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ANALYSIS OF MAT SETTLEMENT FOR HIGH-RISE BUILDING WITH 3D FEM
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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 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. 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 3D, it was found
that the pile configuration which variable pile 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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SETTLEMENT OF MAT FOUNDATION: SECTION A
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PLAXIS 3D niufuaainiuaveaUIwAazfundIlinssius
Tuasderanslagldafniuavesaudwenanduusazduiildainnis
$raedlu PLAXIS 3D ddluauideldnseunqulufsmavesnisldause
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19.06m

\__/ Bored pile 1.5m dia.

(3 Existing bored pile 1.0m dia.

UM 6 A9 mat, sumdsandy, sumisweas column wall uas core wall

M15197 2 usanseiregusna s

Column | DL+SDL LL Total Load
No. (ton) (ton) (ton)
1 2015 334 2349
2 1665 252 1917
3 1378 156 1534
4 3224 588 3812
5 2093 278 2371
6 3483 629 4112
7 3540 598 4138
8 3154 548 3702
9 2854 391 3245
10 2339 432 2771
11 1407 220 1627
12 1312 154 1466
13 19487 2491 21978

3. dayaduduuazautRinienavesiu
Tunuideldidenlideyannuauansilndidssiudumises
01ATIIVIA 3 vqu lAgnqulany BH-02 8gATIAILvUIY9401A7S
Uit 7 Hugudaduiu Tnedszneulueduimdinu wun 1.5 s
falufudupumisseududunats wun 15.0 was mntandu
fumilorudedaudann anluauds 52.5 was wdentandududiu
NTIBULUUTUULLN AUT 8.5 LUAS 5mmﬂ%umﬂmuﬁaﬁwqmms
Dududumieaniu mun 9.0 was mse@t 3 aqﬂszﬁwm%’uﬁu,
autinemenm wazauiRdenavesiuiildlunissians lunuised
THuvusaosildainiuaysy ansuanazldmdsunsadounionss
suwuulissunehdmiufuiumies Sadu undrained type 8 lu
PLAXIS 3D dmiumslduuusiassiuwuy undrained type B ffarld
nadnEnsFuIaus Ut dwAuisthwiinenasnsesidedu
F9a111505180901558 U181 ULALE LA RI8n15D LA v
consolidation analysis 11 PLAXIS 3D dausunsiglduvusiassiu
LUUSEUNELN dmsugusinaeunIaEsumanuaziandunaunin
wSumdnlduuusiasadu linear elastic IngldAn Young’s modulus

1Ju 24.78 MPa wagen Poisson’ ratio tHu 0.2

SPT-N (blows/ft) Su (t/mA2)

0 50 100 0 5 10
0 } o } 00.00
o oa
A
o
A
2 Soft to 7=16.5 kN/m"3
10 4 10 4 AD medium clay
20
oA
5 ODDA -16.50
Stiff to very
0 o = A
0 £ &5 20 £ L v=18.1kN/m"3
= stiff silty clay -22.00
[yl
a0
o Very stiff to
- A
0 £ 299 30 hard silty clay 20,1 kN/m"3
200
@ o
AD -36.00
o A
oo a
I @0 +
40 S o 40 "
o0 Very stiff to - A
269 hard silty clay v=20.8kN/m"3
oA O
oan
50 o oa 50
Iy o -52.50
o 6
oA OA Dense to ven
o 2 Yo y=215kN/mA3
o a dense sand
60 £ ° o 60 -61.00
o a
DA 4 Hardsilty clay ~ y=21.1kN/m"3
oa B
o o 20+ 70.00
A BH-01
0 BH-02
© BH-05
80 80
= v & a
UN 7 gUARtuRU

A1 3 guUinemennuazaliRnavesiunldlun1sinass

7

Material Depth £ Y Unit weight Su
(m) (kN/m?) (kN/m?) | (degree)| (kN/m?) |

Soft to medium caly 00.0-16.5 10,546 | 0.30 16.52 - 24.5
Stiff to very stiff silty clay 16.5-22.0 | 126,549 | 0.30 18.10 - 73.6
Very stiff to hard silty clay 1 | 22.0-36.0 | 210,915 | 0.30 20.18 - 122.6
Very stiff to hard silty clay 2 | 36.0-52.5 | 464,013 | 0.30 20.83 - 269.8
Dense to very dense sand 52.5-61.0 | 137,600 | 0.30 21.57 37.00

Hard silty clay 61.0-70.0 | 674,928 | 0.30 21.14 - 392.4

3.1 doyauasaanIsnaaeuia iy
Tulassnsildvhnimeaeuianduiansdae3s static Pile Load
Test Wngwadunaasuiivuiaduiiugudnai 1000 Tadiuns uag
1500 $adiuns lagldu1nsgiuves ASTM D 1143/D 1143M-07 i
n1snaasuiitninussmnoenuuuuaziminussyngagaiien
2.5 venimidnusTNNENLUY HanIsAGBUIANTNTUIA
1000 fiadiums fdudnussynesnuuy 640 fu fn1sngnia
5.50 dadluns LLawmaawuﬁ&ﬁmﬁ’ﬂmmﬂqaqm 1600 fu druna
n1svadeuLaNTNIuIA 1500 Hadwns Fininussynesnuuy
950 ¢ fin1sngada 5.47 daduns LLawmaamuﬁaﬁmﬁnmmﬂ

2375 fu ﬁa;ﬂﬁ 8 uag 9
Load (ton)
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0 4 —t—t—————+
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60 T+
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——Cycle 1
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——Cycle 2
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JUT 9 wansnespuE il sTaduugudnats 1500 Tadiung

3.2 N1SNIANIYENTIUTIN
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yadansngadiliiendiuaanifaiu mat viavue 26 90 fsgUN 10
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feas1e1msiiiasaduiadud 51 guil 11 Jududunismindives
A 2 " & v v o & a_a
mat leduannisneasne Wulddinisngadigegadu 35.0 fadwns
M3aNNA19 mat lngvau mat In15nIAda 27.5 Taduns Jelldnuae
& v 2 v a g = ) a_a =
Juguteidnides Andunisngafiuaneiu 7.5 Taduns Fadmsn
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B* B
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c
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BS @BS25 fem=r R R f ) BS11
= E
E4 I BS13 o st g/ 4
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@ survey mark

v P
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JUT 10 shumlsgensiaianisvsasiifaaslitudnsgevesenans

T T T T
5 15 20 25 30 35

JUN 11 Wutunsmindives mat 3nn1sasavintuauny
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dwfumiaseiflaldnisimszsinguiiion Young’s modulus
wanzauieuensadvesiu nslideyadiliannisians
drseiululassnmsiifinansmageuiddunsadouunuylissuneh
Tudusunieseutudsiiunans daumdsuusadeunuulsiszune

i luduiuwiigindsdetuiumiornulseuiuannan1snagey

g 1sauysaifildinaminisivAves wons-gasut (inear elastic-
perfectly plastic with Mohr-Coulomb failure criteria) dmsutuiu
willenld effective Young’s modulus TagAMUIaaINAIEIS UL
@ouuuulsiszunetihlugd E' = mS, Tne m iudiasiiganisidont
A1 MAURUSER UV shear strain MAnTuluduRy Tag effective
Young’s modulus iA21uduWuSAU undrained Young’s modulus
Faaunsi 1
, 2(1+ v’)
E="""JF &)
2(1+v,)
e v’ = 0.3 nsdivihouseUszansua waz v, = 0.5 nsdimionie
wsarmuulissue Imnuduiusidu E' = 0.87 E, dwndurnas
fuusadeuldifumbeussusuulisyunei Sslu PLAXIS 3D
3en1 undrained type B dautuiunseimuslianduniaonse
Usgansnauazidunuusznnenh lunsdalaeldfumunilendu
wuuliiszediilrlusunsudnaussiuhduiudomhousdu
fuiivay fuufefedilusunsidinszinssasimeiitodny
wqﬁﬂiima\‘@mﬂﬂluﬂszﬁﬁ'Lmoﬁ’ui’fwduuLﬁuaﬂaaaulﬁszﬁumsé’ﬂ
famethil 90 Wosifus
Tunisimszdndulneldnanisnagouiandy inlneadns
wuusrasnanduluduiulasenis Tnsanunirauazannudnves
wuuaeunnediayldvinliveulave UL ResdHansEUsaNa
n153esen Tun1shesgilddsnsifiuusnsgyinduuuy point
load vunandufidAwifussinssiseRmandy wazduanen
nyafvesiafy waglduusiumaniuavesfiuaunseiisnanis
Aaneifiauaenndesiunanisnadeutaiuanniign fguil 12

¢ W

wazaNI9N 4 asuanafniuainliannnisiesizsingu

S , . v o o
#M13719% 4 A1 Young’s modulus ﬁ]’]ﬂﬂ’ﬁﬂWU’JilJEJ’EJuﬂﬁUI\'ﬂEﬂ%NﬁﬂWiWE@

Fildannsnage U duies

Material E' E’ (kPa)
Soft to medium clay E' =435, 10546
Stiff to very stiff silty clay E’=17408, 126549
Very stiff to hard silty clay 1 E’=17408, 210915
Very stiff to hard silty clay 2 E'=17408, 464013
Dense to very dense sand E’ = 2000Ngg 137600
Hard silty clay E'=17408, 674928

dlold Young’s modulus vestufiuanmsimszindulngendona
n1snadeuladunds Jaldinisdiaesgiusinandy mat lngld
Young’s modulus Tun15199 4 Tneld 10-node tetrahedral
element Tun1931a09 mat wazsnassaniulaneld embedded
beam element u19un 159180 fEuRussEninsAulngsouiu

duway mat Aagy 13
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Load (ton)
0 500 1000 1500 2000 2500
0 + f f f —
E —=—Test data
T T —~—FEM 5
£ 0t s,
2 F toé?jf
[} [ 8s
g 15 +
2 r
g 20 7; ETA/BS model Spring stiffness from
r X PLAXIS 3D
25 t Obtain column Repeat until k=F/A E
30 [ load from ETABS mat settlement Ly I
P — from ETABS ~ ViLs
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