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Abstract: Large infrastructure project always involves complex structures and construction sequences which need to be built 
within the project schedule. With a view of faster construction approach, many times execution team takes flexibility which 
violates the basic soil-structure interaction phenomena thereby posing risk on the structure especially during construction. 
Though temporary sometimes, such failures incur huge cost for corrective actions and sometimes schedule delay. Present 
paper shares some recent experiences where lack of understanding of geotechnical processes leads to failure. At the same 
time, they are lessons for the Engineers who usually designs the structures for routine in-service conditions. This paper 
documents recent experiences with deep excavations, buried pipeline structures, large reservoir and containment structures. 
Dewatering and excavations are key construction sequence for deep excavations and failing to understand the under seepage 
conditions, may leads to catastrophic failure which may impose human causalities. Buried pipeline projects are critical 
project elements and parallel trench excavation along the pipeline can result partial or full release of side supports thereby 
inducing the failure due to large crown displacements. The side slopes of large reservoirs may be stable for stability point 
of view. However, selection of other elements like protection tiling above geosynthetic lining may experience distress. 
Dykes or embankment resting on pervious foundation is more critical and failing to recognize it sometimes may invite huge 
maintenance and repairing costs. Lessons learned from these cases shall help Engineers to proactively consider such 
situations in order to prevent such failures in large infrastructure projects.    

1 INTRODUCTION 

The correct understanding of the anticipated loading 
conditions during entire life cycle of structure (during 
construction and in service conditions) is an important 
aspect of designing large industrial structures. The 
structures designed for loading considering in-service 
conditions may experience distress during construction 
conditions and small mistake during the construction 
can stall project execution and incur heavy cost and 
schedule impact. Present paper shares recent experience 
highlighting some of the failures observed especially 
during construction phase, thereby emphasising need to 
understand the whole life cycle from construction to in-
service for designing the structures in better way. It also 
highlights the need for understanding the soil-structure 
interaction failing to which project may experience cost 
and schedule overrun.  

2 DEEP EXCAVATIONS AND 
UNDERGROUND STRUCTURES 

The scale pit (46.05m X 19.6m) was planned with 
bottom of base raft located at -24 m from ground level. 
The site area is fairly levelled having average elevation 
of + 5m above mean sea level. The strata comprises 
essentially of silty fine to medium sand with an average 
permeability of 10-4 m/sec up to explored depth of -25m. 
No bed rock or impervious layers has been encountered. 

The ground water table is about 1 to 1.5m below ground 
level. The construction of pit was done initially by 
sinking and grabbing method just like construction of 
well foundation. After well lowered up to specified 
depth, execution team has planned to carry out 
underwater concreting to plug its bottom and pumped 
500 m3 concrete in the well using tremie without 
dewatering. After putting underwater concrete, 
verification by divers and sufficient waiting period of 
strength gain, the site team started dewatering from 
inside the well using direct pumping assuming that 
bottom is plugged. Direct removal of water within the 
scale pit created gradient between the outside ground 
water level (at 1.5 to 2 m below natural ground level) 
and water level within the scale pit. This resulted in large 
uplift water pressure at the base raft which subsequently 
blown up entire unreinforced base raft. Along with 
seepage within the pit, large quantity of silt and fine sand 
have entered inside the scale pit from the bottom of the 
pit thereby causing subsidence close to the pit (see 
Figure 1). Due to excessive seepage into the pit from 
bottom along with silt and sand has resulted settlement 
of structures in the vicinity and the commissioning of 
the other structure was temporarily stalled. The 
construction of the scale pit was delayed as without 
plugging the bottom other operations cannot be started. 
All these consequences severely affect the project 
progress of surrounding structures.  
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It was decided to dewater in very controlled manner 
using 9 nos of 20BHP pumps installed in the outer 
periphery of pit from the depth of 30 to 35m. The peak 
discharge of all the pump together is about 150 m3/hour. 
Settlement of the structures were monitored by 
installing 10 points on the entire piled raft by survey 
instruments to counter any alarming situations. 
 

 
Fig. 1 Collapsed portion of ground around scale pit 

 
Dewatering through all the wells were continued till the 
completion of the construction of the bottom raft along 
with some other beams to take the uplift pressure (see 
Figure 2). It took more than 6 month to restore the 
construction of the scale pit and commissioning of the 
surrounding structure experience Later backfilling of the 
wells were carried out using gravels and sand. As the 
water table is located at -2m from ground level, the 
grouting was also suggested for the concrete joints. For 
more detailed information on the issue and restoration, 
readers are requested to refer Shukla et al. (2009) 

Fig. 2 Scale pit after restoring the base raft 
 
In another project instance, a pump house requires to be 
installed very close to perennial river in Bangladesh. 
The river is only 50 m away from the facility area. The 
subsoil conditions are silty fine sand to clayey silt. 
Excavation need to be carried out up to (-) 22 m from 

the natural ground level and contractor decided to go for 
open excavation to place the bottom raft of the pump 
house. The area partially excavated using open 
excavation and when the seepage water could not be 
controlled, contractor went ahead with sheet pile 
enclosure surrounded by bamboo wall. However, the 
water level in the river was rising as monsoon is 
approaching very fast. Site started dewatering from the 
pit in exigency of completing the excavation.  
 

 
Fig. 3 Collapsed and slide of the side earthen 
embankment toward the deep excavation.  

 
Few days later, in the night, one side of the system gave 
up and under the action of toe collapse, entire excavation 
on one side was collapsed and water rushed in the pit all 
of the sudden. It was fortunate that incident occurred in 
the night and no human workforce present in the pit 
which somehow prevented causality. Later, the entire 
installation has to stop for almost 8 months and when 
water level recedes in the river, the restoration took 
place. It was clear indication that in exigency, the 
dewatering started from the inside actually triggered the 
seepage and toe failure.  

3 BURIED PIPE STRUCTURES 

Considering the amount of water to be circulated for 
large power plant units, the diameter of cooling water 
pipe was selected 3840 mm (149.5 inch) for one of the 
supercritical power project installations.  These pipes, 
designed to operate at a normal pressure of 5 bar, were 
buried with 1.5 m earth cover without any encasement 
to facilitate faster site construction. Also, the 
construction time span of such pipes were as high as 2 
to 3 years and during this period, the empty pipes were 
exposed to different seasons and construction loadings. 
Since, these pipes were laid at almost same time, the 
operating conditions varied based on need for different 
units i.e. may not be operating at the same time. The 
excavation for placing four (4) numbers of CW Pipes 
was commenced from May 2011 onwards. Placing of 
cooling water pipe line was commenced from July 2011 
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and completed by January 15, 2012. It was reported that 
supply and return pipes were remain empty up to July 
14, 2013. Hydro test of supply line commenced from 
July 14, 2013. On early hours of July 24, 2013, a severe 
soil subsidence at return line along with heave was 
reported to take place catastrophically. Figure 4 and 
Figure 5 illustrates the observed failure for the pipeline 
stretch. It was informed that a 4.5 m wide parallel trench 
was excavated along the pipeline stretch in order to 
construct a boundary wall between the pipeline and 
switchyard. Excavation of trench was commenced in 
October 2012 (by some other contractor). The pipe 
along with the soil above collapsed downwards locally 
and was continued for about 150 meters on either side. 
The excavation for boundary wall was carried out upto 
a depth up to center-line of pipe. The excavation was 
filled with storm water as well. On further inspection of 
pipeline from inside, it was observed that the maximum 
down ward deflection of the pipe was about 2.0m at 
failed segment. It  was  informed  that  the downward 
deflection is local across the cross section of the pipe 
and mostly restricted  to  top  portion  of  the  pipe  only 
thereby indicating ‘snap through failure’ of pipes.  The 
balance portion of the cross section has retained the 
circularity more or less.  It was also informed that the 
bottom of pipe has not undergone any significant 
deflection. 
 

Fig. 4. Collapsed area of buried pipe apx 150m of 
pipe along wall was collapsed 

 
Shukla et al. (2016) carried out detailed analysis to 
investigate the failure causes and it was recommended 
that due to parallel trench excavation along the pipe 
installations, created differential soil support conditions 
which are required for supporting mechanism of large 
diameter buried flexible pipes. The entire 150 m stretch 
of the pipeline was replaced by new pipe installations. 
Significant cost overrun was experienced and project 
was delayed since CW pipe is key element for process 
cycle and without it power plant operation cannot 

commence. Readers are requested to refer Shukla et al. 
(2016) for more detailed analysis and greater insight of 
actual problem.  

  
Fig. 5 photographs of inside of the pipe; snap through 
failure is visible 

 
In another instance, the empty pipes were laid and due 
to some construction requirements, the top earth cover 
(soil above pipe) were excavated temporarily. However, 
flooding due to sudden storm flooded the excavated 
portion and laid pipe experienced the hydrostatic uplift 
due to this temporary flooding. However, due to 
insufficient earth cover over pipe, pipes got uplifted in 
some section, see Figure 6. This instance indicates the 
power of hydrostatic uplift as it could bend and uplift 
3.8 m dia steel pipe (with 24mm wall thickness). The 
incident caused damaged to already laid pipes in a 
segment which later require to be replaced. The project 
though do not experience schedule delay, but suffer 
heavy cost for rectification and replacement of the pipe 
segment. 
 

Fig. 6 Buried pipe experienced distress due to 
floatation  

4 CONTAINMENT STRUCTURES  
(reservoir and dykes)  

In most of the industrial developments, containment 
structures are very routine to store water i.e. raw water 
reservoir or waste materials i.e. ash ponds. For such 
facilities, generally HDPE or LDPE linings are used to 
provide impervious barrier. These geosynthetic linings 
are further specified to be protected using precast tiles 
or brick laid over geosynthetic. While slope stability 
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studies are performed for almost all such facilities, 
‘Veneer Stability’ of such protection lining laid over 
smooth geosynthetic are seldom performed. In order to 
save the parcel of land used for the embankment 
formation, the steep side slopes are decided based on the 
slope stability studies and tiling or protection lining 
resting on steep slopes usually fail under ‘Veneer’ 
sliding, see Figure 7. Additionally, on high slopes, 
absence of anchorage of laid geosynthetic at stages, 
creates additional problem. Any movement of laid 
geosynthetic open up the joints in the tiles which 
subsequently triggers veneer sliding.  
 

Fig. 7 Sliding of thin protection tiles over smooth 
geosynthetic laid over steep slopes.  

 
In another instance, the designer fail to recognize the 
permeability of founding stratum and dyke was resting 
on comparatively pervious stratum. It leads to seepage 
which emerged out beyond the toe of dyke eroding ash 
particles from the dyke body, see Figure 8. The remedial 
measures are even costlier and plant operation was 
under pressure as the containment premises cannot be 
used unless the restoration takes place.  
 

5 OTHER ISSUES 

It is important for a designer to recognize the interaction 
effect envisaged by adjacent structure and failing to 
which can create troublesome situations. In one of such 
situation is illustrated in the Figure 9. The stacker 
reclaimer foundation was designed considering the pile 
foundation at certain spacing. However, designer failed 
to realize that adjacent area will be used for stacking iron 
ore and rapid filling of iron ore can exert lateral earth 
pressure against the reclaimer foundation. The ore stack 
height is 19 m and during the first filling, the entire area 
stack yard was filled in one go. As shown in the Figure 
9 and Figure 10, the top soil (clay soil) was slide 
outwards and exert the reclaimer foundation and other 
utilities running parallel.  
 

 
Fig. 8 Seepage of ash beyond the toe of embankment 
as dyke is resting on pervious stratum 

 
Though the reclaimer foundation was built over mass 
concrete resting on pile foundations, the pressure was in 
significant intensity which could lift the utilities i.e. Fire 
pipes, drains etc. which got uplifted. This was arrested 
by immediately removing the iron ore stack load and 
then ground was improved using discrete stone columns 
in order to present any sliding induced pressure on the 
structures adjacent to the stock yard. It is also observed 
that the exerted pressure was such huge that it has 
misaligned the reclaimer foundation at few places. It 
also demonstrated that piles on which reclaimer 
foundations are resting can be subjected to significant 
lateral loading (across the crane movement) and 
designer must consider such scenarios while designing 
the foundation close to such stock yards.  
 

 
Fig. 9 Lateral sliding of soil due to rapid filling of 
iron ore slock 
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Fig. 10 Closure look of lateral sliding against the 
reclaimer foundations. 

 
It is very helpful to build the 3d model in the design 
office and check the relevant interference with the 
adjacent structure. This are more relevant to the 
underground utilities and structures and more important 
when the agencies constructing the structures are 
different. In one of such plant constructions, designer 
failed to understand the actual construction sequence 
and planned a deep sitting pipeline adjacent to the 
planned pipe rack stretch. The interference was checked 
in the model for actual relative positions of the two 
structures i.e. pipeline and pipe rack foundations and 
gave clearance that structures are interfence free and can 
go ahead for construction. Since the deeper structures 
shall be constructed first, the an agency was mobilized 
to lay pipe lines.  
 

 
Fig. 11 The pipeline laying and backfilling relative to 
the pipe rack foundation 

 

For buried structures, backfilling is seldom of any 
significance. The pipe was laid in a very narrow trench 
and after laying of pipe, the area was backfilled with the 
excavated soil. However, the compaction was not proper 
and it was loose dumping of soil over the laid pipeline 
see Figure 11. Later the pipe rack foundations were laid 
assuming that the foundations are resting on the virgin 
soil and concrete was placed for many foundation units. 
The backfilled mass got settled subsequent to rain 
induced flooding in the area. The foundations 
experience severe tilting and settlements for almost all 
the pipe rack foundations see Figure 12. It was fortunate 
that only foundation raft was cast and raising he 
columns/ pedestals were not in place. Later these 
foundations were recommended to be abandoned and 
new pipe rack route was decided away from the 
excavation footprint of the trench.  
 

 
Fig. 12 Tilted foundations of pipe rack.  

 

6 RECOMMENDATIONS 

There may be many factors contributing to a failure. 
However, most common is ignorance and lack of overall 
vision of the system a whole. For example, while 
excavating and dewatering, in the exigency to finish the 
work or to see the bottom of raft, the interaction effects 
are somewhere missed which leads to a catastrophic 
event. Once experienced the failure or distress, the 
remedial measures are even more cost inviting and 
stalling the project which was experienced in few of the 
cases, had even subsequently resulted schedule delay. In 
case of buried piles, it was never thought that some kind 
of parallel trench along with intense rain can create 
problem of uneven side support distribution which 
further resulted in the failure. Had it been envisaged, 
designer may restrict the affecting construction 
boundary along the pipe which would save cost and 
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time. However, such interactions and failures are never 
conventional and these are the lessons learned in hard 
way. While designing the side slopes for the reservoir 
and containment structures, designer primarily focus on 
the side slopes considering slope stability as primary 
verification. However, steep side slopes, which may be 
stable for slope stability, may not be suitable for other 
construction elements like liners followed by protection 
tiles. In most of the cases veneers stability assessments 
are ignored which results mostly in the maintenance cost 
throughout the life cycle of the reservoir and 
containment structures. 
 
 Following key lessons can be attributed from the 
observed failures  
 For deep excavation and dewatering activities, 

correct assessment of earth pressures and toe 
stability are equally important. While grabbing 
from underwater, dewatering conditions and 
supporting arrangement shall be verified as it may 
trigger catastrophic situations. 

 It is recommended to dewater from the outside of 
the excavation geometry if possible and careful 
monitoring at every stage will be helpful in 
avoiding any unforeseen failures.  

 For buried pipes, imposed loading conditions 
require pipe analysis to be performed for different 
site conditions, operation conditions and scenario of 
operations. Parallel trench excavation along the 
pipeline is special conditions and execution team 
shall share all such relevant situations during the 
execution so that such damage to the already in 
place elements can be avoided. 

 The construction sequence of buried pipes are long 
enough, so as not to ignore hydrostatic uplift due to 
floatation. It shall be verified in agreement with 
construction sequence i.e. absence of sufficient 
earth cushion and pipe running empty. If required, 
additional stabilizing elements may be included in 
the system design. 

 The ‘veneer stability’ of the liner protection 
elements is very important and must not be ignored. 
While following standard specifications, 
engineering performance shall be addressed first. 

 Dyke resting on the pervious ground is unsafe 
condition and must not be ignored. If possible 
sufficient measures shall be taken during project 
inception as remedial measure can invite 
considerable cost and schedule overruns. 

 The structures adjacent to the stockpile can be 
subjected to later pressure due to rapid and 
uncontrolled filling of stock pile especially of iron 
ore (having high unit weight). The subsoil receiving 
the stock shall be strong enough to prevent any 
lateral spreading and sliding and shall be improved 

if required to safeguard the surrounding structures 
i.e. reclaimer foundations. 

 Excavation footprint of deep buried structures and 
pipelines must be considered while planning the 
structures around the buried elements. The trench 
excavations and backfilling is very important 
construction sequence and shall be addressed very 
carefully. The tilting and settlement may create 
situations where constructed structures need to be 
abandoned thereby increasing national wastage of 
manpower and construction materials.  

References 

Shukla, J. C., Patel, K. M., Subbarao, N., Srinivas, K., and 
Shah, D. L. (2009) ‘Construction of underground scale 
pit at Essar steel – Hazira- dewatering and 
consequences’, Indian Geotechnical Conference, paper 
80. 

Shukla, J.C., Chokshi, J. and. Singhavi, A. (2016) 
‘Behavior of Large Diameter Buried Pipes- a case 
study of parallel trench excavation’ ASCE Geochicago 
2016, pp. 462-474. 

 
 


