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Abstract: In recent years, an increasing number of structures especially tall 

buildings have been founded on problematic soil. Raft foundations are widely 

used in supporting structures when relatively strong layers are present at shal-

low depth. Sometimes, although the shallow layers of soil have an adequate 

bearing capacity, a raft foundation can induce excessive settlements. In such 

cases, piled rafts (raft foundations enhanced with piles) are used. While the 

loads are assumed to be carried by the raft, piles are included for reducing raft 

settlement. The piles can be arranged to reduce differential settlement in the 

raft. The concept of using piles to reduce raft settlement was first proposed by 

Burland et al. (1977) who placed one pile under each column of a building. The 

analysis of piled raft foundations embedded in a cohesive soil/layered cohesive 

soil profile is still a challenge for most of the simplified methods, since they 

generally model the subsoil as a homogeneous half space. In the design prac-

tice, on the contrary, layered soil profiles need often to be modelled and solved. 

Raft foundations are often subjected to eccentric and inclined loading because 

of the influence of lateral loads cause as a result of high wind and seismic ac-

tions. So that it may create tilt in the structures particularly in case of tall build-

ings. Cooke (1986) carried out experimental work on unpiled raft, free standing 

pile group and piled raft of different size in stiff clay and found that piled raft 

stiffness increases by 30% than that of free standing pile group. Horikoshi 

(1995) and Randolph (1996) carried out centrifuge test on model piled raft in 

clay and found that it reduces settlement and differential settlement of raft. 

Keywords: Piled Raft Foundation, Cohesive Soil, Settlement, Experimental 

Model, Finite Element Modeling. 

1 Introduction 

Foundation of tall buildings and bridges are subjected to high lateral loads along with 

other vertical loads coming from the superstructure. In such case, to increase the load 

bearing capacity of such foundation system and to decrease the corresponding vertical 

and lateral deflection piles may be employed along with raft footing. The use of a 

piled raft as the foundation for buildings has proven to be an effective and economic 

way to control total and differential settlements as well as improving bearing capaci-

ties. The piles are used not only to ensure the stability of the foundation but to act as 

settlement reducers (Burland et al., 1977). Piled Raft Foundation is an attractive foun-



dation system which allows the load to be shared between the raft and the piles, 

thereby offering a more economical solution and provides stability on problematic 

soil. In piled raft foundations, loads are transferred to the soil through the raft and the 

piles. Unlike the conventional pile foundation design in which the piles are designed 

to carry the majority of the load, the design of a piled raft foundation allows the load 

to be shared between the raft and piles and it is necessary to take the complex soil- 

structure interaction effects into account. 

Different techniques have been developed which account for the interactions be-

tween the piles, raft and soil (Davis and Poulos, 1972; Hain and Lee, 1978; Kakurai et 

al., 1987). Most of the research emphasis has been on reducing settlements of the 

foundation and the relative proportion of the load carried by the piles and the raft. 

However, the behavior of piles underneath piled rafts is of importance to the perfor-

mance of the foundations. The settlement of the piled raft foundations as well as the 

distribution of loads, bending moments, deflections and soil reaction in the pile are 

important factors in the design to achieve the objective of economic construction with 

satisfactory performance. 

The principle objective of this research paper is to present a brief review of differ-

ent studies done on piled raft foundation in cohesive soil and layered soil. Their work 

consists of experimental model and numerical analysis on piled raft foundation in 

cohesive and layered soil. 

2 Literature Review 

As compared to a full pile solution, pile assisted raft has a major advantage of sub-

stantial reduction in number of piles, which in turn results in savings of cost and time. 

Poulos (2001) indicated that the 3D numerical modeling is the most reliable and accu-

rate method for the analysis of the piled raft foundation in a clay soils. The maximum 

settlement, differential settlement, raft bending moments and shear force, pile bending 

moments are considered as crucial parameter for optimum design of piled raft founda-

tion. Several researchers have been investigated the settlement (Prakoso and 

Kulhawy, 2001; Cho et al., 2012; Sinha and Hanna, 2016) and bearing behavior 

(Reul, 2004; Sanctis and Mandolini, 2006; Lee et al., 2010) of a piled raft foundation 

in clay soils by numerical modeling.  

Several reports were published on the use of piles as settlement reducers by Clancy 

and Randolph (1993), Randolph (1994), Horikoshi and Randolph (1996), Kim et al. 

(2001), Prakoso and Kulhawy (2001), Poulos (2001), Cunha et al. (2001), Small and 

Zhang (2002), Reul and Randolph (2004). So that some literature survey are im-

portant to study for finding out some insights and indepth knowledge about Piled Raft 

Foundation which is discribed below: 

 Luca de Sanctis and Alessandro Mandolini [28] explained their work based on 

both experimental evidence and three- dimensional finite element analyses, a simple 

criterion is proposed to evaluate the ultimate vertical load of a piled raft as a function 

of its component capacities. The results presented in this paper provides a guide to 



 

assess the safety factor of a vertically loaded piled raft. This paper reports the results 

of recent research based on numerical modeling, and is aimed at studying the factors 

controlling the interaction between raft, soil, and piles when approaching failure. The 

investigation reported in this paper is aimed to evaluate the bearing capacity of a ver-

tically loaded piled raft from the separate ultimate capacities of its components (the 

raft and the pile group). The safety factor of a piled raft is slightly lower than the sum 

of the two safety factors of the unpiled raft and the uncapped pile group. An important 

implication for design is following:  

For a piled raft loaded by Q, it is possible to define three different factors of safety: 

For the unpiled raft (FSUR= QUR,ult /Q), for the pile group (FSG=QG,ult /Q), and for the 

piled raft (FSPR=QPR,ult /Q). Their ratio FSPR/ (FSUR+FSG) is always equal to ξPR, in-

dependent of the selected value for Q (or, equivalently, w), 

 ξPR = 
        

                 
 = 

     

           
 (1) 

Fig. 1. Normalized Load- Settlement Relationship for the Piled Raft on 25 Piles 

with BR/d= 20; L/d= 20; s/d= 4 [28] 

 Donggyu Park and Junhwan Lee [11] investigated various interaction effects and 

load carrying behavior of piled rafts embedded in clay. For this purpose, a series of 

centrifuge load tests were conducted using different types of model foundations in-

cluding single pile, group piles, piled raft and unpiled raft. Different clay conditions 

were considered to prepare for centrifuge specimens. It was found that the pile group 

effect in clays is significant within initial loading range showing lower load carrying 

capacity. As settlement increases, the pile group effect becomes less pronounced. For 

both soft and stiff conditions, the values of R- P interaction factor varied initially, 

which became converged to some values around unity with increasing settlement. 

Similar tendency was observed for the P-R interaction factor. For the stiff condition, 



the corner and inner piles showed the highest and lowest load carrying capacities, 

respectively, due to piled raft interaction effects. Correlations to cone resistance were 

analyzed and presented for the base and shaft resistance of piles for piled rafts. 

Considering the interaction effects, the load capacities of unpiled raft and group piles 

as follows: 

 Qpr = ηr 
.
 Qur + ηp 

.
 Qgp = ηr 

.
 Qur + ηp χg ∑ Qsp (2) 

Where, Qur and Qgp = load capacities of unpiled raft and group piles; ηr and ηp = pile-

to-raft (P-R) and raft-to-pile (R-P) interaction factors; and χg = pile-to-pile (P-P) in-

teraction factor; and Qsp = load capacity of single pile. It should be noted that all load 

components given in Eq. (2) are specified at the same settlement level. The pile-to-

pile interaction factor, χg, is also referred to as the pile group effect factor that is often 

adopted to estimate the load capacity of group piles. The P-R and R-P interaction 

factors (ηr and ηp) represent changes in load capacities of raft and piles in comparison 

to those of unpiled raft and group piles. 
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where Ag = area defined by perimeter line of piles; A = raft area; sp = center-to-center 

pile spacing distance; and Bp = pile diameter. 

Ali-Asghar Zekavati and Alireza Khodaverdian [5] investigated the behavior of 

micropiled raft in power transmission line tower foundations in cohesive soil, concen-

trating on their uplift performance whether due to the tower position along the line or 

under wind loading conditions. In this regard, first a number of micropiles were driv-

en into the ground of a project site at the Parehsar power plant, Gilan, Iran. Compres-

sion and uplift loading tests were conducted according to relevant standards.  

On the basis of the field data, a 3D finite element model was developed and subse-

quently calibrated and verified. The behavior of micropiled rafts subjected to uplift, 

which is a typical type of loading in foundations of 230 kV four- circuit lattice towers, 

was then studied by means of this model in terms of a wide- ranging parametric study. 

In the sensitivity analyses, the impacts of various parameters, such as micropile spac-

ing to diameter (s/d) and length to diameter (l/d) ratios along with undrained shear 

strength of the soil have been investigated on the uplift capacity of an individual mi-

cropile within and out of the group. Furthermore, interaction factors were computed 

based on diverse values for undrained shear strength of the soil, s/d ratio, l/d ratio, and 

grout-soil adhesion.  

From design and analysis perspectives, the FEM outputs revealed that the efficien-

cy coefficient of micropiled raft during uplift can be considered equal to one. More-

over, it was found that not only does the behavior of micropiles affect the neighboring 

micropiles immediately adjacent to the loaded one, it also influences those in further 

rows, the result of which would be considering their significance as well. 



 

Francesco Basile [13] proposed 3D boundary element solution for computing the 

non-linear response of piled rafts to vertical loads. The validity of the analysis is 

demonstrated through comparison with alternative numerical solutions and field 

measurements. The key feature of the proposed approach of this paper lies in its com-

putational efficiency which makes the analysis economically viable not only for the 

design of piled rafts supporting high rise buildings (generally based on complex and 

expensive 3D FEM or FDM analyses) but also for that of bridges, viaducts and nor-

mal buildings.  

In this paper, it has been shown that the concept of piled raft, generally adopted for 

‘‘large’’ flexible piled rafts, can also be applied effectively to ‘‘small’’ rigid piled 

rafts (and to any larger piled raft in which the assumption of rigid raft is valid), mak-

ing PGROUPN- software ideally suitable to a wide range of foundations such as 

bridges, viaducts, wind turbines and ordinary buildings (where use of 3D FEM or 

FDM analyses would be uneconomical). Non- linear soil behaviour is modelled, in an 

approximate manner, by assuming that the tangent soil Young’s modulus (Etan) varies 

with the raft- soil interface stress (t) according to the common hyperbolic stress- strain 

law: 

 Etan = Ei (1 - Rf t/tlim)
2
 (4) 

Shivanand Mali and Baleshwar Singh [45]
 
presented numerical simulation of 

large piled raft foundation through 3D finite element modeling by means of PLAXIS-

3D software. The objective of this research work is to investigate the effect of pile 

spacing, pile length, pile diameter and raft- soil stiffness ratio on the settlement, load- 

sharing, bending moments, and shear force behavior of large piled raft foundation 

subjected to vertical load on a clay soil.  

Fig. 2. Effect of Raft- Soil Stiffness Ratio on (a) Bending Moment and (b) Shear 

Force Along the Width of the Raft (Np = 49, Sp = 4.5 m, Bg/Br = 0.6) [45] 

The results indicated that with increase in pile spacing up to the 5 to 6 times of the 

pile diameter, both average settlement ratio and differential settlement ratio decreased 

effectively and thereafter it increased gradually. Raft with smaller raft- soil stiffness 

ratio and larger pile group to raft width ratio observed to be effective in decreasing the 

average settlement ratio. The load- sharing ratio decreased with increase in pile spac-

ing whereas; it increased with increase in pile length. With increase in pile spacing, 

bending moment ratio increased and as the length of pile increased bending moment 

ratio decreased up to pile group to raft width ratio of 0.6 and thereafter it increased. In 

unpiled- raft and piled- raft, maximum bending moment and minimum shear force is 



obtained at the center of the raft. The bending moment was affected marginally when 

raft- soil stiffness increases more than 0.09. The shear force increase as the raft- soil 

stiffness ratio increase. At any raft- soil stiffness ratio, shear force at the edge pile is 

noted to be minimal as compared to inside piles. Also, shear force changes its sign in 

the vicinity of edge pile. As the raft- soil stiffness ratio increases, the maximum bend-

ing moment and maximum shear force in the raft increases. 

A. Ambarish Ghosh and B. Rituparna Dey [2] presented the behaviour of the 

piled raft foundation system considering the influence of the factors like raft thick-

ness, pile length, diameter and number of piles. An experimental program in laborato-

ry has been conducted on model piled rafts in cohesive soil. The experimental pro-

gram includes the model test on raft supported by (2×2), (3×3) pile groups. In the 

laboratory test, model mild steel piles of diameter 5 mm, 10 mm and length 150 mm 

and 200 mm has been used. The raft has been made of polypropylene plate with plan 

dimensions of 100 mm×100 mm with different thicknesses of 10 mm and 15 mm. The 

objective of the experimental program is to study the behaviour of piled raft founda-

tion system subjected to vertical load. A numerical analysis has been carried out by 

using geotechnical finite element software, PLAXIS 2D, to study the influence of the 

above mentioned parameters on the behaviour of the piled raft foundation in cohesive 

soil deposit.   

Fig. 3. (a) Load Settlement Curve for Raft and Piled Raft and (b) Load Settlement 

Curve for Pile Length of 150 mm and 200 mm [2] 

The results indicated that settlement of pile is decreased when they are placed be-

neath the raft which clearly states that for a combined piled raft foundation system, 

piles act as settlement reducers and as the number of piles beneath the raft is in-

creased, overall settlement of the foundation is decreased. This is because load shared 

by the soil is less compared to that of the raft without piles resulting in less settlement. 

The overall settlement for a 200 mm long pile was found to be less compared to a 150 

mm long pile from figure 3(b). Length of the pile is directly related to its load carry-

ing capacity. Mobilized load carrying capacity of pile per unit length will be less 

while increasing the pile length. Thus results in decrease in settlement. 



 

Shiladitya Mandal and Siddhartha Sengupta [44] presented the performance of 

eccentrically loaded square rafts connected with short piles and resting on soft cohe-

sive soil. The load was applied with varying eccentricity (e) to raft width (B) ratios of 

0.05, 0.1 and 0.2. Experiments were conducted with two different raft sizes of 180 

mm*180 mm and 220 mm*220 mm connected to 0, 2, 3, 4 and 5 numbers of piles in 

different cases.  

Fig. 4. (a) Model Test Tank and Load Frame and (b) Raft with Reinforcing Piles 

and Applied Load [44] 

The results showed that in general as compared to unpiled rafts, the average bear-

ing pressure increased almost two times for piled rafts having 5 piles corresponding to 

e/B = 0.2. For rafts with 5 numbers of piles the average settlement reduced to almost 

one- third in most cases as compared to rafts without pile corresponding to identical 

e/B ratio. The foundations were also proved to be greatly effective in reducing the tilt. 

For e/B = 0.05, on increasing the number of connected piles from 0 to 5, the tilt re-

duced from 2.00
o
 to 0.19

o
 in case of 180 mm*180 mm raft, and from 2.15

o
 to 0.10

o
 

corresponding to 220 mm*220 mm raft respectively. 

R. Radhika and S.P. Jeyapriya [42] have done parametric study and numerical 

analysis of piled raft foundation on soft clay. Laboratory model tests were conducted 

on both unpiled and piled raft on soft clay. The model tests include the use of unpiled 

raft and piled raft of three configurations namely 1x1, 2x2 and 3x3 with varying Slen-

derness Ratio of 23, 27 and 30. The results proved that ultimate load has increased 

and the settlement has reduced which is expressed by Load Improvement Ratio (LIR) 

and Settlement Ratio (SR). Parametric study showed that reduction in settlement takes 

place due to increase in pile length as well as with increase in number of piles. 

Among the tested footing models, the maximum length of pile of 180 mm with piled 

raft of 3x3 group showed 67% increase in ultimate load and 83% reduction in settle-

ment compared to that of same pile configuration with pile length of 140 mm. The 

observed settlement values from experimental study was compared with numerical 

modeling using PLAXIS 2D and found that the results are in good agreement. Settle-

ment reduces with increase in length and number of piles. The percentage reduction in 

settlement was found to be significant when the number of piles increased from 1 to 9 

in each piled raft configuration. 

  



3 Summary 

The analysis of piled raft foundations embedded in a cohesive soil/layered cohesive 

soil profile is challenge for most of the simplified methods, since they generally mod-

el the subsoil as a homogeneous half space. In the design practice, on the contrary, 

layered soil profiles need often to be modelled and solved. However, the efficiency of 

the piled raft system depends on the load eccentricity ratio and pile arrangement. Raft 

foundations are often subjected to eccentric inclined loading because of the influence 

of lateral loads cause as a result of high wind and seismic actions and that may result 

in tilt of the structures particularly in case of high rise buildings.  

Using the settlement reducing piles beneath the raft in such cases may increase the 

soundness of the structure and may reduce the tilt of the raft. However, the piled raft 

subjected to eccentric and inclined loads has not been fully studied. Most of the re-

search work was done on parametric numerical study for uniformly distributed load or 

concentrated column loads on piled raft. So that the study is necessary to gain more 

understanding of behaviour of piled raft foundation for eccentric inclined load over 

cohesive soil/layered cohesive soil mass that creates overturning of the structure, 

which is commonly found in practice. 

References 

1. Alaa Ata, Essam Badrawi and Marwa Nabil: Numerical Analysis of Unconnected Piled 

Raft with Cushion. Ain Shams Engineering Journal 6, 421-428 (2015). 

2. A. Ambarish Ghosh, B. Rituparna Dey: Study on the Behaviour of Piled Raft Foundation 

in Cohesive Soil. 19th Southeast Asian Geotechnical Conference & 2nd AGSSEA Confer-

ence, Kuala Lumpur (2016). 

3. Alessandro Mandolinia, Raffaele Di Laorab and Ylenia Mascarucci: Rational Design of 

Piled Raft. 11th International Conference on Modern Building Materials, Structures and 

Techniques-MBMST 2013, vol. 57, pp. 45-52, Elsevier (2013). 

4. A.Z. Elwakil, W.R. Azzam: Experimental and Numerical Study of Piled Raft System. Al-

exandria Engineering Journal 55, 547-560 (2016). 

5. Ali-Asghar Zekavati, Alireza khodaverdian: Investigating the Performance of Micropiled 

Raft in Foundation of Power Transmission Lines Towers in Cohesive Soil: Experimental 

and Numerical Study. Canadian Geotechnical Journal, 1-50 (2017). 

6. Angelin Savio, Sreekumar N. R. and V. Balakumar: Performance of Piled Raft with Vary-

ing Pile Length. 50th Indian Geotechnical Conference (2015). 

7. Ashutosh Kumar, Deepankar Choudhury and Rolf Katzenbach: Effect of Earthquake on 

Combined Pile-Raft Foundation. pp. 1-16. ASCE (2008). 

8. Atalar C., Patra C.R., Das B.M. and Sivakugan N.: Bearing Capacity of Shallow Founda-

tion under Eccentrically Inclined Load. 18th International Conference on Soil Mechanics 

and Geotechnical Engineering, pp. 3439-3442. (2013). 

9. Basuony El-Garhy, Ahmed Abdel Galil, Abdel-Fattah Youssef and Mohamed Abo Raia: 

Behavior of Raft on Settlement Reducing Piles: Experimental Model Study. Journal of 

Rock Mechanics and Geotechnical Engineering 5, 389-399 (2013). 



 

10. Caglayan Hizal, Gursoy Turan: Traveling Seismic Wave Effect in the High-Rise Struc-

tures on Piled-Raft Foundation. 3rd International Soil-Structure Interaction Symposium- 

Izmir, pp. 1-10. Turkey (2017). 

11. Donggyu Park, Junhwan Lee: Interaction Effects on Load Carrying Behavior of Piled 

Rafts Embedded in Clay from Centrifuge Tests. Canadian Geotechnical Journal 52(10), 1-

37 (2015). 

12. E. Y. Noh, M. Huang, C. Surarak and A. S. Balasurbamaniam: Finite Element Modeling 

for Piled Raft Foundation in Sand. Eleventh East Asia-Pacific Conference on Structural 

Engineering & Construction (EASEC-11). pp. 19-21. (2008). 

13. Francesco Basile: Non- Linear Analysis of Vertically Loaded Piled Rafts. Computer and 

Geotechnics-Elsevier 63, 73-82 (2015). 

14. G Srilakshmi, Darshan Moudgalya N S: Analysis of Piled Raft Foundation using Finite El-

ement Method. International Journal Of Engineering Research and Science & Technology 

2(3), 89-96 (2013). 

15. G.G. Meyerhof: The Bearing Capacity of Foundations under Eccentric and Inclined Loads. 

pp. 440-445. 

16. G.G. Meyerhof, R.D. Purkayastha: Ultimate Pile Capacity in Layered Soil under an Eccen-

tric and Inclined Loads. Canadian Geotechnical Journal 22, 399-402 (1985). 

17. G.G. Meyerhof, R.D. Purkayastha: Analysis and Performance of Piled Raft Foundations 

on Layered Soils-Case Studies. Japanese Geotechnical Society 38(4), 145-150 (1998).  

18. H. Chow, J. Small: Loads and Moments in Piles Beneath Piled Raft. The 12th International 

Conference of International Association for Computer Methods and Advances in Geome-

chanics-IACMAG, pp. 3327-3334. (2008). 

19. H.G. Poulos: Piled Raft Foundations: Design and Applications. Geotechnique 51(2), 95-

113 (2001). 

20. Hessam Yazdani, Mehdi Momeni and Kianoosh Hatami: Micropiled-Raft Foundations for 

High-Rise Buildings on Soft Soils-A Case Study: Kerman. Seventh International Confer-

ence on Case Histories in Geotechnical Engineering, pp. 1-6. Iran (2013). 

21. Hiroyoshi Hirai: Analysis of piled raft with nodular pile subjected to vertical load using a 

Winkler model approach. International Journal for Numerical and Analytical Methods in 

Geomechanics (2016). 

22. J. Patil, S.A. Vasanwala and C.H. Solanki: An Experimental Study of Eccentrically Load-

ed Piled Raft. International Journal of Geotechnical Engineering 10(1), 40-45 (2016). 

23. Jaymin D. Patil, Sandeep A. Vasanwala and Chandresh H. Solanki: An Experimental In-

vestigation on Behavior of Piled Raft Foundation. International Journal of Geomatics and 

Geosciences 5(2), 300-311 (2014). 

24. Jaymin. D. Patil, S.A.Vasanvala and C.H. Solanki: A Study on Piled Raft Foundation: 

State of Art. International Journal of Engineering Research & Technology 2(8), 1464-1470 

(2013). 

25. JinHyung Lee, Youngho Kim and Sangseom Jeong: Three Dimensional Analysis of Bear-

ing Behavior of Piled Raft on Soft Clay. Computers and Geotechnics-Elsevier 37, 103-114 

(2010). 

26. Junyoung Ko, Jaeyeon Cho and Sangseom Jeong: Nonlinear 3D Interactive Analysis of 

Super Structure and Piled Raft Foundation. Engineering Structures-Elsevier 143, 204-218 

(2017). 

27. LinlongMu, Maosong Huang: Analytical Method for Evaluation of Coupled Responses of 

a Multidirectionally Loaded Pile-Raft Foundation Induced by Tunnelling in Layered Soils. 

Hindawi Publishing Corporation Mathematical Problems in Engineering, pp. 1-18 (2015). 



28. Luca de Sanctis, Alessandro Mandolini: Bearing Capacity of Piled Rafts on Soft Clay 

Soils. Journal of Geotechnical and Geoenvironmental Engineering-ASCE 132(12), 1600-

1610 (2006). 

29. Luca de Sanctis, Alessandro Mandolini, Gianpiero Russo and Carlo Viggiani: Some Re-

marks on the Optimum Design of Piled Rafts. Deep Foundations-ASCE, Geotechnical 

Special Publication No. 116, pp. 405-425. (2002). 

30. Luca de Sanctis, Gianpiero Russo: Piled Raft on Layered Soils. Ninth International Con-

ference on Piling and Deep Foundations. pp. 279-285. (2002). 

31. M.F. Randolph: Design Methods for Pile Groups and Piled Rafts. Geomechanics Group-

ICSMFE, pp. 61-82. (1994). 

32. Mary W. Goodson, John E. Anderson: Soil-Structure Interaction-A Case Study. Structures 

Congress-ASCE (2005). 

33. Mohammad H.T. Rayhani, Hesham El Naggar: Physical and Numerical Modeling of Dy-

namic Soil-Structure Interaction. Geotechnical Earthquake Engineering and Soil Dynam-

ics-IVth  Congress-ASCE, pp. 1-11. (2008). 

34. Mohammad Hassan Baziar, Fahime Rafiee, Alireza Saeedi Azizkandi and Chung Jung 

Lee: Effect of Super-Structure Frequency on the Seismic Behavior of Pile-Raft Foundation 

using Physical Modeling. Soil Dynamics and Earthquake Engineering-Elsevier 104, 196-

209 (2017). 

35. Mostafa El Sawwaf: Experimental Study of Eccentrically Loaded Raft with Connected and 

Unconnected Short Piles. Journal of Geotechnical and Geoenvironmental Engineering-

ASCE 136, 1394-1402 (2010). 

36. Nidhi Gupta: Structural Design for Eccentric Loading of Footing. International Journal Of 

Engineering Sciences & Research Technology 4(4), 631-635 (2015). 

37. O. Reul, M.F. Rendolph: Piled Rafts in Overconsolidated Clay: Comparison of In-Situ 

Measurements and Numerical Analysis. Centre for Offshore Foundation Systems-

Geotechnique, 53(3), 301-315 (2003). 

38. Pastsakorn Kitiyodom, Tatsunori Matsumoto and Ryuuichi Sonodo: Approximate Numeri-

cal Analysis of a Large Piled Raft Foundation. Japanese Geotechnical Society 51(1), 1-10 

(2011). 

39. R.P. Cunha, H.G. Poulos and J.C. Small: Investigation of Design Alternatives for a Piled 

Raft Case History. Journal of Geotechnical and Geoenvironmental Engineering-ASCE 

127, 635-641 (2001). 

40. R.P. Cunha, H.G. Poulos and J.C. Small: Investigation of Design Alternatives for a Piled 

Raft Case History. Journal of Geotechnical and Geoenvironmental Engineering 127, pp. 

635-641 (2001). 

41. Rolf Katzenbach, Christian Gutberlet and Gregor Bachmann: Soil Structure Interaction 

Aspects for Ultimate Limit State Design of Complex Foundations-ISGSR. pp. 585-596. 

(2007). 

42. R. Radhika, S.P.Jeyapriya and P.Soundrapandiyan: Parametric study and numerical analy-

sis of piled raft foundation on soft clay. International Journal for Research in Emerging 

Science and Technology 2(4), 90-97 (2015). 

43. Seyed Mohammad Sadegh Sahraeiana, Jiro Takemura and Sakae Seki: An Investigation 

about Seismic Behavior of Piled Raft Foundation for Oil Storage Tanks using Centrifuge 

Modelling. Soil Dynamics and Earthquake Engineering-Elsevier 104, 210-227 (2017). 

44. Shiladitya Mandal, Siddhartha Sengupta: Experimental Investigation of Eccentrically 

Loaded Piled Raft Resting on Soft Cohesive Soil. Indian Geotech Journal-Springer (2017). 

45. Shivanand Mali, Baleshwar Singh: Behavior of Large Piled Raft Foundation on Clay Soil. 

Elsevier 149, 205-216 (2018).  



 

46. Soumya Roy, Bikash Chandra Chattopadhyay: Study on Piled Raft Foundation Subjected 

to Inclined Compressive Loading Condition. International Journal of Civil Engineering 

Research 8(2), 91-111 (2017). 

47. V.V.R.N. Sastry, G.G. Meyerhof and T. Koumoto: Behaviour of Rigid Piles in Layered 

Soils under Eccentric and Inclined Loads. Canadian Geotech Journal 23, 451-457 (1986). 


