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YODTAWAN RAKSAROM : ANALYSIS OF MAT SETTLEMENT FOR
HIGH-RISE BUILDING WITH 3D FEM. THESIS ADVISOR : ASST.

PROF. PORNPOT TANSENG, Ph.D., 141 PP.

YOUNG’S MODULUS/ SETTLEMENT/3D FEM/ DIFFERENTIAL

SETTLEMENT/ BENDING MOMENT/ STIFFNESS

This thesis presents results of the research on behavior of mat foundation of
a high-rise building. The force from super structures, pile load test on bored pile of
1000 mm and 1500 mm, and settlement monitoring from starting of construction until
the end of the construction were recorded and analyzed. The settlement character of
mat is dish shape with maximum settlement at about center of the mat. The observed
settlement is about 6 time higher than the settlement from single pile load test at the
design load. Therefore, the research focuses on back analysis procedure to obtain
appropriate Young’s modulus by using 3D FEM program PLAXIS 3D which the data
from the pile load test results was found that the obtained values were lower than the
back analysis by foundation settlement. This research studied the stiffness of piles for
the analysis of high-rise building structures. It was found that the stiffness of each pile
were unequal, which were low at the middle of the mat and more around the edges of
the mat and modulus of subgrade reaction should be added below the mat for
simulations in ETABS. Hence, the mat can help the piles to support the load from the
superstructure. the research studied the effects of the pile configuration per settlement
and bending moment in mat by using join analysis between structural analysis
programs ETABS and PLAXIS 3D. It was found that the pile configuration which

variable pile length can reduce the differential settlement within mat as much as




40.8% and reduce the bending moment in mat as much as 56.3% which makes the

foundation construction more economical.
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House 1: Conventional foundation
{211 piles, 28 m long)

House 2: Settlement-reducing piles
{104 piles, 26 m long)
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Term Symbol Unit Sail Piles
Young's modulus = MPa 1454+ 175z 30000
Poisson’s ratio v - 0.25 0.2
Coefficient of Ko - 0.5 -
¢arth pressure al rest

Slope of yield surface F B 2 37.67 -
in the p-t-plane

Intersection of yield d kPa 42.43 -
surface F; with the t-axis

Shape parameter K - 0.795 -
of yield surface F;

Shape parameter R - Q.1 -

of yield surface F,
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—d— canter pile: piled raft
—y=—corner pile; piled raft
~@— single standing pile
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3 1 2.9 ANUANAUTIZHI distribution pile load tag the skin friction along the pile shaft

(Katzenbach, 1998)
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m
Z Rpile,k,j (s)
_J=l
aKPP - 2.1
Rtolal k (s)
A
$V13}
a xpp = Pile Raft Coefficient

m
z Rpile,k,j (s) = Summation of Piles Resistance

j=!

Rigial i (5) = Total Piled-Raft Foundation Resistance

m

Riotal i (5) - z Rpile,k,j (S)+Rraft,k (s)
j=1

Rraft, k (s) = Raft Resistance

1N3UN 2.10 tag 2.11 W15 piled raft coefficient NUAUNINY 0.4 D9 0.7 9zHe
settlement reduction 15E118 55% UaLIBINY total pile length n(l/ D) 310 0 4 500 =M
settlement reduction ﬂijigﬁ’jﬁ 55% D4 85% taziioiiy total pile length n(l/ D) (110U 2000

WAWNTDANVUIANMINTAR 1158 90%
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3 U1 2.11 ANUFURUTTENIN settlement reduction A1 the total pile length (Katzenbach, 1998)
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Bearing capacity of raft = 0.3 MPa
Load capacity of each pile = 0-873 MN (compression)
=0-786 MN (tension)
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U7 2.18 ANYAZMINGAAIVBITIUTINA UINUHVOIAN Messe Turm Towern (Reul, 2000)

Tamaro (1996) laaAnzdeanuiull1dlumseonuuuuazmslFnuvesszungiv

I 1 P ~ ~ 1 =
TN UVNLN Tﬂflllm‘ﬂiﬂﬂmElijﬂimj]uﬁﬂE]'lﬂ'li’sjj’ﬂi%‘]ri’ﬂﬂ@ﬂ Messe Turm iag Commerz

4 [ < 1 <3 ngz} a
Bank gﬂi%ﬁﬁﬂﬂ?i@@ﬂuﬂﬁﬂ]?Ni%‘ﬂ'ﬂﬁ11!5”Iﬂtﬁ1!,“'|13JL!NLLﬁ$iWui”lﬂLﬁ'lL"Ulll,L‘UﬂﬂﬂlﬂiJ

9 v
a1 Taodoyaveitaesernsdsl dwmsen 22 MinmsulSeuieunossungiv

[ A o 3 A Y ' < ng a 1
i'lﬂl,ﬂ'll"llllLLWZJ%'IH'JHLE‘T'IL"U?JTIH'E]EJﬂ’J'Iﬂ'Ii'E]@ﬂLL‘LI‘]Ji'I‘L!i'IﬂLﬁ'lL"]JiJIﬂﬂflﬁﬂ\uﬂﬂ’ﬂgﬂigﬂﬁu

ATINT LagranInnsasIiaminiadivesgiusninnulndifesiuranisinszed1a

o Y k) =\ a A F2 o a A Y
UIn ‘VI'lvl‘l’iﬁ'lui'lﬂl,mziﬂ5Qﬁi'lx’lEl'Iﬂ'Iifjl\'i3J‘Wi]G]ﬂi5ll‘VIﬁ@ﬂﬂﬁﬂﬂﬂﬂWﬂ@]ﬂiiﬂJﬂi%iuﬂTi

E4
' o o a < a v A
RRINIYIM Lmﬁ'l"l’ii‘ﬂNaﬂ'li'}]l,ﬂﬁ'lgﬁﬁgﬂﬂi'lui'lﬂlﬁ'lﬁluiﬂﬂ?%tlﬂﬂﬂﬁlﬂ%ﬂlﬂﬂﬁﬂ Commerz

Y v
Bank tiuldnimsniadangeniwanisasiaianin



24

{ 1 < 1
A1519N 2.2 @n'i’l\ulﬁﬂﬂsfl)@yﬁﬂ'li!ﬂgﬂﬂlﬁﬂ'ﬂigﬂ'ﬂﬁﬂTiGlGIBfI'ig‘]J‘U;@WU'i'IﬂLﬁHGUﬁJ!LNllﬁ$'§$ﬂﬂ

< us/' a
TIUIINEUVVLUUAUAY (Tamaro, 1996)

Quantity Messe Turm Tower Commerz Bank

Total load (MN} 1 K80} | 3(%)
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Pile diameter (m) 1.3 L8 (upper 28 m)
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Pile length im) 160.349 45
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Measured settlement (mm) 115 iv

Raft thickness (m) 6 (10 3 atedge) 4 43 beneath cores

28 between cores
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for individual piles original ground surface

— — —
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2.2 INBWAHOININMIIANIMUHUIE TN

o a <3 1 4

Randolph (2004) 1A1MIANEINGANTTUVOITLVUFIUIINEUVNLAH 1HD9910N150 5
@ o 1 @ < o [ <3 1% 1 ]
AU AMHUINITIANUAUIN,  DIUIAUTY, AINOVUTUIN HAZDAITITIUANINUNT
5YUINAUAUFIUIIN (raft-soil stiffness ratio) eldusansziwuy liminaue (nonuniform)

a 4 a I a 4 ana a a

Taens1erane33 I lundawuduuuainiia TasAulnganssuuuy elastoplastic  1ay
a a a Y . ! !
NANTUINYANTTINAUUVVTESIZY1INIY drained shear parameter ¢ UDL f Iﬂﬂﬁqﬂ
1 a o~ 9 a Jd o ~ 1 a a ~ o
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E =45+ tanh

+1 0.7z (2.2)
15

~ 1 a s 9 a 4
M3NN 2.3 agUamaiiwesnlgluniAiaszy (Randolph, 2004)

Parameter Soil Raft Piles
By By Fig MPa Hq. (1) 34,000 30,000
Vi, Yy, Yy 0.15 0.2 0.2
v’ kN/m? 9 15 15
K, — 0.72 Q=0 5" — —
0.57z=25"

: 9 20
o kPa 20 — —
K — 0.795 - —
R 0.1

1]

z=meters below surface of tertiary lavers.

Y @ <3 o @ a '
ANHUSUDITIUIINUATNITIAINULT UUY uléﬁ/l”lﬂWiﬁﬂ‘kﬂﬂﬂHﬂ!WLﬁB"U@Qﬁ1u§1ﬂLLWLm$§1u§1ﬂ

[ 9

wudund Tasgusngildvasusaianie 3 was Taefgdunuvesmsianaeui 3
Uszian fagil 2212 Falsznnmstansdumdaauduunud 1 ssfimuiuniznedod
aihuauenaoaldgiuan mssarsdumiaaudunnud 2 eefiandunmzluuinuna
10491431018 core loading M3taMeR U dNIVLT 3 aefianduluninanaies

Aa % J o < '
31510714 core loading tazlivinmveuveIgUsIN Fagusynlszmniiliiumaniveg
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a) Pile configurations b) Load configurations
; B Pile configuration 2 Pile configuration 3 38 m
i S S R e L R R Total raft area:
L 5 . F J  A=1444m?
L Siaanee . BE L o .
s sessnns ssssnse Iﬁom
e e a8 - (N N NN NN | l [
. o g “31.0m
— +|fs- s & s s s s 4 s & = = =
s 4, n=49, s=3d, n=73,s=23d, T
l:'l!e. t:c:n.ﬂ ,gt“:afl ?l: :' —— s Loading area core: Loading area edge:s
fssnrassvnied A= 361 m? A= 24x1 m?

[ Pe P., Loadty

pe L:
: i = rimnn e i ol
::::::::::::: . s s . * s = i pal'Ac=pq.r'A-

IIIIIIIIIIIII - [] - [] [} - -] L n:
n=169,s=3d, n=16,s=6d, n=40,s=6d, - pffi",‘;::‘. A

o - - . - | - - - L L | p.,ﬂ = 0

- - - L] - - - o . p.. pﬂl Loadlypa m:

s « s 8 = o - . e & . m m P, = Pise A,

. - - L] - - - . - - - - - - - | pq.l.].l = 0

- - - - - - - o o p]‘I =

L] . L] L] L] - L] - L] - L] L] L] L] I I I 1 I I I I 1 boadwpe IA‘"
n=49,s =6, n=9s=6d, n=233,5=6d, e P

51U 2.21 gauvugmsinuazlssnmiminnszain (Randolph, 2004)
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AS* [] Uniform loading (Loadtype V)
1.0 | —at— V,/ P, = (elastic)
:\.\ —a— V,/P,=10
e —%— V,/P,=5
06 : Core-edge loading (Loadty_pe 1)
- N 2 — & — V, /P, = (elastic)
04l “\k — = V,/P,=10
:\‘\ N |—*- V./P.=5
0.2} e <
| S

gﬂﬁ 2.22 AN’ Nﬁufﬁ%ﬁ’jﬁ normalized differential settlement N1J raft-soil stiffness ratio

(Randolph, 2004)

ult

Pefr

Ds

Ds

rs

ultimate capacity of vertically loaded unpiled raft

effective applied load caused by superstructure and raft

differential settlement defined as differential between center and
midsidesettlement

differential settlement unpiled raft

normalized differential settlement

Ds

Sy

raft-soil stiffness ratio

2
E 1—v; (B0 )

5.57———">| — -
Eg1—vi\L L

normalized bending moment per unit length

m

T
bending moment per unit length

load caused by superstructure
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32UV IMTINUA 910317 2.22 WU normalized differential settlement 9zv1AAARS
wnaeduguéiilornaves rafi-soil stiffness ratio Ay 1uﬂﬁﬁ§mimuwmﬁuﬁ'mﬁﬂ
nsshaaueluiszianii 4 M3fi normalized differential settlement JA1aAauilowiy load
level ifioannuSnaanldvevveagunniiamadeglansivinalvgnhsnuasanan
UVBIFIUIIN ﬁ”lllﬂijﬂ”liaﬂa\ﬁlﬂﬂ normalized differential settlement 1AR1 1% average settlement
Lﬁuﬁmﬁmmﬂﬂmﬁagﬂmai f?m'S?”‘Uﬁymﬁﬂﬂizﬁﬂuu?nmmauuazﬁ'auﬂmwmgmim
meldiminnsziimlsziani 1 Sanunlsisuile rafisoil stiffess ratio TvinaTeen
0.04 gana 19 YU1AVD4 normalized differential settlement Lﬁusﬁugﬁmﬁ'u load level ¥ 19318

siamsTuuSnavevvesgusn lulasudninariiown raft-soil stiffness ratio NiATouit

T msniinny flexible Ransidesdluusnaasinangmsnunnige T minnsyi
nszimuy lijaduauefii1fifa nomalized differential settlement ﬁﬁmmﬂqaﬂ’m{mﬂ’ﬂ
nszimuuasiaueludszianii 1

Lf]’t)ﬁﬁﬂiﬂl"l Normalized bending moment per unit length aszi lunihda A-a Tu
NANWUUIANVUNY X ﬂ1ﬂi&lﬁiﬁﬁﬂﬂi$ﬁ1ﬂimﬂﬂﬁ 110z 4 1a8 raft-soil stiffness ratio
@eaiu 0131 2.23 numeldimitanszinlszani 4 derity oad level vz7i11%

v ' P4
negative bending moment per unit length RGN TR AT,

Uniform loading (Loadtype IV)
Sl N IA| —a— V. /P, =« (elastic)
m X | | —— V.IPL=5
0'05_ B 44 Core-edge loading (Loadtype 1)
—a— V,/P,=x (elastic)
0.04
= vut;Pi|=5
.4
0.03 ® i
2 .
4 N
/ \ ]
0.02 p s b —

0.01 7 i\\\’Q\\

511 2.23 normalized bending moment per unit length TutuI3IAAYIIADALNY X

(Randolph, 2004)
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@151 Normalized bending moment per unit length Y0IF1UITIN IATNINAAVIN A-A
cy o o { a @ o 1 <
moldiminnsgiilsznnd 1 uag 4 TagRnsandarnedunusvesduiunnlszian
= = @ = ] . . . = o @ A J Y
FeuMeununIaigIuIINuH 1ag raft-soil stiffness ratio 18U G931/ 2.24 Wu181dus
o { < @ ] ° 1 1 [
asgilszanni 4 i@ niunszaredlednainaueuuldgiusin wod liawisosieana
o R o oA @ ] 1 [ o ] < {
Tuudsaglinaansnaeandesiugiusinu ua lumssansduriaaniniszinni 2 3
I~ a 3 < 1 Aa v @
iz lunTnanavesguinld core loading HugmusnElutHnansuaudalu
A v < ~ A . . A
TIﬁVINﬂa"IEJgﬂmﬂ uaziuuiaved luwuaniiluay (negative bending moment) qUND
~ = Y 1 Y o ~ [ o ] [
Feumeunugunnud tazaeldusinsgimlsznnni 1 msdanedurusauinlsznon
A S ) @ @ ) ] <3 ~ 1 Y
7 3 nsoaa Tuuuanduavtasdmsumsianad s @ uidndszoni 2 dawald

A o 4 @ T
Tuwuanilvavgadomoniugusnue

Unpiled raft, V., [P, = 20

Unpiled raft, V. /P, =5

=0 = Pile configuration 1, n =48,V /P,=20
Pile configuration 1, n =49,V /P,=5

o

—m -
g_orgi,,{i,_ —¢&— Plle configuration 2, n = 16, V,, / P, = 20

—$— Pile configuration 2, n= 16, V. /P,=5
9'025;_ —a—  Pile configuration 3, n = 40, Vi, [ P, = 20
0.020F— —a— Pile configuration 3, n =40,V /P,=5

0.015F

0.010F

0.005F

0.030

0.020

0.010

3191 2.24 normalized bending moment per unit length TAEANAAYINVUIUAVUAY x

(Randolph, 2004)
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wSeumen
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melaglumimiinsziunazilszinn (Randolph, 2004)

Load level
Load tpe Differential Settlement Positive Bending Moment
Vaud/Pesr
20 p2,n=16, Lp=30m, tr=1 m, 0 mm | p2,n=49, Lp=50 m, tr=3 m, 0.199 MNm/m
: 5 p2,n=16, Lp=30 m, tr=3 m,2 mm | p2,n=49, Lp=50 m, tr=3 m, 0.760 MNm/m
20 p2,n=49, Lp=50 m, tr=3 m, 7 mm | p3,n=73, Lp=50 m, tr=1 m, 0.640 MNm/m
? 5 p2,n=49, Lp=50 m, tr=3 m, 25 mm | p2,n=49, Lp=50 m, tr=1 m, 2.828 MNm/m
20 - p3,n=33, Lp=30 m, tr=3 m, 0.183 MNm/m
’ 5 - p3,n=33, Lp=50 m, tr=3 m, 0.488 MNm/m
20 p3,n=73, Lp=50 m, tr=1 m, 0 mm | pl,n=169, Lp=50 m, tr=1 m, 0.065 MNm/m
! 5 p2,n=49, Lp=10m, tr=1 m, ] mm | p2,n=49, Lp=50 m, tr=3 m, 0.273 MNm/m

\ | d’ . | [~

23 DNTWAARFIUIINUAILBIDINMIINHNILYSHIIVBAUA U

. Y o = [ ] a ~ 9 o

Mali (2020) Tadmsaneigiusinaaundludumiioameldusansziwmaz guuu

~ ' v 9 ada I A J an a A a .
Y0931U51InALANA1AUA2035 I luidawuanuuea i Tasaulinganssuuuy elastic-
perfectly plastic 1at1¥Mau7v89 Mohr-Coulomb Tunsiiizinginssuvesdumiloisou

a < z 1 a v o 09’ T a

uazdumiloadieneluszeznardulashifansdadamenit Tasaglaiwiniwesuas
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anauian 14 lumsiaIIzy a9915199 2.5 1ag 2.6
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~ [ a o vaa 9 a 4 .
M131N 2.5 ﬁqﬂmwwammE)mazﬂmﬁnmﬂﬂummmﬁwﬁ (Mali, 2020)

Material Properties Unit Value
Soil Unsaturated unit weight, .., kN/m* 16
Young’s modulus, E_ MPa 25 (Soft clay)
82 (Stiff clay)
Poisson’s ratio, v, - 0.495
Angle of internal friction, ¢ o 0
Undrained cohesion kPa 25 (Soft clay)
80 (Stiff clay)
Raft Young's modulus, E GPa 25
Poisson’s ratio, v, - 0.25
Pile Young's modulus, E, GPa 25
Poisson’s ratio, v_ - 0.25

A1519% 2.6 %’auﬂammgmﬁmmﬁum (Mali, 2020)

Parameters Unit Value

Raft width, B, m 45

Raft width, L, m 45

Raft thickness, t, m O.5m, 1.5, 2"
Number of piles - 49

Pile length, Lp m 30*

Pile spacing, S m 3405, 6,7
Width of pile group, B, m 19, 25, 31, 37, 43

{Corresponding to each Sp)

Pile diameter, d_ m 1

* Indicates standard value if not varied.

! v o ' < ] uszl Y
i]"lﬂgﬂﬁ 2.25 Llﬁﬂ\‘]aﬂielil!86116Qlliﬂﬂigﬂ?@]@ﬂﬁﬁﬁﬂﬁu"lﬂll!Njﬂﬂﬁlliﬂ‘ﬂ\uﬁﬂﬂigfﬂ”lﬂﬁﬁ
adueuenUNTINTZRILUDYA A15199 2.7 oFuedeanyuzv0IMIHlHUAINEIV

< =1 3 9 1 ~ < 1w ~
wudn Tauinvvaavlsznn "l,mm Usznnn 1 ANVYTUTUVUININU, Usznni 2 anw

o { <
Y1UFUVULDD W-Shaped !,Lﬁzﬂimﬂ‘ﬂﬁ 3 ANUYAUFT UL V-Shaped
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g=150kPa Each Point Load = 6,199 kN
YY¥Y Y ¥YY YW LR lllllll
[ ]
LC1 {UDL) LC2 (EPL)
, @
= - = P, Pi: Pua Py Pas Pie Py,
et SR e R PP P P R e
T I e B, B P Phgaabogay ! P P
¢ ¥ gty b ¢ IT""'? : PU'? ‘_Ph Payd +Fy
T Y s Py SLL 4P Pyp  S12 3Py Pud 513 +Pa
SRt I R o L tBo P *P
i I-.---B--g---n---ui + z . ] P‘sﬂn--ﬁn--h--ﬁ- -dP P:r.i +P.-.:
.l....a_.ﬂ_.g,_..ﬁ_._g,_..i) B PH Pn PE 21 P .}..4-..;._.,_..‘._.4_.,;
54 ¥ PuPiy Py Bis Bu 2
YY Y Y ¥Y Y ¥YYVYYY WY WYY WY WY ¥y Y'Y ¥YY FYYY
Ii
oe ¥ o

PRCI(a): Np=49, Li=1470m PRCL(b):Np=49. L =1470m PRCl(c} Np=49.L=1470m

VL '

PRC2(a) Np=49, L;=1470m PRC(b): Ny=49, L,=1470m PRC2(c): Np =49, ;= 1470 m
(o)

~ o ] 129 Y Aa P b
?J']Jﬂ 2.25 aﬂ1%]m3GU@\iﬁ’]ujWﬂlﬁ’]lijHW(ﬂGl%1Uﬂﬂljglﬂj13” (Mah, 2020)

M13199 2.7 ANV A UTHUDIN 3 UTIN (Mali, 2020)

Name and no. of piles, ¥, Pilelength, L (m)

PRCwith uniform pile lengths PRC with *“W~-shaped pile lengths PRC with “V~-shaped pile lengths

P, (1 pile) L,,=24.46 L,=37.19
PP, (& piles) 5 L,=11L,=2691 L, =,01.1=3381
P,~P,, (16 piles) Low=1.11, =29.60 Lo=1,,/1.1=30.74

P,.—P,. (24 piles) Lo =114 . =32.56 L, =1 . f1.1=27.94
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519 2

R

3

1

=
N

200
— - Soft Clay, PRC2(b)
150 | _ 4--=--Saft Clay. PRC2()
"M Saft Clay. PRC(c}

Differertial settlement, 77, (mm)
T

Pilz spacing, 5, (m)

1= = = saft Clay, PRC (L)

-==== S0ft Clay, PRC1{a)

— — Saft Clay. PRC1{c)

(a)

- 200
E - 4 = Suft Clay, PRC2{h)
G150 b --@-- 5ntf Clay, PRC2{(a)
| = = = Suff Clay, PRC1{y}
2100 4
'% #- a- Sull Clay, PRC2(¢)
7_":- ==i=== S0fT Clay, PRC1{a)
2
% — — Stiff Clay, PRC 1{c)
2 0

3 4 5 6 7

Pile spacing, S, (m)
(b)

P
BiIe 2hacm " ()
2 1 Fl °

1000
3000
Y

1000

SE1000 [
2000
eano -

st st zuibnsd el

- = RHILCITA

-4=-- 21 19
Lo MO
Ssegm == 2UL C190
B

R Cy BT F o
g 2L C]

R -l S 7S

000

()

-

0
1000
3000

3000 4

Eq000
2000

Qono

et dusinon gaibnsd wurmizeld

i

] ‘
- - PO} C |90

— = RO} ClEE
- 200 (]9A°
~mme 201 C ]9

- w- 20} CJ9K
y

y
——#-- PO} CJ88°

bECI(C)
bECI(9)
BEC3(C)
bECI(P)
BEC3(Y)

BECIP)

bEC.I(€)
bEC.1(9)
BECI(P)
bEC3(%)
BKC3(9)

bECI(P)

v W 1 ] 3w Y
2.28 ﬂ’JTNﬁﬂJWHﬁig‘H’J'Nﬁzﬂ%ﬂN‘U@QLﬁTL"UﬂJﬂUIﬂlﬂuﬁﬂﬂq\iq@

(Mali, 2020)
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Hard clay 35-45 150000 | 0.495 19.8 - 300
2" sand 45-55 200000 | 0.25 20.1 36.2 -
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E,=MxS, (2.12)
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E,=240-12008,

Duncan and

AUAVIAVOIAUIHHIIDOUNTUNNA

(E,= 650-750S, @131
SCC)

Buchighani PI = 40-63%, OCR<3 (Tonyagate, 1978)
E =300-6008, NAVFAC.DM.7.1 | AsteruavoIaunileIo o unganme
(1982) PI = 40-63% (Tonyagate, 1978) lagii
AaEUAvDIAY OCR<3 (Obchittikul, 1989)
A1 30<PI<50% 1azA PI<50%
E =500S, Tanseng (1997) | Back analysis parameter 113 mmﬂ;ﬂﬁuﬁﬂ
Tag s uina Flexible wall
E=2000S, Judfe (1999) | Back Analysis 1o laszuslsuioad
aniiso Idhlddunganna
E,= 4805, JufenazFua@l | Back Analysis iunoas1ag Tusase Tuih
(2001) 1AAUNFUNNI 529 Strain 0.1-1.0%
E,=1000-1100S, JusonazF5Wus | Back Analysis :1unoailaezuslsuioad
(2001) aniisa Wi ldaungunna
E = 6007005, ugnt (2546) | Back analysis MszUURmmetuAUd MY

a 4 ' T a3 :l 9
ﬂTiﬂJﬂﬂulWAi’]ﬂi’]ﬁ%ﬁ\?ﬁ'ﬂlﬂ‘ﬂlﬂﬁTi@ﬂ

T5aThndanudousiuiaios

{ v o J 1 1 1 3,' a 1
A15197 2.14 ANUFUWUTIZHI19A1 Elastic modulus Liaz S, %uwumﬁmaaunqqmw

(1976)

sinua UL 81909 N8I
E_ =250-5008, Bjerrum (1964) | S, =Undrained shear strength unconfined
compression test or Vane shear test
E, = 35008, Cox (1973) MINMINATOUMINIAAIVOIAU TUD LY
su1j5 —1hnme Tag s, fannAundeveiy
fusouiiqa
E =100-5008, Duncan and Buchighani (1976) OCR < 3
Buchighani (Tonyagate,1978) 31nn1inaaoy C, - T,

ABYNVDIDUUVIU- D52
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{ v o d J J 1 qa; a 1 1
A1519% 2.14 ANUFUWUTILHI19A Elastic modulus LAZA S, “Buﬂu!ﬂﬁﬂﬂ@fJUﬂﬁ;\‘]LﬂW (919)

siuuaNudTuT 81909 UGN

E =125-300S, Parnploy (1985) | S, ,, = Uncorrected Field Vane Shear
Strength
S, = 1891nM3INATOD Vane Shear Test

E =70-250S, ., Balasubramaniam Lﬁ'ﬂ S, 1) = corrected Field Vane Shear

E,=100-1508, g (2529)

E=42-162S ., Brenner (1987) Brenner (1987) Lﬁﬂ PI=80%

E=1508, Bergado et al. Bangkok Clay Lﬁ"é) PI>50% DINMIANEING

(1987) NIAAIVOIDUUAIGVNUI-U191 5209 910

WTIAR 309AA10N19 55 N,

E =150S, Tanseng (1997) Back analysis parameter ﬁ1ﬁ%ﬂd1uﬂgﬂau§ﬂ
TaelFiumesz Uy Flexible wall

E =250-500S, Tanseng (1997) Back analysis parameter ﬁ1ﬁ%ﬂd1uﬂgﬂau§ﬂ
Taal¥unaseuy Rigid wall

E =5008, Tue (1999) Back Analysis 1dneaselaezuvlsuioad
aofiso lvh1daungumne

E,=2408, JufenagFuqal | Back Analysis iunoas1ag Tuenso 1nih1d

(2001) AUNTUNNA ¥ Strain 0.1-1.0%

E =120-180S, UGN (2546) Back analysis 11432V UAMNINUAUTIHT
mﬁmﬁuLﬁﬂﬁ@ﬁ%’ﬁﬁmﬁuﬁwﬁﬁm
TsaIrldhwasanudousauiios
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Y 9
dmsurudumiion mmassuusaneunuy biszuie (s) aunsamld
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S, mnmimﬁ@uuﬁﬂﬁmmu”lajgﬂmﬁﬂ (Unconfined compression test, g,) NIOHMININANNT
v o d .. 1 1 o A = o o 4
ANVFURUTUDY Empirical 3¥M319A1 SPT-N 11 S, fiterue Tag A51iun dgilnsal (2526)
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<] (L o A A 1 . A d? Y 1 a 1 Y a
Wiy lugaamsmouanauion Shear strain 1WNAY TagInseaiauaazrianolding
=S A dsz} [ Y ] ~ dyw dy Y I3 v Y a va
anuaseamouu liminu degli 2.53 wennniidsd liruimanaaeuludel§ians
Und ldansaldszylugaamamoulugiiimannunisameud 14 1Hies1nanuaziden

@ 1

Y0UAT0IDIATeIINTzHINgUnsainUAIPd1uaNATeY LA NaALiBIINMTIANsgUAIUeN

] ]

o A

@ ! Y Ao w A ' Yy v 2 a
AIDYIN TﬂﬂiﬂiﬂﬁiN‘1/]ﬁ]”lﬂﬂﬂﬁLﬂﬁ@u@lm@ﬂﬂwaﬂiz‘ﬂ‘ﬂ@@Iﬂiﬂﬁiﬁﬂﬂﬂ!ﬂﬂﬂ%glﬂﬂ

v
1A

~ A d'é = [ A = Y ad a
AIMULATYAINDUNA "]NI?J?;]E]ﬁﬂ13&ﬂ0u%3%ﬂ1ﬁﬂﬂ31ﬂ%$%ﬂﬁ@U‘lﬂiﬂﬂi‘ﬁﬂﬁﬂﬂﬁﬂﬂﬂuu‘ﬂﬂ

1na



64

Typical strain Ranges

-] Retaing Walls
---}«>| Foundations
>t *—> Tunnels

Stiffness G

) ) ) ) ) ) >
0.0001 0.001 0.01 0.1 1 10
Bender Shear Stress [ | , %

LResonant Coulomn .
....... o Local _ 5
-o—Special Triaxial >
______ (Gonventional |

A v o 1 @ A @ =) A .
gﬂcﬂ 2.53 ﬂ’ﬂllﬁll“l/‘lu‘ﬁ‘i$°Vi'JNIﬁJ@ﬁﬁﬂ']ﬁm@uﬂUﬂ'ﬂlllﬂﬁﬂﬂm@u ( Mair, 1993 )

Teparaksa (1999) l@s1warunanmsnagevadiuauesaulaely Self-Boring
1 Y 4 = 3‘ a o [ 3 a = 1
pressure meter lunsneda319g lavase liihao @ity dusuduaumiierceunas

a ~ < Y ~ = Y a ' = A o Y
AU UYILU ﬂﬂgﬂcﬂ 2.54 allng 2.54 b "]Nﬁ"]ll15ﬂ'Jﬂ‘ﬂ']?f@]V‘IL'Llﬁiuﬂf?ﬂﬂ?TNLﬂiﬂﬂlﬂﬂu@1qﬂ
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(a) Tor soft Clay
1250

1000

(€A%

0.01 0.1

Shear Strain (%)

A v A a Ay ¥ . A
zﬂ‘ﬂ 2.54 T;u@aam@ummﬂuﬂgqmwﬂﬂmﬂmsmaau Self-Boring pressure meter tND (a)

o v A ~ 1 v A ~ 3 A
AUNITUAULHUIIDOU (b) ATUITUAULH UYLV ‘VILE‘T‘L!@I@EJ (Teparaksa, 1999)

267  maulszansussaudumudnaada (K2)

Aan a < 1T W A v A a 1
Asund Nerwels (2541) auaasldmiunduilseansussduaududnatan
a 4 1 1 4 I a L
1Hlumsdasgnnuuniiensessay azldar K iflesamiunisaunsigvlunsdl Total
& 5 g 1 1o o 1 T W a [
stress analysis 93 niudvaa s/ Tagliduiludos input A1 2 Tesmiduiszansusedu

a a o 1Y {
AuAUIg K2 Tumsinsiznu lannanns K aeaunis 2.15 uag 2.16

' (2.15)
SV

—h_—0%w _— (2.16)
Sy Syt
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4

% A v A 9 9 a S
AU aNFUTIAUAUMUU UV EDA K,=

Jd o

Wuiladsuvesar ocr Tae

"]
2.

<~

amnsniszidium K, A20auN5UY Ladd et al. (1977) Aeaun1si 2.17

(2.17)
d' A % a Q‘{ v A Y 9 a a = v @ ]
o KO(OC) o FUYT2ANTUTIAUAUATUY T DAVOIAUH HYIDAA WY
1WA (Overconsolidated clay)
A [ a Qd v A Y 9 a a ~ v @ ] a
Ko(NC) o FulszansusIwuAUAUINEDATIALIHEIDAA UL NA

(Normally consolidated clay) t?m%’uﬁumﬁméauﬂ';qmw
T4auni 0.601 0.02 Mtaue Tae Mohr Lag Wang (1968)

v Y
[

=) 1 d’dd l = a a o [ a o d”
m o MAINNIUBIN VAU NATANVDIAY A1 T UG

= Y1 v A a a d! a0

@on lEMartinaraannnInaaouan v Iasansyeiia
P P v

WMIAY 35 MNTue AN NN UT Vo TN TEANT m Nidue

& g o o @ a
Tae Ladd et. al. (1977) Fautluilansususyiinaraan
93107 2.55

AMMAULTIROBYDIAUINMINATIUT DI WA linda §,, dmiumm

s/ GaauNIIN 2.18

o =S (2.18)

vm
0.22

Y
Teparaksa el at. (1999) las1audoyanisiannssduiirldau (Pore water
1 Y
pressure) ¥041n59m 350 T 1dauniimsnoadreluil 2542 wua mavesmsguildauly
Y 1 H
njunnuriuasuazlsuama ladldawsedumiluweaulasuly dagala 2,56 Tae

Y Y
N3 19 Piezometric drawdown §191SUMIATUIDTIAUIN



67

0.8
For Brooker & Ireland (1965). m for OCR =
10
0.6
0.4 NE\C
= - T _
0.2
0 (8§ 12

0 20 40 60 80
Plasticity Index. PI

A v o 7 o A & g J o v 1w A a
sUn 2.55 ANUFNNUTVIaNUTaNT m Fuduilensuves K, 1ag OCR nUMAFUNAITAN

G

(Ladd et al., 1977)
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317 2.56 u3aduI TUAUAFUNN (Teparaksa et al., 1999)
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ANALYSIS OF MAT SETTLEMENT FOR HIGH-RISE BUILDING WITH 3D FEM
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rlsasIuALERMSAad WUy mat Snvamiugy
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mat 1/

ArdAy: s1usInianTuus, PLAXIS 3D, ETABS, n1sninga,
nEBATIEAndU

Abstract

This paper presents results of the research on behavior of
mat foundation of a high-rise building. The force from super
structures, pile load test on bored pile of 1000 mm and
1500, mm, and
construction until the end of the construction were recorded

settlement monitoring from  starting  of

and apdlyzed. The settlement character of mat is dish shape
with” maximum settlement at about center of the mat, The
observed seftlement'is about 6 time higher than the settlement
from single pile \oad test at the design load. Therefore, the
research focuses an back. analysisoprocedure_ to _obtain
appropriate Young's modulls by using 3D FEM program
PLAXIS 30D which the data from the pile load test resulls was
found that the obtained values were lower than the back

analysis by foundation settlement. Moreover, the research
studied the effects of the pile configuration per settlement and
bending moment in mat by using join analysis between
structural analysis programs ETABS and PLAXIS 30, it was found
that the pile configuration which variable pite length can reduce

the differential settlement and bending moment within the mat,

Keywords: mat foundation, PLAXIS 3D, ETABS, settlement,
back analysis
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