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Effect of Circular Cavity on Maximum Equivalent Stress and 
Stress Intensity Factor at a Crack in Buried Pipeline 

Ouk Sub Lee* and Seon Soon Choi** 
(Received July 4, 1998) 

The effects of  cavities on maximum equivalent stresses of buried pipelines are investigated in 
terms of two factors such as size and location of the underground cavities by using a finite 
element code. It has been found that the cavities affect maximum equivalent stresses of buried 

pipeline significantly in case that the diameters of cavities are larger than that of  the pipeline. 

The variation of  the stress intensity factors for a crack existing on the buried pipeline nearby 

cavities is also studied. The mode II stress intensity factor, KH, for a tilt crack located at the top 
portion of a buried pipeline is found to be influenced significantly regardless of  the location of 

the underground cavities. 
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1. Introduct ion 

The possibility of  leakage for the buried pipe- 
line transporting gas and/or oil is high during its 

life time because of  various defects and material 
degradation caused by manufacturing and envi- 

ronmental conditions(Lee, 1997). Furthermore 
the loading conditions such as the internal pres- 
sure and the external applied load with deteriora- 
tion behaviors of the pipeline would influence its 

efficiency and life significantly(Burichau and 
Deconinck, 1994). The failure accidents on such 
pipelines especially initiated by leakage bring not 
only economic losses, but also serious disasters 
which usually take human lives. Therefore, it is 

urgently needed to develop the methodology to 
prevent and/or predict such accidents in advance 
to ensure the safety and reliability of the pipeline 
(Fu and Kirkwood, 1992, Mohammadi et al, 

1985). 
In cases of the pipeline installed on the ground, 

we are able to detect a leak to prevent disastrous 

accidents because of  its easy accessibility. Futher- 
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more it is relatively easy to perform periodic 
inspections for checking the reliability and integ- 
rity of the ground system. However, it seems to be 

difficult to locate defect area of the buried pipe- 
lines accurately even though many detection tech- 

nologies have emerged. Furthermore, we also 
need to develop a methodology that estimates a 
survival life and safety margin of the buried 
pipeline under operation. The systematic investi- 
gation is, thus, required for the prediction and 
prevention against catastrophic disasters (Coates, 

1995, Ellyin, 1985). 
The technical researches on pipelines of oil 

refineries, chemical plants and nuclear energy 
have been carried out by many investigators (Lee, 
1997). However, it is hardly to find technical 

results in domestic for the underground pipelines 
except the investigations by the Refs. (Lee and 
Choi, 1998a, 1998b, KOGAS, 1997a, 1997b, 
1996a, 1996b). Moreover, the topics of researches 

are limited to simple design problem of pipeline 

structure and analysis of thermal stress. 
We need, thus, to investigate the effects of 

mechanical and chemical interactions between 

buried structures in detail. Especially, in the case 
of buried pipelines under internal pressure load- 
ing conditions, the defects of pipelines may affect 
in deterioration of the pipelines significantly. 
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Hence, the buried pipelines under internal pres- 

sure must be constructed after in-depth studies 

regarding the effects of cavities existing under the 

ground. 

In this paper, the effects of  cavities on maxi- 

mum equivalent stresses of buried pipeline are 

investigated in terms of two factors such as size 

and location of cavities. The effects of cavities on 

the stress intensity factors for a crack existing in 

buried pipeline are also studied by using a finite 

element code. 

2. Analysis Methods 

The effects of cavities on buried pipeline with 

internal pressure are analyzed by using a finite 

element package, ANSYS 5.3. The finite element 

model for the analysis is shown in Figs. 1 (a) and 

l(b). 
The buried pipeline has a diameter of  406.4mm, 

a wall thickness of 10mm and an internal pressure 

of 7.84MPa. The center of  pipeline is at a depth 1. 

016m from the free surface. The external load, e. 

g. a vehicle load of  294.2kN is assumed to be 

vertically applied to the pipeline as shown in Fig. 

1 (a). As a simple example to appreciate the effect 

of cavities on the buried pipelines, two cavities 

are assumed to be located at equal distance and 

depth from the pipeline. 

The maximum equivalent stress of buried pipe- 

line is estimated for various locations of cavities. 

Dc/Dp of 0.5, 1.0 and 2.0 are taken for the analy- 

sis, where Dc is the cavity diameter and Do the 

pipeline diameter. The backfill material as well as 

the subgrade around it are assumed to behave 

elastically since the available data are limited. 

Those properties are shown in Table 1. 

2.1 M a x i m u m  equivalent  s t re s s  eva luat ion  

The principal stresses(0.1, 0"2, 0"3) at the finited 
elements in the buried pipeline are obtained by 

solving the cubic Eq. (1). 

0.x-- do dxy ~Txz 

CTxy dy--  fro dye 

0.xz dyz 0.z-- (7o 

=o  (1) 

Fig. 1 

Fig. 1 

(a) A finite element model for the analysis 
of cavity's effect on maximum equiva- 
lent stress of pipeline. 

(b) The detailed configuration of finite 
mesh configuration at A. 

where, go=pr inc ipa l  stress (3 values) 

The von Mises or equivalent stress 0.~qv, which 

may be an applicable design parameter for the 

buried pipelines, is evaluated for each finite ele- 

ment as 

Table 1 Properties of materials (refer to Fig. 1) 
(KOGAS. 1997a) 

Materials Sand 
"--- Pipeline I ASCON Subgrade 

Property " ~  -backfill 

Elastic Modulus, 
207000 I 10000 100 86 

E(MPa) 

Poisson's ratio, u 0.36 I 0.35 0.35 0.35 

Mass density, 7860 12400 2080 1800 
p(kg/m 8) 

Yield stress(MPa) 448 I - 
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1 a,,~=~(a,-a~)~+(,=-,~)~+(m-a,)~} (2) 

The maximum O'~qv for all finite elemenents are 
used to make comparison between the boundary 
conditions such as the location of cavities. 

2.2 Stress  in tens i ty  factor eva luat ion  

The displacement field near a crack under the 
mixed loading conditions for linear elastic mate- 
rials are represented as. 

N~ r-  0 30 
u = T~-G ~2~(x ( 2 x -  1) cos~--cos-~ - ) 

K , , ~ - (  n ~ ~0_) 4G (2x+3)si +sin +O(r) (3) 

_ K~ / 7 {  (2x-1)s iaO-s in-~  0-) 

4GKn ~ ( ( 2 x + 3 ) c ~ 1 7 6  3s~-O2 )+O(r) (4) 

where, 
u, v----displacements in a local Cartesian coor- 
dinate system shown in Fig. 2 (a). 
r0=coord ina tes  in a local polar coordinate 
system shown in Fig. 2(a).  
G---shear modulus, E / ( 2 ( I +  v)) .  
E=longi tud ina l  elastic modulus. 
KI, Ki~=stress intensity factors relating to 
deformation shapes shown in Fig. 2(b).  
x=3--4u, (plain strain). 

3 - v  (plane stress). x =q i? 
= Poisson's ratio 

O ( r )  =- higher order terms of r. 
Evaluating Eqs. (3) and (4) at 0----+180~ and 

dropping the higher order terms, we get 

= K H  / ~ - r  (1 
u 2GV 2z~ " + x )  (5) 

K,  l+x) (6) 
v =  2G g 2zr ' 

At a nodal point of  a finite element near the 
crack tip location, we can obtain the stress inten- 

sity factors, Kz and Kn by calculating the dis- 
placements, /xu  and /xv shown in Fig. 2 (1992, 
Lee and Cho) as follows, 

l C I vl + x  ~ -  ( 7 )  

l c IA I +x  ~ -  (8) 

3. Results  and Discuss ions  

3.1 Cavity  located below pipeline 

The effects of cavities on maximum equivalent 
stresses of buried pipeline are shown in Figs�9 3 ~ 8  
for various locations of cavities. 

Figures 3 ~ 5  show the effects of cavity size. 
When the diameter of  cavity is 1/2 times of that of 
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(Do/Dp = 1.0) 
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Fig. 7 Effect of cavity's location on a,q~. 
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the pipeline, the effect of  cavity location is negli- 

gible as shown in Fig. 3. But, in cases of  DJDp of 
1.0 and 2.0, the effects are found to be large as 

noted in Figs. 4 and 5 where De and Dp are the 
diameters of cavity and pipeline, respectively. 

The effects of cavity locations are shown in 

Figs. 6 ~ 8 .  The effects of  horizontal distances 
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Fig. 10 Effect of cavity's size on deqv. 
(Dr/Do= 1.0) 

between cavities and pipeline are found to be 
larger than those caused from vertical depths. The 

influential ranges of  cavity locations are about 3 

times of" Dp in horizontal distance and 2 times of 
that in vertical depth, for Dc is larger than Dp. 
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3.2 Cavity located above pipeline 
In case of cavity located above the pipeline, the 

effects of cavities are shown in Figs. 9~12.  

Figures 9 and 10 also show the effects of cavity 

Fig. 11 

p 5 v ~  
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size on maximum equivalent stresses in buried 

pipeline for various locations of cavities. 

When Do is 1/2 that of Dp, the effects of cavity 

location are negligible as indicated in Fig. 9. 

However, the effects of cavity location are found 

to be significant as noted in Fig. 10, when Dc is 

the same as Dp. Especially, when the horizontal 

distances between cavities and pipeline are smal- 

ler than 3 times the magnitude of Dp, the fluctua- 

tion of maximum equivalent stresses is big. 

In Figs. 1 I and 12, when the cavities are located 

at the same depth as the pipeline elevation, the 

effects of cavities on maximum equivalent stresses 

are negligible. In case of cavities located above 

pipeline, the influential ranges of cavity location 

are about 3 times of Dp in horizontal distance, but 

negligible in vertical depth. 

3.3 Tilt crack locating at the top inner 
surface on a buried pipeline 

Figs. 14 and 15 show the effects of cavity depth 

on the stress intensity factors, K~ and K .  for a 

part-through tilt crack as shown in Fig. 13. 

In cases of cavities located at the same depth as 

pipeline, the effects of cavities on K~ are found to 

be small due to the small interactive force 

between cavities and pipeline as shown in Fig. 14. 

Fig. 15 shows the ratio of KI/KH of the pipeline 

with a tilt crack corresponding to various depths 

of cavities. In this case, the values of K .  are found 

to be considerably larger than those of K~. The 

ratio of K~/Kn is tbund to be the smallest, when 

. ~ ,  ? ~ ~ i  ~' ~:~ ~ ~ .  

(a) The configuration near tilt crack. (b) The detailed configuration of tilt crack tip at A. 

Fig. 13 Configuration of a part-through tilt crack located at the top inner surihce of pipeline. 
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the cavities are located a t  t h e  same depth as for 

the pipeline. These results are also shown in Fig. 14. 

3.4 S ide  crack inside o f  a buried pipel ine 

In case o f  the pipel ine with a part-through side 
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crack such as Fig. 16, the effects of  cavity depth�9 

on Kx and Ku are shown in Figs. 1 7 ~ 2 0 .  

In case o f  cavities located in the same depth as 

the pipeline,  the effects of  cavities on stress inten- 

sity factor, K~ are found to be the smallest as 

shown in Fig. 17. These results are similar to 
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(a) The configuration near side crack. (b) The detailed configuration of side crack tip at B. 

Fig. 16 Configuration of" a part-.-through side crack located at the side inner surface of pipeline. 
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those for the case of  a tilt crack. But, in other 

locations of cavities, the effects of cavities on 

stress intensity factor are found to be large. Fig. 

18 shows the ratio of K~/KH of pipeline with a 

side crack corresponding to various depths of 

cavities. In this case, the values of KH are consid- 

erably smaller than those of Kv The ratio of K l /  

KH is found to be the smallest, when the cavities 

are located at the same elevation as pipeline. In 

Fig. 19, the variation of K~ is small, when the 

cavities are far away from the pipeline, while it is 

large as the cavities are located nearby to the 

pipeline. That is because opening mode is largely 

affected by the cavities. Figure 20 shows that the 

effects of cavity location on K,~ are large, when 

the cavities are located within about 3 times of Dp 

in horizontal distance. On the contrary, the effects 

of cavity location on Kn are decreased, when the 

cavity are far away from the pipeline. This is 

because the effects of interactive forces between 

the cavities and the pipeline are reduced. 

4 .  C o n c l u s i o n s  

The conclusions drawn from the finite element 

analyses for the effects of circular cavities on 

maximum equivalent stresses and stress intensity 

factor of buried pipeline are as follows: 

(1) The size effects of cavities on maximum 

equivalent stresses of buried pipeline are found to 

be small, when Dc is smaller than Dp. In case of 

the larger cavities than pipeline diameter, the 

effects of  cavities located below the pipeline are 

found to be larger than those of  located above the 

pipeline. 

(2) The location effects of cavities at the same 

depth as the pipeline on maximum equivalent 

stresses are negligible. In case of the cavities 

below pipeline, the influential ranges of cavity 

location are about 3 times of  Dp in horizontal 

distance and 2 times of that in vertical depth. 

(3) When the cavities are located at the same 

depth as the pipeline, the effects of cavities on 

stress intensity factor are found to be the smallest. 

(4) The effects of cavities on KH for a tilt crack 

are found to be large. But, in case of a side crack, 

the effects of cavities on KI are shown to be large. 
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