 
AASHTO M 86 Concrete Sewer, Storm Drain, and Culvert  Pipe: Similar to 

ASTM C 14. 

AASHTO M 170 Reinforced Concrete Culvert,  Storm Drain, and Sewer Pipe: 

Similar to ASTM C 76. 

AASHTO M 175 Perforated  Concrete Pipe: Similar to ASTM C 444. 

AASHTO M 178 Concrete Drain Tile:  Similar to ASTM C 412. 

AASHTO M 199 Precast Reinforced Concrete Manhole Sections: Similar to 

ASTM C 478. 

AASHTO M 206 Reinforced Concrete Arch Culvert, Storm Drain, and Sewer 

Pipe: Similar to ASTM C 506. 

AASHTO M 207 Reinforced Concrete Elliptical  Culvert,  Storm Drain, and 

Sewer Pipe: Similar to ASTM C 507. 

AASHTO M 242 Reinforced Concrete D-Load Culvert, Storm Drain, and Sewer 

Pipe: Similar to ASTM C 655. 

AASHTO M 259 Precast Reinforced Concrete Box Sections for Culverts, Storm 

Drains and Sewers. 

AASHTO M 262 Concrete Pipe and Related Products: Similar to ASTM C 882. 

AASHTO T 280 Methods of Testing Concrete Pipe, Sections, or Tile:  Similar to  

ASTM C 497. 
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PIPE JOINTS 
 

Pipe joints  perform  a variety  of functions  depending upon the type of pipe 

and its application.  To select a proper joint,  determine  which of the following 

characteristics  are pertinent  and what degree of performance is acceptable.  

 
Joints are designed to provide:  

1. Resistance to  infiltration  of ground water  and/or  backfill  material.  

2. Resistance to exfiltration  of sewage or storm water.  

3. Control of leakage from internal  or external  heads. 

4. Flexibility to accommodate lateral deflection or longitudinal movement 

without creating leakage problems.  

5. Resistance to shear stresses between adjacent pipe sections without 

creating  leakage problems. 

6. Hydraulic continuity  and a smooth flow  line.  

7. Controlled  infiltration  of ground water  for  subsurface drainage. 

8. Ease of installation.  

 
The actual  field  performance  of any pipe joint  depends primarily  upon 

the inherent  performance  characteristics  of the joint  itself,  the severity  of the 

conditions of service,  and the care with  which it  is installed.  

Since economy is important,  it  is usually necessary to compare the installed 

cost of several types of joints against pumping and treatment costs resulting from 

increased or decreased amounts of infiltration.  

The concrete  pipe industry  utilizes  a number of different  joints,  listed  below,  to 

satisfy a broad range of performance  requirements.  These joints  vary in cost,  as 

well  as in inherent  performance  characteristics.  The field  performance  of all  joints 

is dependent upon proper installation procedures.  

 
Å Concrete surfaces, either  bell  and spigot or tongue and groove, with  some 

packing such as cement mortar,  a preformed  mastic compound, or a trowel 

applied mastic compound, as shown in Illustration  5.10.  These joints  have 

no inherent  watertightness  but  depend exclusively upon the workmanship 

of the contractor.  Field poured concrete  diapers or collars are sometimes 

used with  these joints  to  improve performance.  Joints employing mortar 

joint fillers are rigid, and any deflection or movement after installation will 

cause cracks permitting leakage. If properly applied, mastic joint fillers 

provide a degree of flexibility without impairing watertightness.  These joints 

are not generally recommended for any internal or external head conditions  

if  leakage is an important  consideration.  Another jointing  system used with 

this type joint  is the external  sealing band type rubber gasket conforming 

to ASTM C 877. Generally limited  to straight  wall  and modified  tongue 

and groove configurations,  this jointing  system has given good results in 

resisting external heads of the magnitude normally encountered in sewer 

construction.  
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Illustration  5.10 Typical  Cross Sections  of Joints With Mortar  or Mastic 
Packing  

 

MORTAR PACKING MASTIC PACKING 

 

Å Concrete surfaces, with  or without  shoulders on the tongue or the groove, 

with  a compression type rubber gasket as shown in Illustration  5.11. 

Although there  is wide variation  in joint  dimensions and gasket cross 

section for this type joint, most are manufactured in conformity with ASTM 

C 443. This type joint is primarily intended for use with pipe manufactured 

to meet  the requirements  of ASTM C 14 or ASTM C 76 and may be used 

with either bell and spigot or tongue and groove pipe.  
 

Illustration  5.11 Typical Cross Sections of Basic Compression  Type Rubber 
Gasket  Joints 

 

 
Å Concrete surfaces with  opposing shoulders on both the bell  and spigot for 

use with  an o-ring,  or circular  cross section,  rubber gasket as shown in 

Illustration  5.12. Basically designed for  low pressure capability,  these joints 

are frequently used for irrigation lines, waterlines, sewer force mains, and 

gravity or low head sewer lines where infiltration or exfiltration is a factor 

in the design. Meeting all  of the requirements  of ASTM C 443, these type 

joints  are also employed with  pipe meeting the requirements  of ASTM C 

361. They provide good inherent  watertightness  in both the straight  and 

deflected  positions,  which can be demonstrated  by plant  tests.  
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Illustration  5.12 Typical Cross Sections of Opposing Shoulder Type Joint 
With O-ring  Gasket  

 

Å Concrete surfaces with  a groove on the spigot for  an 0-ring rubber gasket, 

as shown in Illustration 5.13. Also referred to as a confined 0 -ring type joint, 

these are designed for  low pressure capabilities  and are used for  irrigation 

lines, water lines, sewer force mains, and sewers where infiltration or 

exfiltration is a factor in the design.  This type joint, which provides excellent 

inherent watertightness in both the straight and deflected positions, may be 

employed to meet  the joint  requirements  of ASTM C 443, C1628 and ASTM 

C 361. 

 
Illustration  5.13 Typical Cross Section of Spigot Groove  Type Joint 

With O-ring  Gasket  
 

 
Å Steel bell  and spigot rings with  a groove on the spigot for  an 0-ring rubber 

gasket, as shown in Illustration  5.14.  Basically a high pressure joint 

designed for use in water transmission and distribution lines, these are also 

used for  irrigation  lines,  sewer force mains, and sewers where infiltration  

or exfiltration is a factor in the design.  This type of joint will meet the joint 

requirements of ASTM C 443 and ASTM C 361. Combining great shear 

strength and excellent inherent watertightness and flexibility, this type joint 

is the least subject  to  damage during installation.  
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Illustration  5.14 Typical  Cross Section  of Steel End Ring Joint  With Spigot 
Groove  and  O-ring  Gasket  

 

 
Since both field construction practices and conditions of service are subject to 

variation, it is impossible to precisely define the field performance characteristics  

of each of the joint types. Consultation with local concrete pipe manufacturers will 

provide information  on the availability  and cost of the various joints.  Based on this 

information and an evaluation of groundwater conditions, the specifications should  

define allowable infiltration or exfiltration rates and/or the joint types which are 

acceptable.  

JACKING  CONCRETE PIPE 

 
Concrete pipelines were first jacked in place by the Northern Pacific Railroad 

between 1896 and 1900. In more recent  years, this technique  has been applied to 

sewer construction where intermediate shafts along the line of the sewer are used 

as jacking stations.  

Reinforced concrete pipe as small as 18-inch inside diameter and as large as 

132-inch inside diameter  have been installed  by jacking.  

 

Required Characteristics of Concrete Jacking Pipe. Two types of loading 

conditions are imposed on concrete pipe installed by the jacking method; the axial 

load due to the jacking pressures applied during installation, and the earth loading 

due to the overburden,  with  some possible influence  from live  loadings, which will 

generally become effective  only after  installation  is completed.  

It  is necessary to  provide for  relatively  uniform  distribution  of the axial load 

around the periphery of the pipe to prevent localized stress concentrations.  This is 

accomplished by keeping the pipe ends parallel  within  tight  tolerances,  by using 

a cushion material,  such as plywood or hardboard,  between the pipe sections, 

and by care on the part  of the contractor  to insure that  the jacking force  is properly 

distributed  through the jacking  frame to the pipe and parallel  with  the axis of the 

pipe.  The cross sectional area of the concrete  pipe wall  is more than adequate 

to resist pressures encountered in any normal jacking  operation.  For projects 

where extreme  jacking  pressures are anticipated  due to long jacking  distances 

or excessive unit frictional forces, higher concrete compressive strength may be 

required, along with greater care to avoid bearing stress concentrations. Little or 

no gain in axial crushing resistance is provided by specifying a higher class of 

pipe.  
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For a comprehensive treatment  of earth  loads on jacked pipe see Chapter 

4. The earth  loads on jacked pipe are similar  to loads on a pipe installed  in a 

trench with the same width as the bore with one significant difference. In a jacked 

pipe installation  the cohesive forces within  the soil mass in most instances are 

appreciable and tend to reduce the total vertical load on the pipe.  Thus the vertical 

load on a jacked pipe will  always be less than on a pipe in a trench  installation  

with the same cover and, unless noncohesive materials are encountered, can be 

substantially  less. 

With the proper analysis of loadings and selection  of the appropriate  strength 

class of pipe,  few additional  characteristics  of standard concrete  pipe need be 

considered. Pipe with  a straight  wall,  without  any increase in outside diameter  at 

the bell  or groove, obviously offers  fewer  problems and minimizes the required 

excavation.  Considerable quantities  of modified  tongue and groove pipe have been 

jacked,  however,  and presented no unusual problems.  

The Jacking  Method.  The usual procedure in jacking concrete  pipe is to 

equip the leading edge with a cutter, or shoe, to protect the pipe. As succeeding 

lengths of pipe are added between the lead pipe and the jacks,  and the pipe 

jacked forward,  soil is excavated and removed through the pipe.  Material  is 

trimmed with care and excavation does not precede the jacking operation more 

than necessary. Such a procedure usually results in minimum disturbance of the 

natural  soils adjacent  to  the pipe.  

Contractors occasionally find it desirable to coat the outside of the pipe with a 

lubricant, such as bentonite, to reduce the frictional resistance. In some instances, 

this lubricant  has been pumped through special fittings  installed  in the wall  of the 

pipe.  

Because of the tendency of jacked pipe to òsetó when forward  movement is 

interrupted for as long as a few hours, resulting in significantly increased frictional 

resistance, it  is desirable to continue jacking operations until  completed.  

In all  jacking operations it  is important  that  the direction  of jacking be carefully 

established prior  to  beginning the operation.  This requires the erection  of guide 

rails in the bottom  of the  jacking  pit  or shaft.  In the case of large pipe,  it  is desirable 

to have such rails carefully  set in a concrete  slab. The number and capacity  of the 

jacks required  depend primarily  upon the size and length  of the pipe to be jacked 

and the type of soil encountered.  

Backstops for  the jacks must be strong enough and large enough to distribute 

the maximum capacity of the jacks against the soil behind the backstops. A typical 

installation  for  jacking  concrete  pipe is shown in Illustration  5.15.  

BENDS AND CURVES 
 

Changes in direction  of concrete  pipe sewers are most commonly effected  at 

manhole structures.  This is accomplished by proper location of the inlet and outlet 

openings and finishing  of the invert  in the structure  to  reflect  the desired angular 

change of direction.  
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and the pipe is pushed 

 

Illustration  5.15 Steps in Jacking  Concrete  Pipe 

1. Pits are excavated on 

each side. The jacks will 

bear against the back of 

the left  pit  so a steel or 

wood abutment  is added 

for  reinforcement.  A 

simple track  is added to 

guide the concrete  pipe 

section.  The jack(s) are 

positioned in place on 

supports. 

 
2. A section of concrete 

pipe is lowered into  the 

pit.  

 
3. The jack(s) are operated 

pushing the pipe section 

forward.  

 
4. The jack  ram(s) are 

retracted  and a òspaceró is 

added between the jack(s) 

and pipe.  

 
5. The jack(s) are operated 

forward  again. 

6. It  may become 

 
above steps 4 and 5 

several times until  the 

pipe is pushed forward 

enough to allow room for 

the next section of pipe. 

It  is extremely  important, 

therefore,  that  the strokes 

of the jacks be as long 

as possible to reduce 

the number of spacers 

required and thereby 

reduce the amount of 

time  and cost.  The ideal  

situation  would be to have 

the jack  stroke longer than 

the pipe to completely 

eliminate  the need for 

spacers. 

 
7. The next  section of pipe 

is lowered into  the pit  and 

the above steps repeated. 

The entire  process above 

is repeated until  the 

operation  is complete.  

necessary to repeat  the 

  

Track 
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In engineering both grade and alignment  changes in concrete  pipelines it  is 

not  always practical  or feasible to  restrict  such changes to manhole structures.  

Fortunately  there  are a number of economical alternatives.  

 

Deflected  Straight  Pipe.  With concrete  pipe installed  in straight  alignment 

and the joints in a home (or normal) position, the joint space, or distance between 

the ends of adjacent  pipe sections, will  be essentially uniform  around the 

periphery  of the pipe.  Starting from this home position  any joint  may be opened up 

to a maximum permissible joint  opening on one side while  the other  side remains 

in the home position.  The difference  between the home and opened joint  space is 

generally designated as the pull.  This maximum permissible opening retains some 

margin between it and the limit for satisfactory function of the joint. It varies for 

different  joint  configurations  and is best obtained  from the pipe manufacturer.  

Opening a joint  in this manner effects  an angular deflection  of the axis of the 

pipe,  which,  for  any given pull  is a function  of the pipe diameter.  Thus, given the 

values of any two  of the  three  factors;  pull,  pipe diameter,  and deflection  angle, the 

remaining factor  may be readily  calculated.  

The radius of curvature  which may be obtained by this method is a function 

of the deflection  angle per joint  and the length  of the pipe sections. Thus, 

longer lengths of pipe will  provide a longer radius for  the same pull  than would 

be obtained with  shorter lengths.  The radius of curvature  is computed by the 

equation:  

Ὑ  
ὒ
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where:   
R = Radius of curvature,  feet  

L = Average laid  length  of pipe sections measured along the centerline,  feet  

ĵ = Total  deflection  angle of curve,  degrees 

N = Number of pipe with  pulled  joints  
ĵ = Total  deflection  of each pipe,  degrees 

Using the deflected  straight  pipe method,  Illustration  5.16 shows that  the P.C. 

(point  of curve) will  occur at  the  midpoint  of the  last undeflected  pipe and the P.T. 

(point  of tangent)  will  occur at  the midpoint  of the last pulled  pipe.  

Illustration  5.16 Curved  Alignment  Using Deflected  Straight  Pipe 
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Radius Pipe.  Sharper curvature  with  correspondingly shorter radii  can be 

accommodated with radius pipe than with deflected straight pipe.  This is due to 

the greater  deflection  angle per joint  which may be used. In this case the pipe 

is manufactured  longer on one side than the other  and the deflection  angle is 

built in at the joint. Also referred to as bevelled or mitered pipe, it is similar in 

several respects to deflected  straight  pipe.  Thus, shorter  radii  may be obtained 

with shorter pipe lengths; the maximum angular deflection which can be obtained  

at each joint  is a function  of both the pipe diameter  and a combination  of the 

geometric  configuration  of the joint  and the method of manufacture.  

These last two  factors  relate  to how much shortening or drop can be applied 

to one side of the pipe.  The maximum drop for  any given pipe is best obtained 

from the manufacturer  of the pipe since it  is based on manufacturing  feasibility.  

The typical alignment problem is one in which the total ĵ angle of the curve 

and the required  radius of curvature  have been determined.  The diameter  and 

direction of laying of the pipe are known.  To be determined is whether the curve 

can be negotiated  with  radius pipe and, if  so, what  combination  of pipe lengths 

and drop are required.  Information  required  from the pipe manufacturer  is the 

maximum permissible drop,  the wall  thicknesses of the pipe and the standard 

lengths in which the pipe is available.  Any drop up to the maximum may be used 

as required  to fit  the curve.  

Values obtained  by the following  method are approximate,  but  are within  a 

range of accuracy that  will  permit  the pipe to be readily  installed  to fit  the required 

alignment.  

The tangent  of the deflection  angle,  required  at each joint is computed by 

the equation:  
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where:  

ĵ = Total  deflection  angle of curve,  degrees  

N = Number of radius pipe 

L  = The standard pipe length  being used, feet  

R = Radius of curvature,  feet  

D  = Inside diameter  of the pipe,  feet  

t  = Wall thickness of the pipe,  feet  

The required  drop in inches to provide the deflection  angle,   computed 

by the equation:  

ὈὶέὴρςὈ ςὸÔÁÎ
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The number of pieces of radius pipe required is equal to the length of the 

circular  curve in feet  divided  by the centerline  length  of the radius pipe 

(L - 1/2 Drop). Minor modifications in the radius are normally made so this quotient 

will  be a whole number.  

If  the calculated  drop exceeds the maximum permissible drop,  it  will  be 

necessary to either increase the radius of curvature or to use shorter pipe lengths. 

Otherwise special fittings  must be used as covered in the next  section.  
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It is essential that radius pipe be oriented such that the plane of the dropped 

joint  is at  right  angles to the theoretical  circular  curve.  For this reason lifting  holes 

in the pipe must be accurately  located,  or,  if  lifting  holes are not  provided,  the top 

of the pipe should be clearly  and accurately  marked by the manufacturer  so that 

the deflection  angle is properly  oriented.  

It  should also be noted that  a reasonable amount of field  adjustment  is 

possible by pulling the radius pipe joints in the same manner as with deflected 

straight  pipe.  

Illustration  5.17 Curved  Alignment  Using Radius Pipe 

 

As indicated in Illustration 5.17, the P.C. (point of curve) falls at the midpoint 

of the last straight  pipe and the P.T. (point  of tangent)  falls  one half  of the standard 

pipe length back from  the straight  end of the last radius pipe.  To assure that  the 

P.C. will  fall  at  the proper station  it  is generally necessary that  a special short 

length of pipe be installed  in the line,  ahead of the P.C. 

 

Bends and  Special  Sections.  Extremely short radius curves cannot be 

negotiated with either deflected straight pipe or with conventional radius pipe. 

Several alternatives are available through the use of special precast sections to 

solve such alignment  problems. 

Sharper curves can be handled by using special short lengths of radius pipe 

rather  than standard lengths.  These may be computed in accordance with  the 

methods discussed for  radius pipe.  

Certain types of manufacturing  processes permit  the use of a dropped joint 

on both ends of the pipe, which effectively doubles the deflection. Special bends, 

or elbows can be manufactured  to meet  any required  deflection  angle and some 

manufacturers  produce standard bends which provide given angular deflection  per 

section.  

 

One or more of these methods may be employed to meet  the most severe 

alignment  problems.  Since manufacturing  processes and local  standards vary,  

local  concrete pipe manufacturers should be consulted to determine the availability 

and geometric configuration of special sections.  
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SIGNIFICANCE OF CRACKING 
 

The occurrence, function and significance of cracks have probably been the 

subject  of more misunderstanding and unnecessary concern by engineers than 

any other  phenomena related  to reinforced  concrete  pipe.  

Reinforced concrete pipe, like reinforced concrete structures in general, are 

made of concrete reinforced with steel in such a manner that the high compressive 

strength  of the concrete  is balanced by the high tensile  strength  of the steel.  In 

reinforced  concrete  pipe design, no value is given to the tensile  strength  of the 

concrete.  The tensile strength of the concrete, however, is important since all parts 

of the pipe are subject  to  tensile  forces at  some time  subsequent to  manufacture. 

When concrete is subjected  to tensile  forces in excess of its tensile  strength,  it 

cracks. 

Unlike most reinforced  concrete  structures,  reinforced  concrete  sewer and 

culvert pipe is designed to meet a specified cracking load rather than a specified 

stress level in the reinforcing steel.  This is both reasonable and conservative since 

reinforced  concrete  pipe may be pretested  in accordance with  detailed  national 

specifications.  

In the early days of the concrete  pipe industry,  the first  visible crack observed 

in a three -edge bearing test  was the accepted criterion  for  pipe performance.  

However, the observation of such cracks was subject  to variations depending 

upon the zeal and eyesight of the observer. The need soon became obvious 

for  a criterion  based on a measurable crack of a specified width.  Eventually the 

0.01-inch crack, as measured by a feeler gage of a specified shape, became the 

accepted criterion  for  pipe performance.  

The most valid  basis for  selection  of a maximum allowable  crack width  is the 

consideration of exposure and potential corrosion of the reinforcing steel. If a crack 

is sufficiently  wide to provide access to the steel by both moisture  and oxygen, 

corrosion will  be initiated.  Oxygen is consumed by the oxidation  process and in 

order for  corrosion to be progressive there  must be a constant replenishment.  

Bending cracks are widest  at  the surface and get rapidly  smaller as they 

approach the reinforcing steel. Unless the crack is wide enough to allow circulation 

of the moisture and replenishment  of oxygen, corrosion is unlikely.  Corrosion is 

even further  inhibited  by the alkaline  environment  resulting  from  the cement.  

While cracks considerably in excess of 0.01-inch have been observed 

after a period of years with absolutely no evidence of corrosion, 0.01 -inch is 

a conservative and universally accepted maximum crack width for design of 

reinforced concrete pipe.  

Å Reinforced concrete  pipe is designed to crack.  Cracking under load 

indicates that the tensile stresses have been transferred to the 

reinforcing steel.  

Å A crack 0.01-inch wide does not indicate structural distress and is not 

harmful.  

Å An engineer shall evaluate all RCP with cracks greater than 0.01 inches but 

less than 0.10 inches to determine if any remediation or repair is required. 

RCP with a crack width less than 0.10 inches and located in a noncorrosive 

environment  (pH Ó 5.5) are generally acceptable.  

Å An exception to the above occurs with pipe manufactured with greater than  1 
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inch cover over the reinforcing  steel.  In these cases acceptable  crack 

width  should be increased in proportion  to the additional  concrete  cover. 
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