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Critical Buckling Pressure
for Ductile Iron Pipe
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TABIBl 

Standard Pressure Classes and Nominal Thicknesses 
of Ductile Iron Pipe 

Pressure Qass 

Outside 150 200 250 300 
Diameter 

in. Nominal Thickness - in. 

3.96 - - - -
4.80 - - - -
6.90 - - - -
9.05 - - - -

11.10 - - - -
13.20 - - - -
15.30 - - 0.28 0.30 

17.40 - - 0.30 0.32 

19.50 - - 031 0.34 

21.60 - - 0.33 0.36 

25.80 - 0.33 0.37 0.40 

32.00 0.34 0.38 0.42 0.45 

38.30 0.38 0.42 0.47 0.51 

44.50 0.41 0.47 0.52 0.57 

50.80 0.46 0.52 0.58 0.64 

57.56 0.51 0.58 0.65 0.72 

61.61 0.54 0.61 0.68 0.76 

65.67 0.56 0.64 0.72 0.80 

350 

0.25• 

0.25• 

0.25• 

0.25• 

0.26 

0.28 

0.31 ·-
0.34 

0.36 

0.38 

0.43 

0.49 

0.56 

0.63 

0.70 

0.79 

0.83 

0.87 

*Calculated thicknesses for these sizes and pressure ratings are less than
those shown above. These are the lowest nominal thicknesses currently
available in these sizes.

Pressure classes are defined as the rated water working pressure of the 
pipe in psi. The thicknesses shown are adequate for the rated water 
working pressure plus a surge allowance of 100 psi. Calculations are based 
on a minimum yield strength in tension of 42,000 psi and 2.0 safety factor 
times the sum of working pressure and 100 psi surge allowance. 

Thickness can be calculated for rated water working pressure and surges 
other than the above by use of the design procedure detailed in 
ANSI/AWWA C150/A21.50. 

Ductile Iron pipe can be utilized for water working pressure greater than 
350 psi and is available in thicknesses greater than Pressure Oass 350. 
Contact DIPRA member companies regarding specific requirements. 
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TABLE2 

Allowances for Casting Tolerance 

Size Casting Tolerance 

Inches Inches 

3-8 0.05 

10-12 0.06 

14-42 O.D7 

48 0.08 

54-o-1 0.09 

The lowest critical buckling pressure (P ciJ corresponds to the smaJlest ti fDM value 
with no support from surrounding soil structure. The smallest value of tifDM for 
domestically manufactured Ductile Iron pipe corresponds to 64-incb Pressure Class 150 (see 
Table 1 ). To calculate the critical buckling pressure for this size Ductile Iron pipe exposed 
to the atmosphere, apply Equation 1: 

where: 
E 
y 
ti DM 

= 
= 
= 
= 

24 X 106 psi 
0.28 
0.56 - .09 = 0.47 inch (from Tables 1 & 2) 
65.67 - 0.47 = 65.20 (from Table 1) 

[ 0.47 ]
3 

= 19.5lpsi 65.20 

Therefore, 64-inch Pressure Class 150 Ductile Iron pipe exposed to the atmosphere 
and subjected to 10 psi internal vacuum would have a safety factor of approximately 2.0 
(S, = 19•51 = 1.95) against failure due to buckling. Higher pressure rated 64-inch diameter 10 pipe as well as all smaller diameter Ductile Iron pipe would have an even higher safety 
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factor. For example, 24-inch diameter pressure Class 200 Ductile Iron pipe would have a 

critical buckUng pressure (P ciJ of 54.95 psi, giving it a safety factor of 5.5 against failure due 

to buckUng when exposed to the atmosphere and subjected to 10 psi internal vacuum. The 

stiffness and buckling resistance of all sizes of Ductile Iron pipe with minimum wall 

thicknesses are significantly greater than that of flexible pipe of other materials. Table 3 

shows the lowest critical buckling pressure of pressure class Ductile Iron pipe when exposed 

to the atmosphere or liquid media (worst case). 

Size 
in. 
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TABI.E3 

Minimum Critical Buckling Pressure of Ductile Iron Pipe 
Exposed to the Atmosphere or Liquid Media (worst case) 

Pressure Class 

150 200 250 300 350 

Critical Buckling Pressure (psi) 

- - - - 7,838.36 

- - - - 4,280.70 

- - - - 1,385.37 

- - - - 601.12 

- - - - 321.74 

- - - - 253.60 

- - 140.37 185.16 210.79 

- - 125.19 161.33 203.95 

- - 100.78 144.16 179.19 

- - 94.20 131.26 160.79 

- 54.95 84.81 113.28 147.59 

32.09 48.75 70.43 90.40 122.52 

28.30 40.86 61.23 81.76 113.36 

23.77 38.87 55.53 76.43 107.82 

22.30 34.74 51.16 72.13 98.24 

20.68 32.97 49.39 70.58 97.18 

20.75 32.12 47.08 69.22 93.58 

19.51 31.38 47.33 68.00 90.46 
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Bucklin� of Buried Ductile Iron Pipe 
Ulrich Luscher studied the case of thin, cylindrical tubes surrounded by a concentric ring 
of soil and found that the surrounding soil tremendously increases the buckling resistance 
of a flexible tube over that of an unsupported tube.4 He found that the modulus of elastic 
support provided by the soil is mathematically equivalent to the modulus of resistance of the 
soil cylinder to uniform pressure applied at the inner boundary. Luscher also found that 
elastic buckling occurs when the uniform applied pressure on the outside of the soil ring 
exceeds a critical value (the critical buckling pressure, P cR) expressed as: 

where: 
PcR = 
E = 
I = 

DM = 
Es = 
B = 

B = 

where: 
h = 

1/2 

32EIBEs 

D
3 

M 

(Eq.2) 

Critical buckling pressure (psi) 
Modulus of elasticity of the pipe material (24 x 106 psi for Ductile Iron) 
Moment of inertia of the pipe per inch (in.4/in.) 
Mean diameter of the pipe (in.) 
Soil modulus of elasticity (psi) 
Coefficient of elastic support: 

1.3 + 0.52 [ DM ]
2 

DM + 2h

Depth of cover (inch) 
Glascock proposed substituting the modulus of soil reaction (E') for Es in Luscher's 

equation and, in order to make predictions agree with results of soil box and buried vacuum 
tests, proposed modification of B as follows:5
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0.015 + 0.041 [ ;J for O :s h :s 5--

B' 
DM

= 

0.150 + 0.014 [ ;J for 5 :s h :s80 
DM

Standard laying conditions and conservative E' values for Ducti]e Iron pipe from 
ANSI/AWWA C150/A21.50 are given in Table 4. 

Laying 
Conditionst 

Type ltf 

Type 2 

Type 3 

Type 4 

Type5 

TABLE4 

Standard Pipe Laying Conditions 

Description 

Flat-bottom trench.t t t Loose backfill. 

Flat-bottom trench. Backfill lightly 
consolidated to centerline of pipe. 

Pipe bedded in 4-in. minimum loose 
soil.tttt Backfill lightly consolidated to 
top of pipe. 

Pipe bedded in sand, gravel, or crushed 
stone to depth of1A pipe diameter, 4-in. 
minimum. Backfill compacted to top of 
pipe. (Approx. 80 percent Standard 
Proctor, AASHfO T-99-ttttt 

Pipe bedded to its centerline in 
compacted granular material, 4-in. 
minimum under pipe. Compacted 
granular or select tttt material to top of 
pipe. (Approx. 90 percent Standard 
Proctor, AASHfO T-99.ttttt

E' 
psi 

150 

300 

400 

500 

700 

Bedding 
Angle � Kx 

degrees 

30 0.235 0.108 

45 0.210 0.105 

60 0.189 0.103 

90 0.157 0.096 

150 0.128 0.085 

t Sec Figure 1. 
t t For pipe 14-inch and larger, consideration should be given to the use of laying conditions other 

than Type 1. 
ttt Flat-bottom is defined as "undisturbed earth." 
tttt Loose soil or select material is defined as "native soil excavated from the trench, free of rocks, foreign 

material, and frozen earth." 
ttttt AASHfO T-99, "Moisture Density Relations of Soils Using a 5.5 pound Rammer 12-inch Drop." 
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In order to reduce E' when the pipeline was submerged, Glascock also introduced 

a groundwater buoyancy reduction factor (Rw): 

where: 

hwRw == 1 - 0.33-
h 

� 
h 

= 

= 
Height of groundwater above pipe (inch) 

Depth of cover (inch) 

Glascock and Cagle later reanalyzed the buckling tests based on new data on much 

larger pipes and concluded that B' may be more a function of soil depth (h) than of the 

depth-to-diameter ratio and revised 8 1 
as follows:6

where: 

where: 

B' == 

H 

1 
1 + 4e- 0.065H

= Depth of cover (feet) 

Therefore, the critical buckling pressure (P c.J for buried pipe becomes:

E 

1/2 
32 �EI B1 £1

(Eq.3) 
D3 

M 

= 

= 

where: 

� 
h 
= 

Critical buckling pressure (psi) 

Water buoyancy factor 

= 

= 

Height of ground water above pipe (inch) 

Depth of cover (inch) 

Modulus of elasticity of the pipe material (24 x 106 psi for

Ductile Iron pipe) 

8 
8



In order to reduce E' when the pipeline was submerged, Glascock also introduced 

a groundwater buoyancy reduction factor (Rw): 

where: 

hwRw == 1 - 0.33-
h 

� 
h 

= 

= 
Height of groundwater above pipe (inch) 

Depth of cover (inch) 

Glascock and Cagle later reanalyzed the buckling tests based on new data on much 

larger pipes and concluded that B' may be more a function of soil depth (h) than of the 

depth-to-diameter ratio and revised 8 1 
as follows:6

where: 

where: 

B' == 

H 

1 
1 + 4e- 0.065H

= Depth of cover (feet) 

Therefore, the critical buckling pressure (P c.J for buried pipe becomes: 

E 

1/2 
32 �EI B1 £1

(Eq.3) 
D3 

M 

= 

= 

where: 

� 
h 
= 

Critical buckling pressure (psi) 

Water buoyancy factor 

= 

= 

Height of ground water above pipe (inch) 

Depth of cover (inch) 

Modulus of elasticity of the pipe material (24 x 106 psi for 

Ductile Iron pipe) 

8 
9



10



sf 
Example: 

= 

= 
Height of groundwater above pipe (ft) 
Safety factor (normally 2) 

A 36-inch diameter Pressure Class 150 Ductile Iron pipeline is to be installed with 
4 feet of cover and a Type 3 laying condition. The pipeline could be subjected to as much 
as 10 psi internal vacuum and a water table 2 feet above the pipe. Using a design safety 
factor of 2, check for collapse due to buckling. What is the actual safety factor against this 
type of failure? 

Using Eq. 4: 

I I tl PCR = 8,000 Rv, B E [ 
D

J 

R,. • 1 _ 0.33 [ � J

=1 - 0.33 [ :] 

= 0.835 

B' = ___ l __ 
1 + 4e-0.065H

=-----

1 + 4e-0.065(4)

= 0.245 

3 
]
1/2 

-�I = 400 psi (From Table 4) 

t1 = 

= 

= 

Nominal thickness - casting tolerance (from Tables 1 & 2) 
0.38 - 0.07 
0.31 inch 
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Ductile Iron Pipe Research Association

An association of quality producers

dedicated to the highest pipe standards

through a program of continuing research

and service to water and wastewater

professionals.

P.O. Box 19306 

Birmingham, AL 35219 

205.402.8700 Tel 

www.dipra.org 

Member Companies

AMERICAN Ductile Iron Pipe

P.O. Box 2727

Birmingham, Alabama 35202-2727

www.american-usa.com 

Canada Pipe Company, Ltd.

55 Frid St. Unit #1

Hamilton, Ontario L8P 4M3 Canada

www.canadapipe.com

McWane Ductile

P.O. Box 6001

Coshocton, Ohio 43812-6001

www.mcwaneductile.com

U.S. Pipe

Two Chase Corporate Drive

Suite 200

Birmingham, Alabama 35244

www.uspipe.com
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