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FIG. l--Uplift action in buried pipelines." (a) effects of  a floatation force 
and (b) overbend thrust caused by thermal or pressure effects. 

between the flat end surfaces of the pipe and the stainless steel 
sides of the test facility was to ensure that no frictional tractions 
would develop at the ends of the pipe. In order to prevent the soil 
becoming lodged in this gap region, the plane end of the pipe and 
the test tank are fitted with layers of soft foam rubber. The pipe 
section is connected to a moving horizontal frame by two threaded 
rods (Fig. 2). The movement of the horizontal loading platform 
induces an upward pipe movement in a controlled and uniform 
fashion. 

The loading platform is confined to move in a vertical direction 
by two roller bearings that exert virtually no frictional resistance. 
The controlled movement of the loading platform is achieved by an 
electrically driven motor-mechanical actuator combination. The 
rate of movement of the actuator is controlled by a variable power 
input. The loading devices are mounted on a reaction frame that is 
anchored to the base of the laboratory floor and the sides of the 
tank. A general view of the experimental arrangement is shown in 
Fig. 2. The uplift loads that are applied to the pipeline section are 
measured via a load cell, which is located between the actuator ram 
and the moving platform. The displacements of the moving plat- 
form are monitored by two LVDTs, which are located at its ex- 
treme ends. The load cell readings and the LVDT readings are 
monitored via a Hewlett Packard (HP) 3421A Data Acquisition 
System, and the data are recorded on a HP 9836 desk top com- 

puter. The software is written in such a way that the load-displace- 
ment behavior of the pipeline section can be monitored as the ex- 
periment progresses. 

Experimental Procedure 

The sand used in the experimental Dj0 19.68sand ngs deseThe caus 
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plication of an axial uplift load. The loading rods were left uncon- 
nected throughou t the compaction of the granular soil in the test 
tank. Once the soil layer was compacted to the desired depth the 
loading rods were connected to the loading platform. By maintain- 
ing the loose connection between the loading platform and the con- 
necting rods it was possible to ensure that there was no preload 
accumulated in the system during the compaction procedure, and 
there was no premature failure of the soil as a result of any over 
compaction. 

The second group of experiments incorporated the geogrid rein- 
forcement. The procedure for the installation of the pipeline with 
geogrid reinforcement can be summarized in the following man- 
ner. The soil layer was initially compacted to a depth of approxi- 
mately 500 mm. This compacted sand was partially excavated to 
form the trenches to receive the pipe section and the geogrid. The 
geometry of the trenches were organized in such a way that in its 
final position the geogrid would have a development length of ap- 
proximately 350 mm, and it would be inclined at approximately 
45 ° to the axis of loading. The pipe section was placed at the cen- 
tral ridge (Fig. 3), and the geogrid was placed over the crown level 
of the pipe section. 

In the subsequent compaction procedure the soil is first com- 
pacted within the trench sections. Uniform layers of soil are subse- 
quently placed and compacted using exactly the same procedures 
as outlined previously. Again 
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concept it can be shown that [16] the ultimate load capacity of the 
pipe section for the unreinforced case can be expressed in the form 

P"='yDdLI1  + D K  1 d , tan (1) 

where d is the diameter of the pipe section, D is the depth of 
embedment, L is the length of the pipe section, "t is the bulk unit 
weight, and K. is an earth pressure coefficient (Fig. 4 of Ref 16). 

Ladanyi and Hoyaux ]17] have presented a solution of the "trap- 
door" problem related to a granular medium, which can be uti- 
lized to estimate the ultimate load capacity of the buried pipe sec- 
tion. The limiting uplift load for the embedded pipe section can be 
written as 

( °  ) P. =,yDdL 1 + 2dsin2~b (2) 

Das and Seeley [18] have proposed an alternative expression 
for estimating the uplift capacity of horizontal anchor plates 
embedded in granular soils. The experimentally based result for 
the uplift limit load can be written as 

P,, =-yDdL --ffK, tanO 2 m - i f +  1 ~- + I + 1 (3) 

where the factor m is defined in Table II of Ref 16. For the pipeline 
problem examined in the paper where D = 600 ram; d = 150 mm; 
L = 880 mm; 7 = 17.5 kN/m3; th = 40 ° , Eqs 1, 2, and 3, give 
ultimate limit loads of 5.84, 4.13, and 4.63 kN, respectively. The 
corresponding experimental value for the average ultimate limit 
load is approximately 5.1 kN. 

When considering the effect of the geogrid reinforcement, a 
complete analysis should take into account the rather complex me- 
chanical interactions that take place in the vicinity of the pipe sec- 
tion. These include the deformability characteristics of the rein- 
forcement, failure of the soil mass, separation at the soil-pipe 
interface, and so forth. As a first approximation, the additional 
limiting resistance generated by the geogrid reinforcement can be 
calculated by examining the limiting equilibrium situation where 
complete failure at the soii-geogrid interface is generated. For this 
purpose we assume that the in-situ stress rate in the soil is given by 
ol = "yz; 03 = KoTz = (1 -- sin O)Tz where z is the depth of the 
point of interest from the ground surface. Evaluating the limiting 
resistance mobilized by the geogrid reinforcement it can be shown 
that the additional uplift resistance generated by the geogrid takes 
the form 

Pr = vL(H 2 -- D02)[2 -- sin 0(1 -- cos 2c0] tan 8 (4) 

where H is the depth at which the geogrid is terminated, Do is the 
depth to the underside of the pipe, c~ is the inclination of the geo- 
grid (Fig. 3), and 8 is the effective angle of friction for reinforce- 
ment pull out. In order to evaluate Eq 4 it is necessary to determine 
the effective angle of friction 5. As has been observed by Ingold 
[19], Jewell et al. [20], and others, the effective friction angle is 
highly dependent on the normal stresses that act on the failure 
plane. Particularly at low normal stress levels (<  20 kN/m 2) the 
dilatancy effects should be taken into consideration in the evalua- 

tion of (5. This can lead to ~ being greater than the angle of internal 
friction ~ for the soil. As the normal stress on the reinforcement 
plane increases, the effective angle of friction 5 approaches ~. The 
result (Eq 4) also assumes that the frictional resistance in the geo- 
grid is mobilized only in the soil region below the lower level of the 
pipe section. This will account for the loss of confinement in the 
soil adjacent to the pipe section during its movement. Furthermore 
it is assumed that the self weight stresses normal to the geogrid 
remain unaltered during the movement of the pipe section. In gen- 
eral, it may be noted that the processes that govern the generation 
of anchoring action in the geogrid are quite complex; the result 
Eq 4 is a highly simplified treatment of the limiting equilibrium 
situation. In the experimental investigation we have H 1000 
mm; Do = 0.75; c~ : 45 °, and ~ : 40 °. As a conservative esti- 
mate, the effective friction angle for the geogrid pull-out is taken to 
be equal to the friction angle of the soil (that is, 8 = ~). Consider- 
ing these values we obtain Pr ----- 7.74 kN. This value of the ultimate 
uplift resistance generated by the geogrid has to be added to the 
resistance generated by the pipe to obtain the total uplift resistance 
for  the case of the geogrid reinforced pipeline section. It may be 
noted that concomitant failure does not occur in the two systems 
(soil-pipe interaction and soil-geogrid 



is subjected to uplift loads. The results of the preliminary experi- 
ments conducted to date suggest the following: 
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