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A Practical Analysis Method for the Design of Piled Raft Foundations

o] & ¥ Lee, Seung-Hoon

o 3F° Park, Young-Ho

+ 49 & Song, Myung-Jun
Abstract

Piled raft foundations have been highlighted as an economical design concept of pile foundations in recent years.
However, piled raft foundations have not been widely used in Korea due to the difficulty in estimating the complex
interaction effects among rafts, piles and soils. The authors developed an effective numerical program to analyze the
behavior of piled raft foundations for practical design purposes and presented it briefly in this paper. The developed
numerical program simulates the raft as a flexible plate consisting of finite elements with eight nodes and the raft is
supported by a series of elastic springs representing subsoils and piles. This study imported another model to simulate
pile groups considering non-linear behavior and interaction effects. The apparent stiffnesses of the soils and piles were
estimated by iterative calculations to satisfy the compatibility between those two components and the behavior of piled
raft foundations can be predicted using these stiffnesses. For the verification of the program, the analysis results about
some example problems were compared with those of rigorous three dimensional finite element analysis and other
approximate analysis methods. It was found that the program can analyze non-linear behaviors and interaction effects
efficiently in multi-layered soils and has sufficient capabilities for application to practical analysis and design of piled

raft foundations.

2 x

BEA UWILE U128 BAUOZ MAT 5 G AdOR F5E 00 oAz, Uk A
o] FBatgol st oy FujolH 47 Ugsbt 1 UA gk Aolth AGEE WEAX| Aus|ze] Ag
3 98 Broltn T 4 b KA 2AY ZRIRL H%ﬁ}‘:‘iﬁ 2 e 1 4E B

avfelsic LT Z2age) 44 AErge 27 T SRoE T4

o 7\xe SHHBLo), e S Al Hstol L) M4t

SUE AU, £ wae] AYZAL WA 910 WRALAE

LEAR) Al 2ol AAe] Wad AT oFANE 2 4+ Uk A1 AZE Ntel RT3
!

4 % 7)Eo] ALE A PEST nRAS $AREom, o F F3) ALH Z2age] 7|2 Ak
A43A8E PR O nStARE WAY o] ekl chEAve] That HE4o] Fof WEAX) Huiy|ze)
A W LA T ASE Bao] F HUE A% 2= AL ¢ 4 Ak

Keywords : Approximate analysis, Interaction, Load share, Non-linear analysis, Piled raft, Stiffness reduction

1 B354, A 7]1&A+4 274 (Members, Senior Researcher, Hyundai Institute of Construction Technology, 1sh2002@hotmail.com, 41212}
2 334, doal VedT4 2 (Members, Principal Researcher, Hyundai Institute of Construction Technology)
3 A8, dddd 71€dT4 2 (Members, Senior Researcher, Hyundai Institute of Construction Technology)

* 2 = Ut EQE dsh= 392 20089 69 30874 2 ulg-S #3lE HUFAY] vtk Azt HE UL 8 =24 AAsle] =),

YEXX MHIE0| HAHE Plet &SH cHALHN 28 37 83



1. ME

bl 7)12 AACME WA 7|28 o] 83t
HH7|22 A YD FshE AESI, At AXH
I AsteFo] 383 ool FoleA] & A, 2o}
2 A AR SOl AR F2EY 3H-E A}

td BE7122 oA HESH " of o, AEH

T N e =N
o o me % rlo
ox HA
o N,

A
)
(2
N>
ol
of
N
£
Mo
=
i
o,
2
>
-0,
A
)
N
-
Ko
i)
i
A

i
S

et
>
H
o
2
1
:(zi,_"
>
olX
N
N
Ol
o
k1
s
s
=
o]
4
S,
5
3

LA A7 |25 G o s 28357 QA=
7|23 Ao ol o] FPAE Aok B}, o]
g A iR AAY Bk At A4 8 FE
Aol "tk whetbd, HEXA] AWr]x AAE HAE3
&17) lsiAe Jetet B3 XMskE AYsHA A5 +
= A7l "ol IEt B A1AE
ofsfl 8|7l upet Zo] WEX|A] A2 f 7|24
o] AFS A2 4T ag AR Qlste] dEo g
AEE S A9 E AolE HolA He=d, 2EAR
HAA7| 29 AsS FIstA 53] YA oy
T AEAE auE FEdes 1 4= glojof gt

AF7HA AjbE WER| R AUz 20 sfAHe
A GEAA, SAFEAY, ddsiier RS
T Aok SeALPHE 720 sHEA| N o] 3
73S o] 83l WH O R Poulos?} Davis(1980)7} A

4 3k Randolph(1983, 1994)7}F 7H2st HHS of

£ 4 e, of 9oj= 57t = E gt

5 o] o] o &3t ZARAYE At

B Aol ¢ W 2AS o] 7 W Ay 9of ¥
]

=
HAZH3= WH O 2 Poulos(1991), Brownit}
Weisner(1975), Weisner®} Brown(1976)50) 23 A|¢t
HUIL, A= 7|2 ] o4l Ho g wdRshs

oo
i
o

SAetEsE =28 M232 M125

o 2 Poulos(1994), Clancy®} Randolph(1993), Franke
=(1994), Yamashita $(1993)0] 2J3) 7= At 4
AL AA S o83 I fEtasiof ¢
g 9 o] FUE 2R e 2R 4 Sl
AALAYE 0]83F ] o 21= Butterfield?} Banerjee
(1971), Kuwabara(1989), Poulos(1993)%5-ll &5 A+
et o] WYL V2IE AR Edte 9He
ZHA AL Qlet. o] &3S RAEk] flste 2EE €9
o] Bas4g AFt Ao BALLHT fIeLHE =
35k i o 2 o]of| a4+ HainT} Lee (1978), Sinha
(1996)5-¢] A5 dRFe= 5 5 Utk A57HA A
otE W F IEAR] AH7|EE MY st 2d
P34 e W 34 fEaasds ol gt W
Holet. o] HrHE Ottaviani(1975)0] 2Jsf Al:=H o] 5
Zhuang S(1991), Lee(1993), Ta2} Small(1996), Wang
(1995)5ll o3 thFolA ik

deALHE E4A H8 = Sl Aol e,
HE Aot A5 5= 912 B oby=h JA) Hok
o= B FA™E AU Uk 33 /s
AL o83t AdaiA S TEAA A7)z A
TS 7P LA AT 4 e Yol ARE AEE
AZHE =8g R R sl7] gt Aol 28317
£ A ik webA, BERA] dH7|2E A8t
7] YA ol Al HUEE SHEIIHUAE thef
g 27100 digk AEE A&sHA 34 = Y= 587
A ZAMA e Hasith XF7HA] AR HE A
&3 ZR IS0 v AMLHAAT, AFEA 34
gt 7FsstAY, tha ARk tigt A &Ado) HolX= 5
EAE 282 itk 2 Aol 71800 =l
AR 25 e Haste] AuEet
AgAol HAE WEXZ] AWz §j4 ZRIHE

NS

1o

i

2. MEX ZARHA ==l Jyw
2.1 R IR

B} AW7]20) TAAS 5te] 19 1)}
e mde A8 Tlzme se) He e
o] A7 BasrsE TAEY, Aue BES
szgos galET 71Eo]) ALEYE B A

p
4 Zzagse] v 2xus UE Aol P4



pod
t
£
ol
5

o oY B$ A Az wE
A %7k oh g, qlele) MASE) diat
A e %) ASES A AN S glom, £
mEo] YYRAS VEA71/] dste] Tzt g
AR 34

[e]

o F
=
%
_O‘_l_:
2
L
o
)

Q Axtd HalgFozHE 1Y (b)Y FHmAL

L g ] e sori
soil spring pule spring

[
[>
[El
on
o
=2
o
e
N
B
e
=o=|
X
5]
mg

R ERE A S

pile
Qo - base resistance Qi) : shaft resistance
{pile element {)

Qi

T ) e

2440 MRS JEIASSY SRR

Qe

(b) 2= =Y
J8 1. USEX|X] MH7|E MRl iR

b AL w=Qalgith o] AW Axeo] AL |2
o} Aatel AUt e] BAE FIE Ao, B
A Agoz 7Pgsiir AN Az

| A== ARRtg Az 2
B 78 4= glon, AW AlR] Ao M3 o
TA}E Fxslich & Ao A= Vesic(1961)0] A
gt W g thgARke] it A8-44E wolv]
9)3}o] Schmertmann¥}t Hartmann(1978)0]] 2J3) Aot

WL JPASE o83 WHS H Gt

T, ' (1)

SHEY; 2HEte) A Abg-S mARSEY] $iate] W
& oo BEE 4R FEshL 74 ek v £
H upaela) Aste) A W o) Ak skt st

s A1) HolE st &

Sk Aoz 7PEt AT &,

TE Ao gETo] glo] WES v RE A

7HA] 9] Zslgol B FUS o= stk #

oA Hgah 7F W g aolx o] Byl st st

A, 21 200 vrebd Biet o] Kondner(1963)7} A

ket W o] -k AT FARE FEIE A 29 4
302 AT 5 AUk

=)
)

I

et

g,

ol
_o‘L
2
o)
o
JE=)
rr o

w
P
T e,
kpb 49 pba (2)
. w
9ps = 1 & W,
- + »
k() q,,0 3
G (i)
A A
Gpto [P
Qoo Jrrarromprne i Gpuell) |
(a) ME (b) =M

Ozl 2. B okt Fofel A S

LN HMBD|xS SHE St ASH ohAUHO &8 A7 85



Q) = 82 i A 9] the] = upaty
k(i) = 82 (o)A ZWo] 27734
Gpsa(i) = GuD/Rs = G} H2A
gpu) = £ O] 9] I3 @Y FH XX

271742 Randolph®} Wroth(1978)7} A AJ3H v
of ofsf th&i} o] & 4= Qi

. __ 4G,
? o, (1-v,) )
, G.(D)
k = 5
» O r, ln(rm / rp) )

o 7] A,
Go = Ao HdadA
Gy(i) = 82 o4 FH A A S
n, = W52 WHAlE
vp = WE Mok FHAERY ZopdH]
tm = FENE = 2.5Ly(1- vop
oy

L, =

459 o]
v, = WHE 20 Aute] Eopd
p = Grpry/Ge

AYASAY It g ALl T ©
23 ReO) ke oJAbse] A8 4 YTk 13K B
29 29 vl AP Hejard A

i B B |

W
ofd
i
o
L
oo

sfof 24T 5 ok, Ree] g2 7]4te] Bk 9
Zslok Btk RO G 102 WL 4 glon, 2 e
HEUSE HS HUL FEAh TOF R Zho] 0
o 7Pk gol HE, S5-Ash THS MFEA-2
a4el B -3 FAL fARE Fet Eok

Ato] A ROl BET} X5k Ajo]o] Y2
o T ge] ek A A9, WE T J)
A1 813l Tie E 2 Ahe] A WApREOR 11

86 Et=AlBtEsts =28 H23d H12:

LI
m
w
]

nJ
s
=]
rE
®
rz
i)_
o

i i

T8 4. Y=0| 7Y F2 HWege B

% 337} 2 BEE 714 =k Randolphe} Wroth(1978):=
=

=2
LE F4lo 20 vbg o A9 Ak winS o
e &

O7A, T WE FHoHY) ATSE, ke TE )
A, 28T e WE 3Fe) Ast whAo|nt

27e] TEo] Az A Qe Aol 1% 49}
o] Ztzvo] WglRo] A= FHEL &, WE io] Y}
% wiiys A A wiio L= jo M I
ofl olgt Wl wy(ij)el ol Hm, o] Qls) kx| WE
o] ZAo] A= AT} BE e S HHA s,
49, 2] 10). B AFoAE o|o} T BARS THE-AL-



TE7} AFE X

8ol gt AR7) 3 Asta gojsiglct

by )=y 0 = = [’("’]

G, (0) ®)
o AV A REAT))
W,,(l,J)—WS(V,-,j)————GS ln[ . ] )
w,D=w, (i) +w,(, ) (10)
q71A, nje TE ik W j o] Aglolt).

Al 113 Zo] I'(HH4E Edﬂil 7He] e o
& Aske AU 4 129} o] ehd % ek
iy B0

0= (11)

rp(l)ln[r"‘(l)] rp(2)ln[r"’(2)] . V,,(n)ln(r”’(n)]_
w, (1) B hiz T (T
w,(2) rp(l)ln[r’;(l)] rp(Z)In[M} rp(n)ln[ M 1|ir@

wy(n)

{wpr=[RH{I"} (13)

218004 H&d vpe} o] TE FHIEF (wt e
REEAE 37 WA 7P| Zdoll ofsf Astsaz
o1 Qi gholgta & <: gluk waEbA, [R19] daES

ol g3 Tt Zo| (IS 7 4 gk
{T3=[RI" {w} (14)

(T37F T2 4 155 ol-gsto] Q1 WS oo
& ASlR T AR ] GOl 2 W5 wi) S
% % gck.

w, (1) =T ()7, () ln[ " (i)]

r, (i) (15)

w7} oFd wi(i,i)Z o]-83te] Al 20} 4] 307 HE a+
59| viels 7ohd, ALY BE AT EL A4
2kgol oJ3t Zuy| FAASE THT 5 A "ok

A7 A= SET xdk Abo) o] njnF o] ¢ A
Lo thEte] WE-AHRTERO] A4S AE-S TEEH=
siAgel diste] 7j&stele T2y, AR TS

> W

wi(D)

Waipll}

Y

i J
J% 6. D[IIE{A0| LiE 39 HEe| 39

3} 25t Aole] HEwol ulmeizo] walshA B
ol QI WEO| Ysrzt vl AT FAAN Y
slare A5 7| ko, theat Ze AR FRE

w, =w(7,)+wy, (16)

A7 M, Wity WET v QLEFE 917 rolAlel Aut
Akl T, wapd TIm ] aolth. B ATofA=
Plaxis 3D o] &3t 3341 f¥tasald AnE vz
1% 59} o] W= sierel 7AL Tt W= 7}
algon, 4] 173 o] el ke He 4

A% ReZ EASHACKEN A 7|4 AT2, 2008
%@#ﬂ)

R, = Wp _Wslip — ws(rp)

w, W, (17

u el o] MAISH: WO A U E WA

LEXX HSHIIE SAE He AES oYY A5 22 87



TAHI 7P FHAY MG FFE F= BHE
o] Ash= R FAsIFo] oL o7)4 ujmHy
of F& ALl AFANY HdkF wrp)TH= ZAolth
(2" 6). mEhA, vjmee] TAY B¢ 4 10 4

—

182, 4 125 4] 192 27} gAF 4 glov], BEe)
dele Tt e Yelnet FUsc
w,(r, ()

w (D =w,(L,D)+w, (i, j)=——L—"+w(r,
OTEDTEIT TR ) g
“”ﬂln[rm‘(l)) rP(Z)In[M] rp(n)ln[wj“

wp(l) Rﬁ i N2 Nn ()
w,2) rp(l)ln[r"’—(l)] ’L@ln[L@)J ,(n)ln[M] rQ)
£ e > 7 Ty
()
. rm 201, gy =3 7 (o) [T
] P " ” " R/e .

- (19)

Re©] 7k WHEA] 10xTH Zojok ahul, Re] Flo] 24
2 % Hor GEHL, YR eSS B
Huom Tk Rl gol teis ofdria)
AP AN S glot B Balolt ¢

3
fadg Bo PROR Ta 4 e AoR A
ot

dast AT Ze BRSPS "t ojg)
Aol 7zl ojF W] Pu
,‘

88 e=XptEEel=2d M23A M125

Y

9] waa(i)= 41 203} 0] %
3 4 glow], WE 8 io]M9] wel AL 85}
HoFO2 wythAl w()S 01831 AHALTA 7]

4
W
o N
(&
N
rm
©
o
u)
(&

252 BEo| oJ 72gke) w7 4 A3
29 7olAeh o] BHo] §1& H 9ol 9
o 87 ol Weaa(i)UHE W3 AT 7Pt
W, o] 9lg Aol WEO] Sl WASH: %
g-2lof] o3 A7 iolH wepi)EHES] H57t o

A ek wetd, wEol gl 7| ZBA X3
mejo) 4o] A (21)7h LekR, WER| Q) Ao
A Ak 2me0] Guiy] Aol 4] @2)e} gl A3t

Ho), 4 2% A Q)2 ] BIT > Ak
N 90)
k ==~/
s.raft (l) Wy (l) (21)
ks, pilzdraﬂ(i) = o0 = Q(l) -
ws,piled raft (l) Ws,mﬁ (Z) + ws,pile (l) (22)
noi)ei n(x.iei

Fl

{a) 7[=

r

F (b) =

node i
®

Wi pitea (i)™ WeratliH Wi gite (D)

(c) XX MH7|=

T3 7. sl | sk XHk A=Elof BT 2 KMt HEx



5 mft(i)
s raﬁ(l)+ s plle( i)

Ky ()

k:,piledrafr (’) = (23)
017 k]’ ks,raﬁ(i)-(?—]' Ws,raﬁ(i)“i— OE}_—]_—[ (})J]\T]:‘ %)R-O] Di Ws,pile(i)
’%‘ ??!-Eﬂ ks,piled raﬁ(i)'g‘ :lLt?:_} ‘/l\_ 9»11‘9‘1]%; UE]_'?‘?Q‘] /H‘/"l:7 ]'
d 7

£ Wi T AL o] 83 T 5= gl

Wy () = z{ro)r mln[ (’)]}

iJ

24
A7|A, nj= Zlawel A ok W j Alo|9] Fg]o|r)

253 71&3e) o7 B Fux)ke] A3}
A& TRl E sk AF] & FHAF)
BE, I5AA A7) 2o 19 8¢

iy
L
L
=
®

ol 7lzuo| A= ok
TR F7RHA Heh W 9] Fd Qlefo] Zo
zo| A9} 27 RE FAEEE 00’0 FH, S
7VEE Ao/ (2t SH, 72T 35l 7R 7

1l

s W

AG(1.2)

pile i )
7 8. 7I=Thfl ZIHXI= SES0l 218t U FHMS] RESE 571

Qs
A

Tpeo
4
'
Gpsui

I3 9. &% FHX|UR] Zsjol| oI5t TIsiE-Alst 2AITM Hs}

5, (,2)=0, (,2)+Ad, (i,2) 25)

B AT S Mo/ (i2)E TR T3}
7] $I3kod Newmark (1935)9] 388 283501, of
ghe olgal S w9 FUAYHS AP 19
99} o] W] 7 M Ys}

Bt 245t0l 28 4 YA e
e o) 712ue) xwoﬂ ofgt W WA 5}

3.1 3R fEAc|Mue| H|nEM

ke BfA 2T HEE 918te] AghA] o
A Y 2= WRER R Awr) 2] sae 7 Adst
A B 4 = 33 3R LAY B TEALS 2
Yo, A5 2l¢l H-ed dAet dHPrES
1% 109 VeRd viel Ptk 33§33t R A4S 9

3 AME-El 2= 732 Plaxis 3D Foundation Version 1.5
(Brinkgreve and Broere, 2006)2, Hth7A 7|adF4
(2008 2ol )= WEASIAY ATETre) vl w2
L A $a) o TRIBL o3 WEAA A
W7 zo] SRS ARt v Qlok 27 112 &
Al A4S fs A8E 33 fidte ] deo|t.
IR AT A Z|HEQ 40fl = Hardening-soil Z@o] &

charss Y EXR M7=

REITITTERR

Pile
EP

3x10" kPa

=
I
=¥
o
55

I3 10. i M=z AES floh XHEE oA

ST HSI|x ZAHE It AE&H GHAUHN 248 27 89



(b) 7|Z=Et8 U

J8 11, YSKIX| HH7IE oimiM S I8k fstesd
Load(MN)
0 1 2 3 4 5
0 S —
{ —@— Paxis3D }
! Present Study 1
20 R e '*Tr =
E ‘ i
E 40 | N
£ N\
260 - A\
=1 N\
Q ™ ‘
wn \
N\ |
80 o e N
100

I8 12, ©S02 AISE JIAE0| ChEt AR}

SEHALL, DET 7|20 @aof= AgEd mdo] 3
= At Plaxis 3Dofl A= TED A9t Alo]e] M=
5E BARBE| 3l 7MY A e FEW a4
7} AHgEEY], 970l Coulomb?] w7 &S ZH=
gy Hdo] AgHh HEW Q40| Yozt
HAE L Rt A2AGE o183 2uke) F=Hy
TR dad ghe Agshzt), 2 A7 AL Rued)
Zroz 108 A3t

A 2} 7lzasrt RO ARSES B9 b
T A AUES dohr] flste] WEo] gl V2%
¥ 7)|z2%o] gl R gt s o]

90 S=XIPtBEE=2% H23A M125

Load(kN)

0 200 400 600 800 1000
0 — —
¢ | @ Plaxs3D
| Present Study
20 \ ey
—~
& ;
@ 40 } i :
- \ |
5
g 0 |
,;L_{ 60 }\\ i
= [
0 P
2] ; \\
80 | ,,,,,wv,,\l‘. B
100
(a) MEt
Load(kN)
0 200 400 600 800 1000
0 —
} —@— Plaxs3D
\\" Present Study
20
—~ \.
£ !
E | I
= !
= i |
—= 60 | K
5 | !
(3 o
72! : |
80 S # ‘
100 ‘ ‘
(b) =9
Load(kN)
0 200 400 600 800 1000
0 1
20 | NS
_- .
g
E 10
g
g
260 |
=
(]
122]
80 f-e i i I
@ P hxis3D
] P re se nt Study
100 L=
(c) HH|

T8 13, HEsol ofgt ofMZat

a9 129 2% 139 Yehl ok ARk ATt 2
oo ujz} W}t R AHkgte Al AP oll= Schmert
mann¥} Hartmann(1978)2] 5}k A4 A8 2231 g
He 2851, UEY A R g2 E 03&
g3ttt siAdR2RE 2 AE B3 NdE 2
Abel A 2ol AUt 3xk -5k A8 A3} v

Bl r



40

80

120

Settlement(mm)

160

200

40

80

120

Settlement(mm)

160

200

0 200 400 600 800

1000

— Center |
— — — -Edge |
------- Corner
— - Single

(a) Plaxis 3D

Load(kN)
0 200 400 600 800

1000

Center
— — — =Edge

(b) 2 A9

38 14, BSEXIR| MH7IR0| ChE sHMHn F

slo] 2 23} glo] 7|2 840 AFES o238} &~ Q
Ak
Z} 712849 A|RE Ato|oflA] WAYSH= thakgt
Z4S ZAAH R & WA 4 9liex|o] o

72847 dE0R AMGEAYS AL
55 vasfEE & 4= ok

0] 7154 TEX A AH

A xje]of $IxEE gL 7
Aolr}. OHAM] R0 gto 2= 0355 24

grat 5

/\F&El W&

7h+ oz

=2 HE

£ BUE| ohF 3 FRRAsH oy

R olmey ol o BAe %s-u Agstseh

19 14@)°) Lpehd vhok 2o] Plaxis 3D T2IHL
o183 3 HIALHHE %}%«xm- :
§3} 7|2 A Y] 4B O
27] ZAAASE BAS 4 A B ok, /)3
VY WEIe TGl AP WE T

AN

o
N for

—
S

ol
o o rr kU

K

;

£

XX MBOIRS LAHE s 48F

Load(MN)
0 1 2 3 4 5
0 —_—
-0~ — Raft only (Phxis3D)
. —@—— Piled Raft (Plaxis 3D)
20 | N R%tﬁ Only (Present Study) |
Piled Raft (Present Study)J
—_ .
g
£ 40 S
g N
z N
2 60 | : N |
5 Yo |
“ AN \
I
80 SR AN
N
\ ! by
N\ N
100 - ——

% 15, YEAIK| HH7|E0| e siMEe F 7|=EH| AHS

Load(MN)
0 2 4 6 8 10
TN
20 e
ey O
g
Lf, 40
5
g
2 60 L
=1 1
Q |
5] i
80 |- _— N
—@— Phxis3D i N
‘ Present Study ;
100 B———————

3 16. LEXIX] MHEI|E M2 AS

B e Y
o ofgt 7)ol AR A AL 31 G
AT AP ST 4 9SS BelFn Yick

% 162 LEAA Y| E AR ABol et
TolL, 1Y 17€ WEO| HFETL WekE Lheh
Zolck. T AT xte] % AL SlolA A
AT} ol 7] 2ol O3 WE FWAuLe] ok
7o) o] ThashA BISHE o mEs A

f
2
iz
oy

o ot

0?~
i

}m

.I.
,.

Hed 2ol

1]
ro

o

Ay 91



100
80
&
< |
3 60 S
= |
: |
- 40 ‘
= !
Q i
— :
20 S
| —®— Plaxis 3D
\\ Present Study i
0 i
0 20 40 60 80 100

33 olof g Heto] BRFAXT olele AL <
A2 AR S22 4 7] gRe| 48H 2Ho

AHSHE B Gloias 2 BA} gl Ao s

i

o

3.2 71E0 JHLE HAMUHEDOl H|wEA

Poulos 5(1997)2 19 183} 7+ & Alo) o5}
of TheFet WSS M ZHE vlwete] wES v gl
o} o] diAlolA 7|2 Yol 718zl AA 52 12MN
ojm, TEo] A2 {2 7}zl 34 Vi, Vo= 212t
IMN, 2MNo|t}. & Atofli= o] of H2H U 34
HHE ol9o] W] AP E& SISt B dF
Bitel vlwatglom, sjAuHES A oy
Edgan

@ Poulos and Davis(1980)¢] Tha> v]AE 3|45

@ Randolph(1983)2] & A3 ajjAHH

@ GASP 2O E 0|83 A 9jof ¢l W7)
z A H(Poulos, 1991)

@ GARP TR o} g3 227 9lof < 7|
Z A9 H(Poulos, 1994)

® Ta%} Small(1996)2] S-8ta A

® Sinha(1996)9] G3ta AT} AAQAHE o)L
o Sdtef Ay

@ Plaxis 3DE o] g3t A4 3149 {3te s

PiletR T2 1WE o] 831 Axa] 9o 9] W]
2 HAYHERNDH 71edt4, 1999)

© & Ao 3

92 S=NPHSER=2d H23A Mi2E

}

B
2m
4V4uv_¢ i
Cl 1L ] e ey osues
1v‘?‘?v“?“‘Tw tm =0STIMN Compression

itm2m 2m 2m 2mim .

€, = £ =30 000 MPa v

v,_v,=\oi : ‘ ; I(m»sm

E= 20MPa
v= 08 i=10m
H=20m

d=08m

s3=2m2m 2m 2m

38 18. 7IE siMUSatel HinE flsi MEE ol (Poulos S,
1997)

st AA) Aste] gelagol
A glo] %‘Xé??}‘:h— 7HE 7] w2 Plaxis 3DE
o]-83} 321 5394 FA A1) AUk E-2- Hardening
-soil 2] t)Al Mohr-Coulomb R &2 ALg-8}4ch 18
19= flofl @A PHES o183 AT AES v
wsto] =AIFE Aojoh thE dAlEel A e
sAR T vias) & uf, & dAF-oflA A A =
23900 ofet AnAE AR B 2ol U
& o 4 glo0], 7EHSl Wol7] ST o] 2 B
B ool A4 ohl ST 4 slsick

® T2age gaale] Hew 4 oy guo
MY B4 TeSRAE, 72 e47e) ATAE S
Helqoz sjalste] wEe] i ol Fo| tiet AF7}
A wTH Hee) ofEe 4+ ks FHE 7T 9
o} 19 202 19 109] YEAR] Fes|E oAl dist
of TaSh Small(1996)9] ATFHIIE WHAA BHS017!
A8~ 322 73] FEAR(Finite Element Analysis of Rafts
with Piles; Chow and Small 2005) 2 7337} SHjAA
ZledFaolA ZIATE R AFeA =z 2 0
¢l PiletR=Z A3t Ao} 2 A-tolA gt =23
Uo s Aoke viLale] tehd ol 8F
SZol ¥e Aol ZE Y HAAT Xol7}
A, sgao] Foldes MEaa waRs)
) AoV 49 A A 2 Atk 52

SEAA A7)z ANE-S HetAaE2

mlo



50

Average settlement(mm)

10

Differential settlement(mm)
[\

Poulos & Davis

1.2

0.8

0.6

Maximum moment(MNm/m

Po ul(;s & Ijavis ‘

Randolph

(c) 71

=xfo

| o 2HE

Present St

i
i

80

Load on piles(%)
& 8

)
S
Poulo é & Davis

(a) L=

o siEEEE

38 19. 71F siMyiSel lwZat

= ST AT, A=

A2 ok A3}

d o
=
o=

HAE Ao wEo) F9

=
A8F

[e)

2 7t 9len, 1

0 2 8 10
0 —r
|
e
20 e —— —
—_
£ 10 N,
= \ NG
5 | [ . -~
=) N e ™,
2 60 | — N
h = \,
|53 | \,
w1 i A N
go | —®— PExSD 1 B
R
— — — —FEARS.1
PresemSmdyJ AN
100 = '

I8 20. MYEYSHA Z2OHENO| HiW

ol 7ol gt

re

AT AT FHE F 1ol

= =wollAe EEAA 7|z Ag3tE ¢

LA T2 aHe AslRon, 331y SEta s
A gl 7]E| A ARSIt vlaE B Al
A

4 9 A84e AFSh e 220

o5 4 Glick. 712 Awe Z2awstel v
A2 2% AE FAE B A7 PEE o8
AR |zl st HUlE O HEREE 5 4
A QRFEo] A G gloleh AL ZHgHoR o

S, A A L AT & Yt
ohL B9 EEAS Slo) SUH AR WS
Aol

ne
9
Pl
>

2
2
N
B
10
wx
x
i
0
o
N>
0f0
13
%
X
0Z
(3
2
(e
o
e
1
o)
w



10.

11.

12.

13.

94

il

L

Mo
ot

L lAAA TeATA (1999), FHEE ¥ 4P FIF Y

RIAE 7ot A E 14-97GE003, AN 7EdFA.

CAUAR VedTta 2008 TN, PEXR] HEolke] &

£3lo] #Agl 97 ATH 1A-06GE0S03, A 7|&AT A,

. Brinkgreve, R.B.J. and Broere, W. (2006), “Plaxis 3d foundation

version 1.5”, Plaxis B.V., Delft, Netherlands.

. Brown, P.T. and Weisner, T.J. (1975), “The behaviour of uni-

formly loaded piled strip footings”, Soils and Foundations, 15, pp.
13-21.

. Butterfield, R. and Banerjee, P.K. (1971), “The elastic analysis of

compressible piles and pile groups”, Geotechnique, 21(1), pp.43-60.

. Chow, H. and Small, J.C. (2005), “Finite layer analysis of com-

bined pile-raft foundations with piles of different lengths”, Proc.
11" Int. Conf IACMAG, Turin, Rtaly, 2, pp.429-436.

. Clancy, P. and Randolph, MLF. (1993), “An approximate analysis

procedure for piled raft foundations”, Int. Jnl. Num. Methods in
Geomechs., 17. pp.849-869.

. El-Mossallamy, Y. and Reininger, M. (2005), “Innovative appli-

cation of piled raft foundation to optimize the design of high-rise
buildings and bridge foundations”, 11th Int. Conf IACMAG,
Turin, Italy, pp.451-458.

. Franke, E., Lutz, B. and El-Mossallamy, Y. (1994), “Measurements

and numerical modelling of high-rise building foundations on
Frankfurt clay”, Vert. and Horizl. Deformns. of Foundns. and
Embanks., ASCE Geot. Spec. Pub., No.20, 2, pp.1325-1336.
Hain, S.J. and Lee, LK. (1978), “The analysis of flexible pile-raft
systems”, Geotechnique, 28(1), pp.65-83.

Kondner, R.L. (1963), “Hyperbolic stress-strain response:cohesive
soil”, Jnl. Soil Mech. Found. Div., 89(SM11), pp.115-143.
Kuwabara, F. (1989), “An elastic analysis for piled raft founda-
tions in a homogeneous soil”, Soils and Foundations, 28(1), pp.
82-92.

Lee, LK. (1993), “Analysis and performance of raft and raft-pile
systems”, Keynote Lect., 3¢ Int. Conf. Case Hist. in Geot. Eng.,
St. Louis (also Res. Rep. No. 133, Aust. Def. Force Academy,
Univ. NSW, Australia).

. Newmark, N.M. (1935), Simplified computation of vertical pre-

ssure in elastic foundation, Circular 24, University of Illinois

Engineering Experiment Station, Urbana, IL.

. Ofttavianni, M. (1975), “Three-dimensional finite element analysis

of vertically loaded pile groups”, Geotechnique, 25(2), pp.159-174.

. Poulos, H.G. (1991), “Analysis of piled raft foundations”, Comp.

SIoXPtESel=2d HN23d H12&

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

—_

Methods and Advances in Geomechs., Ed. G. Beer, J.R. Booker
and J.P. Carter, A.A. Balkema, Rotterdam, 1, pp.193-191.
Poulos, H.G. (1993), “Piled rafts in swelling or consolidating
soils”, Jnl. Geot. Eng., ASCE, 119(2), pp.374-380.

Poulos, H.G. (1994), “An approximate numerical analysis of pile
-raft interaction”, Int. Jnl. NAM Geomech., 18, pp.73-92.
Poulos, H.G. and Davis, E.H. (1980), Pile foundation analysis and
design, New York, John Wiley and Sons.

Poulos, HG., Small, J.C., Ta, L.D., Sinha, J. and Chen, L. (1997),
“Comparison of some methods for analysis of piled rafts”, Proc.
14th ICSMFE, Hamburg, Vol.2, pp.1119-1124.

Randolph, M.F. (1983), “Design of piled raft foundations”, CUED
/D, Soils TR 143, Cambridge University.

Randolph, M.F. (1994), “Design methods for pile groups and piled
rafts”, Proc. 12* Int. Conf. Soil Mechs. and Foundn. Eng., New
Delhi, 5, pp.61-82.

Randolph, M.F. and Wroth, C.P. (1978), “Analysis of deformation
of vertically loaded piles”, Jul. Geot. Eng., ASCE, 104(12), pp.
1465-1488.

Schmertmann, J.H. and Hartman, J.P. (1978), “Improved strain
influence factor diagrams”, Jnl. Geot. Eng. Divn., ASCE, 104
(GT8), pp.1131-1135.

Sinha, J. (1996), Analysis of piles and piled rafts in swelling and
shrinking soils. PhD Thesis, University of Sydney, Australia.
Ta, L.D. and Small, J.C. (1996), “Analysis of piled raft systems
in layered soils”, Int. Jnl. Num. Anal. Meths. in Geomechs., 20,
pp.57-72.

Vesic, A.S. (1961), “Bending of beams resting on isotropic solid”,
Jnl. Eng. Mech. Div., ASCE, 87(EM2), pp.35-53.

Wang, A. (1995), Private communication, From PhD thesis, Uni-
versity of Manchester, UK.

Weisner, T.J. and Brown, P.T. (1976), “Behaviour of piled strip
footings subjected to concentrated loads”, Aust. Geomechs. Jnl.,
G6, pp.1-5.

Yamashita, K., Kakurai, M., Yamada, T. and Kuwabara, F. (1993),
“Settlement behaviour of a five-storey building on a piled raft
foundation”, Proc. 2™ Int. Geot. Sem. on Deep Foundations on
Bored and Auger Piles, Ghent, A.A. Balkema, Rotterdam, pp.
351-356.

Zhuang, G.M., Lee, LK. and Zhao, X H. (1991), “Interactive
analysis of behaviour of raft-pile foundations”, Proc. Geo-Coast
91, Yokohama, 2, pp.759-764.

(AFYAE 2007, 10. 17, AATEEY 2007, 11. 28)



