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Finite Difference Modeling of a Piled Raft Foundation with
Axisymmetry Condition and Interface Element

ABSTRACT

In this study, FDM modelling with axisymmetry condition and interface element was verified whether it is reasonable to estimate
compositive behavior of a piled raft foundation. To this end, the modelling validity of piled raft foundations was estimated by
comparing and analyzing numerical analysis results and laboratory model test results. Also, load bearing ratio of a raft is analyzed by
performing sensitivity analysis of foundation parameters with the actual field conditions. As a result of this study, correlation between
bearing capacity and vertical displacement of numerical results turned out to be similar with that of a laboratory model test. In addition,
ultimate bearing capacity of piled rafts and load bearing ratio of the raft is calculated to be similar in both cases. The load bearing ratio
of the raft was also estimated to be in the range of 33% to 52% from the sensitivity analysis. The results were confirmed to be similar
to the previous studies. Therefore, it can be inferred that piled rafts can be effectively modelled applying axisymmetry condition and
interface element.

Key words : Piled raft foundation, Load bearing ratio of raft, Finite difference analysis, Interface element, Axisymmetry condition

N X8l &g o]8-3t piled raft 7] %2] E-314
o] FeJA 1A HAF3ATk o1& Y5l ANREHAF Ao} &
. 3k 7)1 % wi7A o] Uigk MRS 35l rafte] SR HEeS B4k AT A, Ay A
FA] O]V—? 757401]*1 AAH-74] Eﬂﬂ’]«] < L-‘*}ﬁ] }50 SRS ¥ 8o, piled raft 7] 0] S8 X H 3 rafte] st H&ol H|LF FAkas)
2 o} 33%~52% AJo|ol 4 AFAEJo], 7k U7 Ake} f AR SHIaieIh wle}

A plledraft 7]§—L =8 B g o 7374]@ [4E 0]%’5‘}0:] FIA 0 7 ndgd 2= 98 Ao g drkdn),

* A3 - wAAR} ANt EEFSH} g (Corresponding Author- The University of Suwon, Professor - khyou@suwon.ac.kr)
** —’F%EH‘(“_’ Eﬁ—ﬂiﬂ-ﬂ. 2JA}3}4 (The University of Suwon, Master Student - rlagudfuf2@suwon.ac.kr)
wkx A5 - A st EE-Fsl3} vhAlaby (The University of Suwon, Ph.D. Student - spinshot8259@naver.com)

Received January 21, 2015/ revised May 21, 2015/ accepted June 3, 2015

Copyright © 2015 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




Zoi3 24 9 AW R4S o|§3F Piled Raft 71%0] AR mYY ol

LME

HZ7HA) @A AR EAL Sl W5 rafte] AAEE
A F Sl Belal wEe] AR kS ek wX
o] AepdA R QI HIBAIAR] Al skl e o]
o} oJ2fdt EAIS Heksly] Slel Bt el Ao s
rafte} W] AfelES TRk 7123219l piled raft 7127}
282 4 Slrk piled raft 7122 rafti= AN} HEH o] RS
o] FFFEE Tk 9EE A, F9le) B @AY ¥
R AT o3I raft7} AREES] OF 35%-50%S Heet
Tk Ba=a ek(Song, 2003). SEAYE =rule] piled raft 7]z
e s = Ao s s glow, A 7]x9
2AGE Efel] S18) RS o8t A7t Eie]
AR, e} ARRtolo ] WA= EddHe] A tigk
AP} WEE Ao tiKim, 2014).

Se0(2004)= Fk8Ag 7Hko 2 Sh= PLAXIS Z2131s
SeF AEAN ] tigk 712202 ARE 4 YU piled
raft 7)30] ARG AR 9 o5l vixks GRS At
ek o1& S8 A Gt TR AkEds AgdaL 7|z
TEREO] A & lste] ¥k T S
A}, - A5e] 2 rafte] ke whlE BAIS E)181
o} =3 piledo] 4A] 7% AA|S] sl WSl pile]

M

f

Kim(2013)& thEshitollA] v &7 %e] Aetx|x|ge
3t A5 BT o5 918l Hoek-Brown 337 K5 vl
2 g 220 fREEAE B3 o 209 AAHAAE
ol-g3te] Tl WEy| 25 RAHETE A AFAAS A5
7] S8l @At Ae] sl 3% vlasieick 1 A,
o] ATAHRE A dEets A4S ske-e] 4]
AR wiS- FARHAl VRt SRS AN 9l
dsro] mulglo] AFRS BRIkt

B ofFolx)E= wiel wEEo] o piled raft 7]%d]] thsh $=xjE14]
A AdE FIREHS 7o 2 $F FLAC 2DE ©]43}d
U} 2k Aole] BoI&H AFS AW QA(interface
element) = BARES 24 ASBTE ol 3l wIZALE B8
piled raft 7]Zo] AR A TR D A} 4%
X e vl 2k ol s FABIA SR HALS
sl Ak FU3 AR @49} A 2 (axisymmetry
condition)S #8333k

TSk A @RS elgk AR e AES S
ofaf WgheRAS Fasle] rafte] SlEEEE-S BAEI) ol

7

1'
LRy |
3l piled raft 71%9o] @& Zo)9} rafte] FHLS wyfHsR

o

Oft

854  Journal of the Korean Society of Civil Engineers

2slode). WEe] Zol= PHC(Pre-tensioned spun High strength
Concrete) ‘&5 7748 18]5l50.m, rafte] AL wWEo]d
ek w2l rafte] #73H|E #-8-ste] stk HFHo=
s 25l whet 2PgE piled raft 7120] 2|x]#7 rafto]

FEETHES v BAsAck
2. Piled raft J|X 3 OI52HS

Piled raft 7]%%= Fig. 13} o] W, raft @ 7|24k &
3709] AR QAR o)Folx] B} FAle|, R FRER QI
2GEh= 3l rafte} o] FA| Al HdskE 7=HEH =
=] Itk raft= g FEEC] 3lES WAL SRS AR
< sk gEe oh, UL rafte] F=stk HEkE oAAA
g B ik e HebA”] ks itk piled raft 7)Z=
Felds via) Ag = dEe] o] 9l JigE AAsHl Y
T o, AW)ZzRT} o) ek B 35 Hekds Uo=M
TEE ARSI Sl V1R ok B AR A6
A FElEE A7z g WG raft) skes EHE]
ujite] 7122 AXES FFAZ 5 Uk Song, 2003).

Rafto] 3l5iee-2 ARl Uil raft7} Feels A2
Hl(a,, )= Eq. (D7 2o] ZoJg 5 Atk a,, = 0 Q1 A rafte]
HAISho] 2H83HA] k2 AdEjelA WEe] HAslES FEshe
e 71z AAEE, a, =1 Q1 A%, AARES raftrh 215
Fele &2 712 AAATS eIt 58 0< g, < 191
785, U5 raftv} 5158 BHBRE piled raft 7]20] ARXAFS
H2ItKKim, 2013).

R raft

a, =" M
r Rlolal

Rlot

AR S R R

‘U‘ (W ‘U‘ Ul ﬂ U ﬁ
Ryite, 1 Rpie, i

Fig. 1. Piled Raft Foundation as a Composite Structure (After
Katzenbach and Reul, 1997)
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Fig. 2. An Interface Represented by Side A and B, Connected by
Shear and Normal Stiffness Springs (ITASCA, 2005)
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Fig. 3. A Result of Laboratory Model Test of a Single Pile
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Table 1. Sandy Properties Applied to This Analysis

Unit weight (kN/m®) Elastic modulus ( 1/Pa)
15.1 3.0
Poisson’s ratio Cohesion (kPa) Friction angle (°)

0.25 0.1 39.5

Table 2. The Specification of a Piled Raft Foundation
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Fig. 4. Numerical Overview of a Piled Raft Foundation

Table 3. Steel Properties Applied to a Piled Raft Foundation

Sort Length (m) | Diameter (m) | Thickness (m)
Pile 1.0 0.04 0.003 Unit weight (kV/m®) | Elastic modulus (GPa) | Poisson’s ratio
Raft - 0.124 0.016 66.4 200 0.3
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Table 4. Normal and Shear Stiffness Calculated through a Back

Analysis
Sort | Normal stiffness (GPa/m) | Shear stiffness ( GPa/m)
Skin 1,000 500
Tip 1.0 500
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Fig. 8. Correlation between Bearing Capacity and Displacement of Laboratory Model Test and Numerical Analysis

Table 5. Results of Laboratory Model Test and Numerical Analysis

Table 7. Parameters Selected for Sensitivity Analysis

Laboratory Numerical
Sort .
model test analysis
Bearing capacity Pile 11.5 10.8
(kN) Raft 2.1 1.9
Load bearing ratio of raft (%) 154 15.0

Table 6. Soil Properties Used for Sensitivity Analysis (Kim, 2002)

Pile length (1) Ratio of diameter to pile length (D, /L, %)

7.0 30.0
11.0 40.0
15.0 50.0

Table 8. Properties of a Piled Raft Foundation Used for Sensitivity
Analysis (Kim, 2008)

Unit weight | Elastic modulus |Poisson’s| Cohesion | Friction Sort | Unit weight (kN/m? Elastic modulus Poisson’s
(kN/m®) (MPa) ratio | (kPa) | angle(©) nit weight (ki) (GPa) ratio
20.0 20.0 0.3 10.0 30.0 Pile 13.44 12.50 0.25
Raft 25.00 30.00 0.20
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Table 9. Properties of Interface Element Summarized through
Previous Studies (Lee et al., 2012)

Sort Laver Normal stiffness | Shear stiffness
4 (MPa/m) (MPa/m)
Pile-soil Weathered soil 30 15
Weathered rock 700 350
Pile-rock
Soft rock 2,000 1,000
_ Rock Soft rock 400 400
discontinuity

Table 10. Properties of Interface Element Applied to Sensitivity

Analysis
Normal stiffness Shear stiffness Cohesion | Friction angle
(MPa/m) (MPa/m) (kPa) (©)
30 15 5 16.1
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Fig. 9. Correlation between Bearing Capacity and Displacement obtained through Sensitivity Analysis
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Table 11. Ultimate Bearing Capacity According to Parameter Combinations

Sort Pile length (m) End bearing (MN) Skin friction (AN) | Bearing capacity of a raft (1/V)
7 0.35 0.17 0.30
30 11 0.36 0.34 0.41
15 0.36 0.58 0.48
Ratio of diameter to pile 7 033 0.16 0.44
length 50 11 0.34 0.33 0.53
(D./L,%) 15 0.34 0.57 0.57
7 0.32 0.16 0.53
70 11 0.33 0.33 0.60
15 0.33 0.57 0.64

Table 12. Load Bearing Ratio of Raft and Average Increment According to Pile Parameters

Sort Ratio of diameter to pile length (D, /L, %) The average increment o.f load F)earing ratio per
30 50 70 10 % of D,/ L increasing(%)
. 7 36.59 4731 52.48 4.0
Plle( :r)lgth 11 36.94 4417 47.62 27
15 33.80 38.51 41.56 1.9
550 7. 8=
% 50.0
E as0 G\ B oM 2% 27 (axisymmetry condition) 2 ZAH
E 400 A__ﬁg\ﬂ S (interface element)S ©]8-3}¢] piled raft 7]%9] 3t S=x]5)
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Fig. 10. Comparison of Load Bearing Ratio of Raft
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