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Abstract – Heap establishments are liked in the field where the dirt conditions are unsatisfactory for 
shallow establishment and the bearing limit of the dirt is deficient. Heaps are long, thin, and vertical or 
somewhat inclining segment structures built to lie underneath the ground level. Various constructions like 
tall structures, transmission towers, engineered overpasses, lowered pipelines, coasting structures, 
securing frameworks, and tall smokestacks are regularly exposed to toppling minutes because of wave, 
wind, and boat sway. A sort of rubbing to be specific, skin grinding is created alongside the dirt heap 
interface which balances the inspire powers. Under these conditions, the actuated upsetting minutes 
are sent to the establishment as pressure on certain heaps and inspire on others. Heap establishments 
have been created to satisfy the developing interest for establishment designs to withstand pressure, 
sidelong, and elevate obstruction. In establishment frameworks, single and gathering of vertical heaps, 
helical anchor heaps, belled heaps, and docks are regularly utilized. Among these, single and gathering 
of vertical heaps are most broadly utilized in the development field. Heaps ought to be planned and built 
so that their inspire opposition is satisfactory to withstand against cataclysmic event impacts. No 
standard plan outlines or qualities are accessible for inspire coefficient to appraise the elevate limit of 
heap. Subsequently, the elevate conduct of heap has been examined and the inspire boundaries of heap 
have been resolved through this examination into three stages. 
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INTRODUCTION 

Heap establishments are liked in certain structural 
designing building locales where the dirt conditions are 
inadmissible for shallow establishment and the bearing 
limit of the dirt is insufficient. Heaps give the upside of 
bypassing the feeble layers of soil having low bearing 
limit, and are frequently utilized to communicate 
vertical descending burden to more grounded, firmer, 
soil layers lying at more prominent profundities. Heaps 
are long, slim, and vertical or somewhat inclining 
section structures developed to lie underneath the 
ground level. Erosion heaps are generally utilized in 
the development fields, when a hard layer doesn't 
exist at a sensible profundity. Various constructions, 
for example, transmission towers, lowered pipelines, 
engineered overpasses, drifting seaward stages, 
securing frameworks for sea surfaces, and tall stacks 
are commonly exposed to toppling minutes because of 
wave, wind, and boat sway. Heaps are additionally 
utilized in the development of establishments exposed 
to elevate powers. A sort of grinding, specifically, skin 
erosion (Figure 1.1) is created along the dirt heap 
interface which checks the elevate powers. Under 
these conditions, the instigated upsetting minutes are 
communicated to the establishment as pressure on 
certain heaps and inspire or strain on others (Figures 
1.2 and 1.3). 

 

Figure 1.1 Pile under uplift load 
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Figure 1.2 Multistoried building under uplift load 

 

Figure 1.3 Transmission tower under uplift load 

For solidness, the elevate load should be opposed by 
the establishment structures. In the course of recent 
many years, heap establishments have been created 
to satisfy the developing interest for establishment 
construction to withstand elevate obstruction. In 
establishment frameworks, single and gathering of 
vertical heaps, helical anchor heaps, pull anchor 
heaps, belled heaps, and docks are usually utilized. 
Among these, single and gathering of vertical heaps 
are most generally utilized in the development field. 
Heaps ought to be planned and built so that their 
inspire obstruction is satisfactory to withstand against 
cataclysmic event (for instance, seismic) impacts. Led 
enormous scope field tests and limited scope research 
center tests on secures for seaward stages, securing 
frameworks, tall chimney stacks, and engineered 
overpasses. 

SOIL – PILE INTERACTION 

It is difficult to visualize the interaction between soil 
and pile. The soil-pile interaction is an essential 
function of pile material, embedment length, diameter 
of pile, friction angle, pile surface characteristics, 
method of installation of pile, type of load, and 
properties of soil such as compactness, and relative 
density of soil. In the present research, experimental 
and theoretical investigations have been carried out to 
study the behaviour of piles subjected to uplift forces. 
Uplift resistance and axial load displacements of pile 
have been determined. The parameters arrived from 
this study can be applied in the design of pile under 
varying conditions of load to get results with greater 
accuracy in an economic manner in the background 
of normal working conditions. 

LITERATURE REVIEW 

Das et al. (2012) introduced lab test consequences 
of unpleasant heaps in dry sand exposed to pullout 
loads. The free, medium thick and thick sand 
conditions were reenacted to lead pullout load tests 
with different insertion proportions. The breadth and 
length of heap were 25.4 mm and 600 mm 
individually. A tank of size 610 mm x 460 mm x 760 
mm was utilized in this investigation. The model 
heap was prepositioned and the sand was poured 
around the heap and compacted to a necessary 
thickness up to the ideal installation profundity. It 
was seen that the inspire unit skin grinding 
expanded directly with expansion in insertion length 
to profundity proportion of the heap. The į/ø 
expanded with expansion in relative thickness of 
sand; for exceptionally free sand į was 0.4ø and for 
thick sand it was equivalent to ø.  

Ismael (2013) led full-scale field tests on short 
heaps in sand to examine the conduct of 
establishment medium under pressure and strain 
loads. Dock establishment of 1200 mm breadth and 
6.4 m profound was built to play out the pressure 
and strain tests. The middle and response docks 
were tried under pressure and strain loads. Before 
this test, limited scope research center tests were 
acted in free and thick medium silica sand. The trial 
arrangement comprised of profound balance of 100 
mm breadth and 510 mm length. Tests were done 
to comprehend the conduct of establishment under 
pressure and strain loads and the model research 
center test outcomes were contrasted and the full-
scale model test outcomes. Hub inspire load was 
applied on the dock at an addition of 45 kN and 
proceeded until the wharf fizzled. Each heap 
increase stage was kept up for a time of at least 10 
minutes. The most extreme removal was 76 mm 
when the dock fizzled. The normal skin erosion 
obstruction was estimated from the field tests at 
each phase of burden increase during strain test. It 
was noticed that the skin contact was like that of the 
pressure test and the normal skin rubbing was 49 
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kN/m2 . The elevate coefficient (Ku) esteem was 
figured as 1.6 under pressure load.  

Das (2014) broadened research on the model of Das 
et al. (1977) on extreme inspire limit of heap. Relative 
thickness of soil assumed a significant part in the 
assurance of basic implant profundity. A conditional 
methodology was set up for assessing the elevate limit 
of heap. In this investigation, harsh surface completed 
heap with 25.4 mm breadth was utilized; L/D 
proportion was considered from 4 to 24. The unit skin 
grating was discovered to be expanding directly up to 
a basic implant proportion of 14, past that it stayed 
pretty much steady.  

The American Petroleum Institute (API) (2015) 
suggested the upsides of elevate coefficient for open 
finished and shut finished heap as 0.8 and 1.0 
separately. As indicated by the API rules, the skin 
frictional obstruction of heap might be more than or 
equivalent to the elevate limit of heap. The skin 
frictional opposition is determined dependent on the 
width of heap, length of heap, soil-heap erosion point, 
and elevate coefficient.  

Levacher and Sieffert (2016) completed research 
center examinations to break down the inspire 
opposition and skin frictional obstruction of heap in 
sand. Model heaps of 35 mm external breadth and 
900 mm installation length heap were delivered; some 
of them were introduced as exhausted heaps and 
others as driven heaps. The researchers announced 
that the sand thickness and establishment strategy 
assumed huge parts on elevate burden and skin 
grinding. The coefficient of earth pressure was in the 
scope of 2 to 3 for all instances of heap and all 
techniques for establishment. The impact of molecule 
size was additionally thought to be in this examination. 
The elevate load was figured as 0.05 to 0.11 
occasions the width of heap for exhausted heaps, 0.08 
to 0.11 occasions the measurement of heap for vibro-
driving heaps, and 0.07 to 0.14 occasions the breadth 
of heap for driven heaps.  

Subba Rao and Venkatesh (2017) directed research 
facility tests on elevate limit of short heap in uniform 
sand. Gentle steel pipes were utilized in the 
advancement of heaps of 12.7 mm width with smooth 
and unpleasant surface completions. The model 
heaps were tried in dry and lowered conditions under 
elevate loads. Length to breadth proportions of 10, 15, 
and 20 were received. A model wooden tank of size 
300 mm x 215 mm x 480 mm was manufactured to do 
the test. The sand was filled the tank step by step and 
the heap was pushed gradually into the sand bed up 
to an ideal installation profundity. The inspire test was 
directed following a time of an hour. It was seen that 
the inspire limit expanded with expansion in L/D 
proportion, relative thickness of sand, and surface 
harshness of heap. The heap relocation was resolved 
for heaps with smooth and unpleasant surfaces and 
discovered to be 0.03D to 0.06D in free sand and 
0.08D to 0.12D in thick sand. The heap uprooting in 
lowered condition was in the scope of 0.05D to 0.08D. 

It was shown that the uprooting of heap generally 
relied upon unit weight of soil and didn't rely upon 
molecule size and surface unpleasantness of the 
heap. The inspire coefficient was determined 
considering the dirt heap erosion point of sand, 
establishment technique, L/D proportion of heap, and 
surface qualities of heap. In this investigation the dirt 
heap grinding point was expected as 3/fourth of inside 
grating point (ø) for smooth surface heaps and for 
unpleasant surface heap it was taken as same as the 
inward contact point. For smooth surface heap, the 
elevate coefficient for dry free and medium sand went 
from 1.15 to 2.87 and 3.73 to 4.42 separately and for 
harsh surface heap it went from 0.81 to 2.51 for free 
sand and 4.53 to 5.2 for thick sand condition. It was 
induced that an expansion in L/D proportion created a 
lessening in the elevate co-productive directly and the 
co-effective of inspire expanded as the outside of the 
heap become harsh. 

OBJECTIVES 

1. To study the load displacement behavior of 
single vertical pile under controlled 
conditions of uplift loads in sand. 

2. To examine the effect of varying 
embedment length (L) to diameter (D) 
ratios of pile in sand with different densities 
and surface characteristics, subjected to 
uplift loads. 

RESEARCH METHODOLOGY 

The examination procedure was outlined dependent 
on the information acquired from writing considers. 
Literary works on trial examinations just as 
mathematical investigations on heap conduct were 
concentrated to foster an exploration philosophy 
including tests and numerical demonstrating to 
understand the inspire limit of heap in sand. The 
proposed research technique comprise of writing 
study, issue distinguishing proof, choice of 
materials, creation of model heaps, trial 
arrangement, testing system, investigation of test 
results, mathematical examination, and discoveries 
from the exploration. The strategy which is 
continued in the current exploration is clarified 
through a stream outline as demonstrated in Figure 
1.4. 
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EXPERIMENTAL SETUP 

In the present research an uplift load test model was 
designed and fabricated with great care to estimate 
the uplift load accurately. The experimental test 
apparatus is shown in Figure 3.2 and the components 
of the experimental setup are explained in the 
following sections. 

Model Testing Chamber 

A model steel cubical tank of 450 mm x 450 mm x 450 
mm was fabricated and used to perform the uplift 
tests. The dimensions of the tank were emulated from 
the works of pioneer researchers like Kishida (1963), 
Shankar et al. (2007), Meyerhof (1973), and Krishna & 
Patra (2006) who took the zone of influence of pile as 
a basis for designing the tank. It was reckoned that the 
zone of influence was equal to 3 to 8 times the pile 
diameter. Furthermore, the size of the tank should 
provide sufficient space so that the influencing area of 
failure surface of the pile will not interact with the wall / 
bottom of the tank. The schematic of experimental 
setup and model testing tank along with the loading 
arrangements are shown in Figures 1.5 and 1.6. 

 

Figure 1.5 Experimental setup 

 

Figure 1.6 Model testing chamber with loading 
arrangement 

RESULTS AND DISCUSSION 

Test tests were led in the research facility on model 
heaps to consider the heap removal conduct of 
heap under inspire load in establishment media of 
various relative densities. The upsides of elevate 
load and pivotal removal were plotted and the 
charts were examined. The impacts of L/D 
proportion and thickness of soil on heap conduct 
were researched. The elevate coefficient and skin 
frictional obstruction of heap were resolved from the 
trial results. In this section, the heap removal 
conduct of heap as far as L/D proportion, thickness 
of the dirt medium, and elevate limit heap is 
examined. 

LOAD DISPLACEMENT BEHAVIOUR OF 
PILE 

The elevate limit and relating hub uprooting of heap 
were assessed in free, medium thick and thick sand 
conditions for various proportions of insertion length 
to distance across of heap. The outcomes are 
introduced and talked about. The static inspire load 
tests were led on heaps according to the strategy 
suggested by IS 2911 (Part 4) – 1985 and the 
equivalent is likewise depicted thus. Prior to 
applying the heap, the underlying perusing in the 
dial measures is noted down. The static elevate 
load was applied in a few augmentations by adding 
loads through a stacking plan as demonstrated in 
Figure 3.5. For every augmentation of stacking the 
heap head development was estimated. At the point 
when the pace of removal of heap is unimportant, 
the following burden can be added on the stacking 
container and the cycle proceeded till the heap 
fizzles. The elevate limits of heap and hub 
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dislodging for smooth and unpleasant surface heaps 
are introduced for an ordinary heap in the Table 1.1. 

Table 1.1 Uplift capacity of pile for D12-RD14.87-
L100-SP 

 

CONCLUSIONS 

Based on the experimental and numerical 
investigations on the uplift capacity of pile in sand, the 
major conclusions are drawn and recapitulated as 
below: 

1. The inspire limit of heap increments 
fundamentally with expansion in the L/D 
proportion of the heap for both the instances 
of smooth surface heap and harsh surface 
heap under elevate load.  

2. The elevate load increments with an 
increment in the surface unpleasantness of 
heap inferable from the solid servitude 
between the dirt and heap surface and the 
improvement of skin grinding.  

3. For any worth of installation length of heap, 
the inspire limit increments proportionately 
with expansion in the overall thickness of sand 
for the two surfaces of heap. It is seen that the 
overall thickness of sand has critical impact on 
the elevate limit of heap.  

4. For a similar implant length of heap, the 
elevate limit of heap increments with 
expansion in the distance across of heap. It is 
likewise recognized that the heap width has 
critical impact on the elevate limit of heap. 
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