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The present study aims to examine the effects of the number of stories on the dynamic 

behavior of pile group foundations in multi-story buildings. Experimental tests were 

conducted using a shaking table on a small-scale building model with 4, 6, 8, and 10 

stories. These models were designed and fabricated with a consistent weight and a scale 

ratio of 1:20. The multi-story buildings rest on 3×3 pile groups with an L/D ratio of 16, 

and are situated within sandy soil exhibiting a relative density of 70%. The shaking table 

simulated the effects of the Kobe earthquake with a peak acceleration value of 0.82g. The 

results showed that the vertical displacement (both peak and residual) increases 

significantly as the number of stories increases. Specifically, when the number of stories 

increases from 4 to 6, the peak displacement increases by a factor of 3. As the number of 

stories is increased further to 8 and 10, the peak displacement increases by a factor of 1.9 

and 5, respectively. In terms of residual displacement, increasing the number of stories 

from 4 to 6, 8, and 10 results in an increase by a factor of 17, 5.5, and 33, respectively. 

These results suggest that even though the weight is constant across all buildings, 

increasing the number of stories leads to greater building height and flexibility, resulting 

in increased seismic displacement. Therefore, it is imperative that pile groups are 

designed to accommodate this augmented movement to maintain foundational stability 

and ensure structural safety. 
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1. INTRODUCTION

In recent years, the rapid growth of urban development has 

led to a significant increase in the construction of multi-story 

buildings worldwide, including in Iraq. Many of these 

structures are built on soft or sandy soils, which require the use 

of pile foundations to safely transfer superstructure loads to 

deeper, more stable soil layers. Understanding the behavior of 

pile foundations under seismic loading conditions is crucial to 

ensuring the safety and serviceability of such structures. 

1.1 Pile foundation behavior in sandy soils 

Pile foundations serve a critical role in providing stability to 

structures built on weak or loose soil conditions, such as sand. 

Under static and dynamic loads, pile groups interact with 

surrounding soils in complex ways that affect both vertical and 

lateral displacements. Numerous studies have employed 

empirical, semi-empirical, and analytical methods to 

investigate the dynamic behavior of pile groups in sandy soils, 

especially under seismic loads. 

1.2 Influence of number of stories on pile-soil interaction 

The number of stories in a structure significantly influences 

the behavior of pile foundations, primarily due to variations in 

structural mass and stiffness. An increase in building height 

generally results in greater inertial forces during seismic 

events, thereby altering both lateral and vertical responses of 

the pile groups. 

For example, Boulanger et al. [1] conducted seismic 

interaction experiments focusing on the impact of axial loads 

on pile foundations. They observed that in mid-rise buildings, 

lateral response increased by approximately 30% due to 

resonance effects, while taller structures exhibited greater 

settlements. Similarly, Xu et al. [2] analyzed the seismic 

response of buildings with 3, 6, and 9 stories supported by pile 

groups in dense sand. Their findings indicated that taller 

structures exhibited 35% more lateral displacement compared 

to shorter ones, primarily due to increased inertial forces. 

Thapa and Karki [3] investigated buildings ranging from 4 to 

12 stories and found a 30% increase in vertical settlement in 

taller structures, with shorter buildings experiencing reduced 

lateral displacements. 

Further, Mohasseb et al. [4] studied the seismic interactions 

between piles and soil for high-rise buildings situated on dense 

sand. Their results suggested that increasing the number of 

stories led to a 30% rise in axial forces, which somewhat 

stabilized lateral movement but contributed to higher 

settlements. The work of Singh and Tiwary [5] confirmed that 
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taller buildings exert higher lateral and axial loads on pile 

groups, resulting in increased soil resistance and vertical 

deformation. Using a combination of numerical simulations 

and experimental data, they emphasized the importance of 

considering natural frequency and pile-soil interaction in 

seismic performance assessments. 

Moreover, Meena et al. [6] reported a noticeable rise in 

vertical settlement as building height increased, linking this to 

the growing mass imposed on pile groups. They also noted a 

corresponding reduction in lateral displacements for shorter 

structures. Finally, Wang and Zhang [7] explored dynamic 

interactions between pile groups embedded in dense sand and 

multi-story buildings under seismic loads, finding that taller 

structures experienced up to 40% greater vertical settlement 

compared to mid-rise buildings due to elevated inertial forces. 

 

1.3 Seismic response of pile groups for mid-to-high-rise 

structures 
 

Although previous studies have provided valuable insights 

into the seismic behavior of pile groups supporting structures 

with varying heights, most have concentrated on either low-

rise or high-rise buildings (typically ranging from 3 to 12 

stories). However, there is a lack of focused experimental 

research specifically investigating mid-to-high-rise buildings 

in the 4 to 10-story range under seismic conditions, 

particularly in dense sandy soils. Additionally, limited 

attention has been given to evaluating how dead loads and 

increasing mass affect the pile group response during seismic 

excitation. 

 

1.4 Research gap and objective 
 

In light of the existing literature, there remains a gap in 

understanding the seismic performance of pile groups 

supporting multi-story buildings, specifically within the 4 to 

10-story range, under both vertical (settlement) and lateral 

displacements in dense sandy soils.  

Therefore, this study aims to address this gap by presenting 

experimental investigations on the seismic response of pile 

groups supporting buildings of varying heights (4, 6, 8, and 10 

stories) but with equal total weight. The results focus on 

evaluating both vertical and lateral displacements, 

contributing to a better understanding of pile-soil-structure 

interaction in mid-to-high-rise buildings under seismic loading. 

 

 

2. EXPERIMENTAL SETUP AND TESTING 
 

2.1 Small model-multi-story buildings 

 

To conduct the investigation described earlier, it is essential 

to first design and construct small-scale multi-story buildings. 

Four small-scale multi-story structures, comprising 4, 6, 8, and 

10 stories, each with identical mass, were fabricated based on 

a model proposed by Khoshnoudian and Kiani [8]. Each story 

was designed as a single bay frame oriented in both directions, 

allowing for an accurate representation of slender structures. 

The original span width and story height of the prototype were 

set at 4 meters and 3 meters, respectively. Consequently, the 

dimensions of the laboratory model buildings (length, width, 

and height) were proportionally scaled down using a 1:20 scale 

factor. The beams and columns were fabricated from square 

steel hollow sections (19.05×200×19.05) mm and 

(19.05×19.05×150) mm, with a thickness of 1.5 mm. Steel 

plates of varying thicknesses but with constant dimensions of 

(200×200) mm served as panels for each building model. Each 

building was designed to have equal mass across its stories, 

and the total weight was fixed for all multi-story models for 

easy comparison of building height. Figure 1 illustrates the 

four multi-story structures utilized in this study. 

 

 
 

Figure 1. The geometrical properties of the multi-story 

structures utilized in this study 

 

2.2 Pile group description 

 

In this investigation, the piles employed are made from 

aluminum pipe tubes, a material frequently chosen for 

experimental testing in similar types of tests, as noted by 

studies [9, 10]. These piles consist of closed-end aluminum 

tubes, characterized by circular cross sections, with an external 

diameter (D) of 16mm and a wall thickness of 1.5mm. The 

ratio of embedding length to diameter is established at L/D = 

16. The configuration of the pile group consists of a 3×3 

arrangement, spaced apart by 7D, which aligns with 

recommendations from study [11]. In this study, a high-

strength steel plate serves as the pile cap for the group, as 

illustrated in Figure 2. 

 

 
(a) Top view                       (b) Front view 

 

Figure 2. Pile cap details 

 

2.3 Soil used and preparation method 

 

In this investigation, the sandy soil underwent a 

comprehensive process of cleaning and drying before 

undergoing testing. The characteristics of the sandy soils 

examined are detailed in Table 1. The soil was meticulously 

placed within the laminar soil box utilizing a raining technique 

method to attain a relative density of 70% as illustrated in 

Figure 3. 
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Table 1. Physical and mechanical properties of the soil used 

 

Soil Property Value Standard of Test 

Relative Density, Dr 

(%) 
70 - 

Max. Unit Weight, 

γmax (kN/m3) 
18.47 

ASTM D 4253 

(2000) 

Min. Unit Weight, 

γmin (kN/m3) 
15.96 

ASTM D 4254 

(2000) 

Dry Unit Weight, γd 

(kN/m3) 
17.63 - 

Water Content, Wc 

(%) 
19 

ASTM D2216 

(2010) 

Specific Gravity, Gs 2.64 ASTM D854 (2014) 

Sand, % 98.4 - 

Fine Content, % 1.6  

Effective Size, D10 

(mm) 
0.16 

ASTM D422 (2007) 

Mean Size, D30 (mm) 0.26 

Mean Size, D60 (mm) 0.42 

Coefficient of 

Uniformity, Cu 
2.63 

Coefficient of 

Curvature, Cc 
1.01 

Soil Colour 
Yellow (Pale 

yellow) 

ASTM D2487 

(2010) 

Particle Shape 

Sub-rounded 

to sub-

angular with 

low 

sphericity to 

high 

sphericity 

 

Soil Colour 
Yellow (Pale 

yellow) 
 

Friction Angle, Ø 39° ASTM D4767 

(2011) Cohesion, c (kN/m2) 0 

 

 
 

Figure 3. The correlation between relative density and fall 

height 

 

2.4 Laminar soil box description 

 

The laminar soil box (container) has been designed to 

simulate the propagation of seismic waves through a particular 

soil layer. The square box of (800 mm×800 mm×850 mm) 

dimensions consists of 16 aluminum frames, each featuring a 

cross-section measuring 40×40 mm. These frames are securely 

joined through bolted connections, as depicted in Figure 4(a). 

Importantly, the design of these frames enables unidirectional 

movement while also being constructed to reduce boundary 

effects by facilitating relative motion among neighboring 

frames. The container's support structure is composed of 32 

ball bearing slides, each featuring a thickness of 12 mm. This 

design enables a sliding movement of up to ±150 mm between 

the individual slides, providing significant flexibility and ease 

of motion. 

 

2.5 Shaking table device 

 

The experimental study was carried out utilizing a single-

degree-of-freedom shaking table device attached to a data 

acquisition system (type sampling frequency), located at the 

University of Diyala [12]. This apparatus was specifically 

designed to replicate the Kobe earthquakes and is powered by 

a servo motor capable of achieving a maximum acceleration 

of 1.8 g while supporting a payload of 10 kN, and reaching 2g 

when unloaded. The device can generate input wave 

frequencies ranging from 0.1 Hz to 50 Hz. Figure 4 presents a 

description of the shaking table model used in this study. Table 

2 and Figure 5 present the data and temporal history of the 

Kobe Earthquake, respectively, that were input into the 

shaking table device. 

To measure both vertical and lateral displacements at the 

pile cap, three Linear Variable Differential Transformers 

(LVDTs) sensors were employed, as depicted in Figure 6. 

WVDT1 (denoted as L1) was tasked with capturing the lateral 

displacement at the pile cap, while LVDT2 (L2) recorded the 

vertical displacements on the side of the pile cap directly 

subjected to seismic loads. Additionally, LVDT3 (L3) was 

utilized to monitor the vertical displacements on the opposite 

side of the pile cap. Figure 6 presents a detailed diagram 

illustrating the testing system. 

 

 
(a) Details of the shaking table model and the laminar soil 

container 

 
(b) Details of the digital data acquisition system 

 

Figure 4. Description of the shaking table model 
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Table 2. Kobe earthquake data 

 
Kobe Earthquake Details 

Geographical Area Japan 

Recorded Date (in UTC) 
1995-01-16, 

(20:46:52) 

Magnitude (Mw) 6.9 

Duration of Tremors (seconds) 48 

Principal Acceleration Axis North-South 

Peak Ground Acceleration (g) 0.82 

Depth of Epicenter (km) 7.9 

Seismological Station ID KIMA 

Distance to Epicenter (km) 1 

Mercalli Intensity Scale 

Reading 
VII – Intensely Strong 

Source of Data www.strongmotion.org 

 

 
 

Figure 5. Time history of the Kobe earthquake that was 

inserted into the shaking table 

 

 
 

Figure 6. Test system diagram 

3. RESULT AND DISCUSSION 

 
In this part, the vertical and lateral displacement at the pile 

cap for the four multi-story buildings (4-story, 6-story, 8-story, 

and 10-story) has been represented. 

 
3.1 Vertical displacement at the pile cap 

 
Figure 7 demonstrates the relation between the vertical 

displacement measured at both sides of the pile cap and the 

time history for the (4-story, 6-story, 8-story, and 10-story) 

buildings.  

 

 
 

Figure 7. Multi-story vertical displacement of the pile cap 

Vs. time history for the multi-story buildings (4-story, 6-

story, 8-story, and 10-story) 

 
This figure indicates that taller buildings, specifically those 

with eight and ten stories, undergo considerably greater 

vertical displacements, with measurements reaching as much 

as 38 mm. In contrast, other buildings, consisting of four and 

six stories, demonstrate negligible deformation. In the early 

stages of a Kobe earthquake, there is a pronounced increase in 

vertical displacement, especially in taller buildings, as their 

increased height leads to a greater amplification of seismic 

forces. This vertical displacement tends to stabilize 

approximately at the 20-second mark for all types of buildings, 

suggesting that the system attains a state of equilibrium once 

the dynamic effects have subsided. In taller buildings, the 

initial fluctuations are more noticeable due to their increased 

receptivity to seismic vibrations as well as the internal stress’s 

redistribution. In contrast, shorter buildings exhibit lower and 

more stable displacements, showcasing a superior ability to 

withstand deformation caused by earthquakes.  

Figure 8 displays the relationship between the value of 

vertical displacements (residual and peak) recorded at both 

sides of the pile cap with the number of stories. It can be 

inferred that the vertical displacement for the four-story 

building demonstrates a nearly symmetrical pattern, with only 

a minor difference between the two sides of the pile cap. The 

peak vertical displacements for the pile cap are noted to be L3 

= 7.5 mm and L4 = 7.9 mm, indicating that the peak 

displacement at the cap side (L4) is 5.3% higher than the peak 

displacement on the opposite side (L3). Whereas the residual 

vertical displacements are recorded as L3 = 1.12 mm and L4 

= 1.4 mm, yielding a ratio of L4/L3 of approximately 125%. 

This ratio shows that L4 is 25% higher than L3, indicating 

slightly more vertical displacement on the side that is directly 
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exposed to seismic loads. Furthermore, these measurements 

indicate that the relatively low height of the building restricts 

the redistribution of seismic forces, resulting in a nearly 

uniform deformation across both pile cap sides. In addition, 

for the six-story building, the peak vertical displacements 

recorded at L3 = 20.1 mm increases to 20.9 mm at L4, which 

yields a ratio of rising approximately equal to 4%, yet the 

overall displacement remains relatively equitable, indicating 

that a moderate structural height induces only slight 

asymmetry in reaction to seismic forces. In the case of residual 

vertical displacement, the values were 18.64 mm at L3 and 

19.1 mm at L4, indicating a more balanced displacement, with 

only 2.5% higher displacement on L4. For the 8-story building, 

asymmetry becomes more noticeable, with peak displacement 

values of 13.9 at L3 and 8.7 at L4, indicating significantly 

higher displacement on L3 (60%) than L4 during the seismic 

events. In case of residual displacement recorded at L3 equal 

6.14mm decrease to 5.3mm at L4 with a ratio of reduction 

reaching 16%, showing larger deformation on the pile cap 

opposite side, probably due to effects of load distribution. The 

10-story building exhibits significant vertical displacement, 

with an equally L4/L3 ratio for peak and residual displacement 

reaching 6%, indicating noticeable settlement and asymmetry 

with L3 slightly higher than L4. According to these data, the 

vertical displacements (both peak and residual) in (4-story and 

6-story) buildings, recorded by L4, are generally bigger than 

L3. This variation can be attributed to the direct exposure to 

seismic forces. Conversely, in (8-story and 10-story) buildings, 

the values recorded by L3 surpass those of L4. This 

phenomenon may be attributed to the redistribution of forces 

and the asymmetrical responses encountered during soil-

structure interaction. An alternative explanation for this result 

is that energy dissipation mechanisms, including base rocking 

or sliding, may result in the opposite side (L3) absorbing a 

greater amount of deformation energy, subsequently leading 

to increased vertical displacement. These results seem to be 

consistent with those of the findings [13-15]. 

Another important finding is that the vertical displacement 

(both peak and residual) upsurges significantly as the number 

increases. This trend indicates that taller buildings experience 

greater loads and heightened seismic responses. For example, 

from 4 to 6 stories, the L4-peak displacement displays a 154% 

surge, rising from 7.9 mm to 20.1mm. However, from 6 to 8 

stories, a noticeable irregular trend is observed with a 140% 

reduction in L4-peak displacement, dropping from 20.9 mm to 

8.7 mm. A possible explanation for this might be that the 8-

story building presumably possesses a natural period of 

vibration that does not align with the predominant frequencies 

of the seismic excitation. Consequently, this phenomenon 

diminishes the dynamic forces' amplitude conveyed to the 

foundation system, leading to lower vertical displacements, 

and this agrees with studies [16-18]. Finally, from 8 to 10 

stories, the vertical displacement experiences an increase of 

306%, escalating from 8.7 mm to 35.3 mm. In summary, the 

overall trend demonstrates a significant rise in vertical 

displacement correlated with the increasing number of stories, 

with the exception of the irregularity noted at the 8-story 

building. The observed increase in vertical displacement with 

increasing number of stories would be attributed to that higher 

buildings possess extended natural periods, which can 

resonate or align with seismic frequencies. Thereby, enhance 

the inertial forces that are conveyed to the pile foundation. 

This phenomenon of resonance induces heightened 

deformation and stress in the underlying soil, which 

subsequently leads to an increase in vertical displacement of 

the pile cap. Furthermore, taller buildings experience higher 

overturning moments through seismic excitations, resulting in 

uneven load distribution that further exacerbates the issue of 

vertical displacement. While shorter buildings experience less 

vertical displacement during seismic events. This is attributed 

to a decrease in the dynamic amplification of seismic forces 

and a lower center of gravity. This effect leads to a reduction 

in overturning moments and fosters a more even distribution 

of stress across the building. These results are in agreement 

with those obtained by studies [19-21]. 

Another relevant result is the difference between peak and 

residual vertical displacement (in both L3 and L4). Peak 

displacements are consistently greater than residual 

displacements, signifying temporary deformation occurring 

during seismic excitations. The reduction in percentage from 

peak to residual displacements is notably more significant in 

shorter buildings than in taller buildings; for instance, the 

decline rate in the 4-story building varied between 560% at 

level L3 to 464% at L4, whereas it was only 1% for the 10-

story building. 

Several factors could explain this observation. Firstly, the 

peak vertical displacement observed is generally associated 

with the intensity and characteristics of the peak ground 

motion of the earthquake and the building's exposure to 

fleeting dynamic forces during seismic events that lead to 

momentary deformations, causing peak vertical displacements. 

These peak values signify the maximum response of the 

building-foundation system to seismic loading. Secondly 

relation between the height of the building and the 

mechanisms of energy dissipation, the differences between 

peak and residual displacements emerge from the dynamic 

effects affected by the height of the buildings. Shorter 

buildings experience bigger differences because of lower 

flexibility and fewer mechanisms of energy dissipation, 

producing heightened transient responses when subjected to 

seismic forces. Taller buildings show lower differences due to 

their ratio of height-to-mass and raised flexibility, allowing for 

better distribution and dissipation of dynamic energy, 

stabilizing displacements more efficaciously after peak 

displacement. These findings are in agreement with those 

obtained by studies [22-24]. 

 

 
 

Figure 8. Vertical displacement Vs. number of stories 

 

3.2 Lateral displacement at the pile cap 

 

The peak and residual value of lateral displacement 
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recorded at the pile cap of multi-story buildings have been 

illustrated in Figure 9. The trends presented in this figure 

reveal that the 8-story building exhibits the most significant 

peak lateral displacement, approximately 19mm, suggesting it 

resonates more intensely with the seismic activity. The 10-

story building demonstrates a peak displacement of 15.6mm, 

which is marginally lower than that of the 8-story building. In 

contrast, the 6-story building displays a moderate level of peak 

lateral displacement, approximately 13.5mm, while the 4-

story building records the least amount of peak displacement 

(11.7mm). Subsequent to the peak, the oscillations gradually 

diminish with time, ultimately stabilizing around a consistent 

baseline for all buildings. The 6-story structure achieves 

stability at a faster rate, whereas the 8-story and 10-story 

buildings require a more extended period to reach equilibrium. 

These findings suggest that the peak lateral displacement 

measured at the pile cap of a 6-story building is 15% greater 

than that of the 4-story building, while the lateral displacement 

of the 8-story building is 60% greater than that of the 4-story 

building. This represents the highest recorded displacement, 

indicating considerable amplification. Additionally, the lateral 

displacement of the 10-story structure is 33% greater than that 

of the 4-story building. Although the 10-story building is taller, 

it exhibits less displacement compared to the 8-story building, 

as presented in Figure 10. A possible explanation for this 

might be, the same total mass across differing story numbers 

indicates that longer buildings, such as those with 8-story and 

10-story, would exhibit a lower mass for each story in 

comparison to lower buildings, like those with 4 or 6 stories. 

This variation in mass distribution consequently influences the 

distribution of inertia forces experienced during seismic events. 

Taller buildings with smaller lower-story masses tend to 

experience reduced base shears for each floor; however, they 

may exhibit greater overall displacements. This phenomenon 

is attributed to their increased flexibility and reduced natural 

frequencies. This observation aligns with the previously noted 

trend, which ranks maximum lateral displacement from 

highest to lowest as follows: 8-story, 10-story, 6-story, and 4-

story. On the other hand, shorter buildings exhibit a greater 

mass per floor, resulting in a stiffer response to dynamic forces. 

This increased stiffness not only reduces maximum lateral 

displacement but also amplifies the inertial forces that are 

directed to the foundation. These results seem to be consistent 

with studies [25-27]. 

 

 
 

Figure 9. The lateral displacement of the pile cap Vs time 

history for the multi-story buildings (4-story, 6-story, 8-story, 

and 10-story) 

 
 

Figure 10. Lateral displacement Vs. number of stories 
 

If we now turn to the residual lateral displacement recorded 

at the pile cap, the 6-story building displays the utmost residual 

lateral displacement once the shaking stops, measuring 

approximately 3.6 mm. This is succeeded by the 4-story 

building, which records residual displacement of (0.56mm), 

whereas the 10-story and 8-story buildings display 

considerably lower residual displacements, ranging from 

approximately (0.003 to 0.45) mm. This means that the 

residual lateral displacement observed in the 6-story building 

is 640% greater compared to that of the 4-story building. In 

contrast, the residual lateral displacement in the 8-story 

building is minimal, estimated at around 0.55% of the 

displacement recorded for the 4-story building, suggesting that 

it incurs negligible movement. Meanwhile, the 10-story 

building exhibits a reduction in displacement, registering at 

73% of the displacement measured in the 4-story building. It 

is possible that these results are due to that the equal mass 

condition does not alter the observed residual lateral 

displacement trend (6-story > 4-story > 10-story > 8-story), as 

this performance is primarily determined by factors such as 

energy dissipation, structural flexibility, and soil-pile 

interaction rather than mass alone. In other words, residual 

displacements are influenced more significantly by the lateral 

stiffness and damping characteristics of the soil-pile-structure 

system, rather than the distribution of mass within the system. 

Taller buildings may display greater resonance due to 

increased flexibility, while shorter structures could endure 

higher forces concentrated at the pile cap because of their 

comparatively elevated story stiffness. These results are in 

agreement with those obtained by studies [28-30]. A non-

linear relationship exists between the number of stories and the 

maximum (peak) as well as the residual lateral displacements 

of the pile cap. Furthermore, the values of residual lateral 

displacement may not scale directly with the maximum lateral 

displacement values due to the mechanism of energy 

dissipation. Taller buildings with higher damping may show a 

greater gap between residual and peak lateral displacements, 

as they dissipate more energy dynamically. This phenomenon 

is attributable to their enhanced capability for dynamic energy 

dissipation. In contrast, medium-height buildings, which are 

more susceptible to resonance effects, often exhibit ratios of 

peak to final movements that are more closely aligned. This is 

a result of the continued amplification of displacements 

experienced in such structures. The residual lateral 

displacement observed in shorter buildings tends to 

approximate their maximum lateral displacement more 

closely, as these structures experience reduced inelastic 

deformation and soil-pile displacement attributable to their 

comparatively lower peak displacements. For instance, a four-
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story building shows a residual lateral displacement of 4.8% 

when compared to its peak displacement. This ratio rises to 

27% for a six-story building. In an eight-story facility, 

however, the residual lateral displacement is minimal relative 

to the peak, recorded at merely 0.02%. In contrast, a ten-story 

building reflects a higher residual displacement at 2.6%. This 

variation indicates that the residual lateral displacements are 

significantly influenced by factors such as the flexibility of the 

structure, its stiffness, and the interaction between the soil and 

pile, rather than being solely determined by the magnitude of 

the peak displacements. This finding was also reported by 

studies [31, 32]. 
 

 

4. CONCLUSION 
 

This research was conducted to examine the influence of the 

number of stories on the seismic response of pile group 

foundations installed in sandy soil, focusing on vertical and 

horizontal displacements, as well as the time period. The 

ensuing conclusions are derived from the analyses presented 

above: 

1- The vertical displacements at the pile cap show a 

significant increase with more stories. As the number of stories 

increased from four to six, eight, and ten stories, the maximum 

displacement escalates by factors of 3, 1.85, and 5, 

respectively, relative to the four-story structure. Similarly, the 

residual displacement also experiences an increase by factors 

of 17, 5.5, and 33, respectively, compared to the four-story 

building. 

2- The 8-story building exhibits a lesser increase in 

vertical displacement compared to the 6 and 10-story buildings.  

3- In the four-story building, the peak and residual 

vertical displacements at L4 are higher than those noted at L3 

by 14% and 25%, respectively, suggesting a marginally 

greater vertical displacement on the side exposed directly to 

seismic forces. Similarly, for the six-story building, the peak 

and residual vertical displacements at L4 surpass the readings 

at L3 by 14% and 25%, respectively. 

4- The reduction in percentage from peak to residual 

vertical displacements is notably more significant in shorter 

buildings than in taller buildings; for instance, the decline rate 

in the 4-story building varied between 560% at L3 to 464% at 

L4, whereas it was only 1% for the 10-story building. 

5- The 8-story building demonstrates the greatest lateral 

displacement, measuring 1.62 times that of the 4-story 

building. Conversely, the 10-story building exhibits reduced 

displacement, 1.33 times that of the 4-story building. The 6-

story building shows a displacement that is 1.15 times greater 

than that of the 4-story building. 
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NOMENCLATURE 

 

WVDT Wire LVDT  

L Embedded length of pile 

D Pile diameter 

S Spacing between piles 

Dr  Relative Density, % 

γmax  Max. Unit Weight, kN/m3 

γmin Min. Unit Weight, kN/m3 

γd Dry Unit Weight, kN/m3 

Wc Water Content, % 

D10 Effective Size, mm 

D30 Mean Size, mm 

D60 Mean Size, mm 

Cu Coefficient of Uniformity 

Cc Coefficient of Curvature 

 

Greek symbols 

 

Ø Friction Angle 

c Cohesion, kN/m2 
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