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Abstracf2SHQIURXQGVWRUH\ZLWKIORDWLQIFROXPQV
LVDW\SLFDO
IHDWXUHLQWKHPRGHUQPXOWLVWRU\FRQVWUXFWLR
QVLQXUEDQ,QGLD6XFK
IHDWXUHVDUHYHU\PXFKXQGHVLUDEOHLQEXLOGLQJ
VEXLOWLQVHLVPLFDOO\ DFWLYH DUHDV  7KH
SUHVHQW VWXG\ SURSRVHV D IHDVLEOH VROXWLRQ
WR PLWLIDWH WKH HIIHFWV FDXVHG GXH WR
QRQXQLIRUPLW\ RI VWLIIQHVV DQG
GLVFRQWLQXLW\LQORDGSDWKDQGWRVLPXOWDQHRX
VO\KROGWKHIXQFWLRQDO
XVHRIWKHRSHQVWRUH\SDUWLFXODUO\XQGHUWKHIO
RDWLQJFROXPQWKURXJK D  FRPELQDWLRQ RI
YDULRXV ODWHUDO VWUHQIWKHQLQJ V\VWHPV $Q
LQYHVWLIDWLRQLVSHUIRUPHGRQDQH[DPSOHEXLOGL
QIZLWKQLQHGLIIHUHQW DQDO\WLFDO PRGHOV WR
EULQJ RXW WKH LPSRUWDQFH RI UHFRJQLVLQJ WKH
SUHVHQFHRIRSHQJURXQGVWRUH\DQGIORDWLQJFROX
PQV7ZRVHSDUDWH DQDO\VHV RQ YDULRXV PRGHOV RI
WKH EXLOGLQJ QDPHO\ WKHHTXLYDOHQW
VWDWLFDQDO\VLVDQGWKHUHVSRQVHVSHFWUXPDQD
O\VLVDVSHU,6
ZHUH SHUIRUPHG 9DULRXV PHDVXUHV VXFK DV
LQFRUSRUDWLRQ RI
&KHYURQEUDFLQJVDQGVKHDUZDOOVVWUHQJWKHQL
QIWKHFROXPQVLQWKH
RSHQJURXQGVWRUH\DQGWKHLUGLIIHUHQWFRPELQD
WLRQVZHUHH[DPLQHG
7KHDQDO\VLVVKRZVWKDWLQFRPSDULVRQWRWZRVKR
UWRQHVVHSDUDWHG E\ LQWHUFRQQHFWLQJ EHDPV
WKH VWUXFWXUDO ZDOOV DUH PRVW HIIHFWLYH
ZKHQSODFHGDWWKHSHULSKHU\RIWKHEXLOGLQIVDQ
GXVHGDVRQHORQJ
VWUXFWXUDOZDOO)XUWKHULWFDQEHVKRZQWKDW
WKHIRUFHWUDQVIHUIURP
IORDWLQJFROXPQVEHFRPHVOHVVKRUL]RQWDOZKHQ
WKH&KHYURQ%UDFLQIV
DUHSODFHGMXVWEHORZWKHPWKHUHE\UHGXFLQIWK
HVKHDUIRUFHVLQWKH
EHDPVRQZKLFKWKHIORDWLQJFROXPQUHVWV

Keywords TXLYDOHQW VWDWLF DQDO\VLV IORDWLQJ

FROXPQ RSHQ

JURXQG VWRUH\ UHVSRQVH VSHFWUXP DQDO\VLV
VKHDU ZDOO VWLIIQHVV LUUHJXODULW\

,,1752'8&7,21

2'$<PDQ\PXOWLVWRUH\EXLOGLQJVORFDWHGLQXUE
DQDUHDV

KDYHDQRSHQJURXQGVWRUH\ZLWKIORDWLQJFR
OXPQVDVDQ
XQDYRLGDEOHIHDWXUH7KLVVWUXFWXUDOIHDWX
UHLVSULPDULO\EHLQJ
DGRSWHGWRDFFRPPRGDWHSDUNLQJRUUHFHSWLRQ
OREELHVLQWKH
JURXQGVWRUH\+RZHYHUSRRUSHUIRUPDQFHVRIVXF
KEXLOGLQJV
ZRUOGZLGHKDYHEHHQNQRZQIRUDOPRVWDFHQWX
UWRZHYHU WKHUH PXVW EH FRPSHOOLQJ
UHDVRQVHJ DHVWKHWLFV DQG
IXQFWLRQDOLW\RWKHUWKDQVDIHW\WKDWFRQWL
QXHVWRSXVKWKH FRQVWUXFWLRQ RI VXFK
EXLOGLQJV HYHQ WRGD\ :KHQ DOO XQUHLQIRUFHG
PDVRQU\850 LQILOOV DUH UHPRYHG LQ WKH
JURXQGVWRUH\WKHEXLOGLQJLVVLIQLILFDQWO\ZH
DNHQHGLQWKH

9LQD\ $JUDZDO LV $VVLVWDQW 3URIHVVRU DQG 5DYLQGUD
IDJDU LV 3URIHVVRU ZLWK WKH 'HSDUWPHQW RI &LYLO
(QJLQHHULQJ 0DODYL\D IDWLRQDO ,QVWLWXWH RI
7HFKQRORJ\ -DLSXU -/I 0DUJ -DLSXU 5SDMDVWKDQ ,QGLD
HPDLO
DJUDZDOBYLQD\B#DKRRFRPUDYLQGUDQDJDU#KRWPDLOFRP

6X\DVK *DUJ LV D 3K SHVHDUFK 6FKRODU ZLWK
WKHHSDUWPHQW  RI&LYLO  (QILQHHULQJ  ODODYL\D
IDWLRQDO ,QVWLWXWH RI 7HFKQRORN -DLSXU-/1 0DUJ -
DLSXU 5DMDVWKDQ ,QGLD  SKRQH HPDLO
VX\DVKJDUJ#JPDLOFRP

9LQD\ &KDQGZDQL LV D 3K' SHVHDUFK 6FKRODU ZLWK WKH
'HSDUWPHQW RI &LYLO (QJLQHHULQJ 0DODYL\D 1DWLRQDO
,QVWLWXWH RI 7HFKQRORJ\ -DLSXU -1 0DUJ -DLSXU
5DMDVWKDQ ,QGLDSKRQH HPDLO
FKDQGZDQL#DKRRFRP
JURXQGVWRUH\EXWLWLVVWURQJLQWKHXSSHUVW
RUH\VRZLQJWRD
ODUJHFRQWULEXWLRQWRODWHUDOVWLIIQHVVE\
WKH850LQILOOV2SHQ
JURXQGVWRUH\EXLOGLQJVDUHLQKHUHQWO\SRRU
V\VWHPVEHFDXVH
RIVWLIIQHVVLUUHJXODULW\DQGVWUHQJWKGLVFR
QWLQXLW\DORQIWKH
KHLJIKWRIWKHEXLOGLQJVIWKHFROXPQVDUHZHDN
WKH\PD\EH
VHYHUHO\GDPDJHGZKLFKPD\HYHQOHDGWRWKHFR
OODSVHRIWKH EXLOGLQJ

JRU VHLVPLF UHWURILWWLQJ RI SHLQIRUFHG
&RQFUHWHS &
EXLOGLQJVDUHFHQWVXUYH\RIPHWKRGVDQGWHFK
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QLTXHVXVHG
VXFKDVFRQFUHWHMDFNHWLQJRIFROXPQVRIJTURXQ
GIORRUEULFN
PDVRQU\LQILOOLQWKHJURXQGIORRU;DQG9EUDFLQ
JVKHDU
ZDO00)53RIEHDPVDQGFROXPQVZDVFRQGXFWHG>@$
OVRWKH
VRIWILUVWVWRU\LUUHJIXODULW\FRQGLWLRQRIEX
LOGLQIJVZDVUHYLHZHG
>@DQGYDULRXVUHWURILWWLQIPHDVXUHVZHUHI
RXQGHIIHFWLYHWR UHGXFH VWRUH\ GULIW >@>@
LQFUHDVH VWUHQIWK DQG ODWHUDO
VWLIIQHVVRIWKHFROXPQVLQWKHVRIWVWRUH\>@
$SFFRUGLQIWRD
VWXG\LQWURGXFWLRQRIWKH;SODWHHQHUNGLVV
LSDWHU;3' FRQQHFWLRQ DW JURXQG VWRUH\ DOVR
RYHUFRPHV WKH JOREDO
GHILFLHQF\RIWKHRSHQVWRUH\>@0RUHRYHULWZD
VREVHUYHG
WKDWLQWKHVRIWVWRUH\RIDEXLOGLQJZKHQVWLI
IHUFROXPQVZHUH
SURYLGHGWKHUHZDVUHGXFWLRQLQWKHODWHUD
OGULIWGHPDQGRQ
WKHVRIWVWRUH\FROXPQVDQGZKHQDFRQFUHWHV
HUYLFHFRUHZDV
SURYLGHGWKHUHZDVDUHGXFWLRQLQWKHGULIW
DVZHOODVWKH
VWUHQIWKGHPDQGVRQWKHVRIWVWRUH\FROXPQV
>@,QDVWXG\
ZKHQDQHTXLYDOHQWVWDWLFDQDO\VLVZDVSHUIR
UPHGIRUWKH VHLVPLF UHVSRQVH RI 5HLQIRUFHG
&HPHQW &RQFUHWHS5&&
EXLOGLQJZLWKVRIWVWRUH\LWZDVFRQFOXGHGWK
DWPLQLPXP
GLVSODFHPHQWIRUFRUQHUFROXPQZDVREVHUYHG
LQWKHEXLOGLQJ
LQZKLFKDVKHDUZDOOZDVLQWURGXFHGLQ;GLUHF
WLRQDVZHOODV
LQ=GLUHFWLRQ>@,QDQRWKHUVHLVPLFDQDO\VLVR
IDPXOWLVWRULHG
EXLOGLQJZLWKVRIWILUVWVWRUH\VKHDUZDOODQ
GFURVVEUDFLQJV KHOSHG LQ UHGXFLQJ WKH
VWLIQHVV ~ LUUHJXODULW\ DQG  EHQGLQJ
PRPHQWLQWKHFROXPQV>@

7KHSUHVHQWVWXG\DWWHPSWVWRH[SORUHGLII
HUHQWDOWHUQDWLYHV
WRVWUHQIWKHQWKHH[LVWLQJRSHQJURXQGVWRU
H\EXLOGLQIVZLWK
IORDWLQJFROXPQVWRSUHYHQWWKHPIURPFROODS
VLQIGXULQJ
VWURQJHDUWKTXDNHVKDNLQJ7KHPHWKRGRORI\H
QYLVDJHVWKDW
VWLIIQHVVUHIXODULW\DQGFRQWLQXLW\LQORDGS
DWKLVPDLQWDLQHGWR
LQFUHDVHVHLVPLFVDIHW\RIWKHEXLOGLQJV

7KH SUHVHQW VWXG\ KDV EHHQ RUJDQL]JHG LQWR
VHFWLRQV

6WLIIQHVVLUUHJXODULW\DQGGLVFRQWLQXLW\LQ
ORDGSDWKLVGHDOWLQ

6HFWLRQV,,.DQG,,,UHVSHFWLYHO\6HFWLRQ,9GHVFU
LEHVWKH FKDUDFWHULVWLFV RI WKH EXLOGLQJ

VWXGLHG DQG QLQH GLITHUHQW
DQDO\WLFDOPRGHOV6HFWLRQIGLVFXVVHVDERXW
WKHVWDWLFDQG

G\QDPLFDQDO\VLVSHUIRUPHGRQWKHYDULRXVPRG
HOVRIWKH
EXLOGLQJ6HFWLRQ9,SUHVHQWVWKHUHVXOWVDQ
GWKHLUGLVFXVVLRQV

DQG6HFWLRQ9, GHDOVZLWKWKHFRQFOXVLRQVRIW
KHVWXG\

,,67.)1(66,55(*8/$5,7<23(16725(<
VWRUH\

Stiffer upper storey :
Small displacement
between adjacent
floors

I
| ] }

) ]
L

No infill walls
in ground
storey

Soft ground storey :f T |
Large displacement
between foundation

and first floor

)LIGWLIIQHVVLUUHJXODULW\GXHWRDEVHQFHRIL
QILOOZDOOVLQRSHQ
JURXQGVWRUH\

,UUHJXODULW\ZLWKUHVSHFWWRODWHUDOVWLI
IQHVVRFFXUVZKHQWKH
VLJHVRIWKHODWHUDOORDGUHVLVWLQJPHPEHUVL
QWKHEXLOGLQJDUH
YDULHGDORQIWKHEXLOGLQJKHLIKWDQGH[WUDPH
PEHUVDUHDGGHG
RUWKHH[LVWLQJRQHVDUHUHPRYHG7KHPDUNGRZQ
RIWKHODWHUDO
VWLIIQHVVOHDGVWRWKHLQFUHDVHLQWKHGHIRU
PDWLRQGHPDQGLQ
VWRUH\VZLWKOHVVVWLIIQHVVWKHUHE\FDOOHG
WKHVRIWRUZHDNRU IOH[LEOHVWRUH\)LJ

$EXLOGLQJZLWKRSHQIJURXQGVWRUH\ZLWKRQO\F
ROXPQVLQ
LWVVRIWVWRUH\DQGERWKSDUWLWLRQZDOOVDQ
GWKHFROXPQVLQLWV
XSSHUVWRUH\VKDYHJHQHUDOO\WZRGLVWLQFWIH
DWXUHV
D

,WLVYHU\IOH[LEOHLQRSHQJURXQGIORRUZKLFKO

HDGVWRWKH
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LQFUHDVHLQWKHUHODWLYHGLVSODFHPHQWL
QKRULJRQWDO
GLUHFWLRQDVFRPSDUHGWRWKDWRIWKHXSSH
UVWRULHV

E

,WLVYHU\ZHDNLQWKHRSHQVWRUH\ZKLFKOHDGV

WRWKH
UHGXFWLRQLQWKHFDSDFLW\RIUHVLVWDQFHDJ
DLQVWHDUWKTXDNH
IRUFHVDVFRPSDUHGWRWKDWRIWKHXSSHUVW
RULHV

v 0&217,18,7<,1/28'3$7+

$QRWKHUPXQGDQHIHDW XUHFRPHVZLWKDIORDW
LQJFROXPQ
ZKLFKLVWKHGLVFRQWLQXLW\LQLWVORDGSDWKL
Q5&&PRPHQW
[UDPHV:KHQDQ5&&FROXPQFRPLQIIURPWRSRIDEXLO
GLQJ
LVWHUPLQDWHGDWDQLQWHUPHGLDWHOHYHOJHQ
HUDOO\DWWKHJURXQG
VLWXDWLRQV

[PP)LJ

‘5

Detour of loads
towards continuous
columns

Severely
stressed columns

)LI2YHUORDGLQJRIFROXPQVLQJURXQGVWRUH\FDXVHI
DLOXUHGXULQJ VWURQJHDUWKTXDNHVKDNLQJ

,9 %8,/,1¥678' ("

7KHOD\RXWSODQDQGHOHYDWLRQRIWKH5&PRPH
QWUHVLVWLQJ IUDPH EXLOGLQJ ZLWK RSHQ
JURXQG VWRUH\ KDYLQJ IORDWLQJ
FROXPQVDQGXQUHLQIRUFHGEULFNLQILOOZDOOVL
QWKHXSSHU
VWRUH\VZKLFKLVFKRVHQIRUWKLVVWXG\LVVKRZQ
LQ)LIVDQG

7KHFROXPQVXVHGLQWKHEXLOGLQJDUHRIVL]H[P
P
+RZHYHUWKHIRXUFROXPQVDGMDFHQWWRWKHPLG
GOHIORDWLQJ
FROXPQVKDYHEHHQNHSWRIVL]H[PP)LI7KH
EHDPVXVHGDUHRIVL]H[PPZKHUHDVVRPHRIWKH
RSHQJURXQGVWRUH\URRIEHDPVRUVWLOWURRIEH

DPVRQZKLFK IORDWLQJ FROXPQV UHVW DUH
WDNHQ DV GHHS EHDPV RI VLH
) &b
(o
W Floating
= columns
Stilt roof deep
d beams of size
CEQ/ g‘ (400x900mm)

TKHFRQFUHWHEUDFLQJVXVHGIURPWKHIORDWLQJFROXPQVWRWKH
DGMDFHQWYHUWLFDOFROXPQVHLWKHUHQGMRLQWVRUPLGVSDQDUH

WDNHQRIVLIH[PP:KHUHYHUXVHGLQWKHPRGHOWKH

EUDFLQJVKDYHEHHQLQFRUSRUDWHGLQWRWKHVWUHQIWKHQHGVHWEDFN
FROXPQVRIVL]JH[PPDQGWKHVWUHQJWKHQHGFROXPQV
DGMDFHQWWRWKHPLGGOHIORDWLQJFROXPQRIVL]H[PP
TKHVWUXFWXUDOZDOOVXVHGLQWKHRSHQJURXQGVWRUH\DUHRI
WKLFNQHVVPP7KHLQFRUSRUDWLRQRIVKHDUZDOOVDQGWKH

VWUHQIWKHQLQJRIFROXPQVKDYHEHHQFRQWLQXHGXSWRWKH

IRXQGDWLRQOHYHO

)LI%HDPVRQZKLFKIORDWLQJFROXPQVUHVW

TKHQLQHGLIHUHQWPRGHOVRIWKHEXLOGLQJVWXGLHGDUH
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0RGHO%XLOGLQJKDVQHLWKHUVKHDUZDOOVQRUODWHUDO
EUDFLQJVLQWKHJURXQGVWRUH\DQGKDOIEULFNPDVRQU\ZDOO PPLQWKHXSSHUVWRUH\V)LJ
0RGHO%XLOGLQIKDVIRXUVKHDUZDOOVLQLQQHUED\VLQ WKHJURXQGVWRUH\)LJ
0RGHO%XLOGLQIJKDVIRXUVKHDUZDOOVDWSHULSKHU\LQ WKHJURXQGVWRUH\)LJ
0RGHO%XLOGLQIJKDVVL[VKHDUZDOOVRQHZDOOLQHDFK
VWURQIGLUHFWLRQDQGWZRVHSDUDWHZDOOVLQHDFKZHDN GLUHFWLRQLQWKHJURXQGVWRUH\)LJ
0RGHO%XLOGLQIKDVIRXUVKHDUZDOOVRQHZDOOLQHDFK
VWURQJGLUHFWLRQDQGWZRFRPELQHGVWUXFWXUDOZDOOVLQ

HDFKZHDNGLUHFWLRQLQWKHJURXQGVWRUH\)LJ
ORGHOL%XLOGLQJKDVFRQFUHWHEUDFLQJLQZHDN
GLUHFWLRQRQO\IURPWKHPLGGOHIORDWLQJFROXPQWRWKHHQG
MRLQWVRIDGMDFHQWYHUWLFDOFROXPQVZKLFKKDYHDOVREHHQ VWUHQJWKHQHG)LJ
ORGHOLL%XLOGLQJKDVFRQFUHWHEUDFLQJIURPDOOWKH
FRUQHUIORDWLQJFROXPQVWRWKHHQGMRLQWVRIUHVSHFWLYHVHW EDFNVWUHQJWKHQHGFROXPQV)LJ
ORGHOL%XLOGLQJKDVFRQFUHWHEUDFLQJLQZHDN
GLUHFWLRQRQO\IURPWKHPLGGOHIORDWLQJFROXPQWRWKH
PLGVSDQRIDGMDFHQWYHUWLFDOVWUHQIWKHQHGFROXPQV)LJ
ORGHOLL%XLOGLQJKDVFRQFUHWHEUDFLQJIURPDOOWKH
FRUQHUIORDWLQJFROXPQVWRWKHPLGVSDQRIUHVSHFWLYHVHW EDFNVWUHQJWKHQHGFROXPQV)LJ
ORGHO&RPELQDWLRQ,0RGHOORGHO)LJ
ORGHO&RPELQDWLRQ,,0RGHOORGHO)LJ

'y 8~

=
o N
L] %& 52

) 8
418 3 T

Weak direction % \L

—_—>(X)
JLI3RVLWLRQLQJRIIORDWLQJFROXPQVUHVWLQJRQJURXQGURRIEHDPV )LJORGHO

© 2024 Journal of Functional Materials. All Rights Reserved. Page 47



Journal of Functional Materials Volume 31 | Issue 1 | Year 2024
ISSN: 1001-9731 https://journaloffunctionalmaterials.com/

Walls in ifiner biys
I I

)LIORGHO

Bracings to end

joints of adjacent !
{ ﬁ = vertical columns
J ~ )LIORGHOL

Walld|at

peripjlery f[ \
/ ~ B Corner floating
columns

)LJORGHO

] Twolse e

e

JLJORGHOLL

- Bracing to end joints
of the set-back
column

Strengthened
set-back column
upto foundation

)LJORGHO

Bracings to
mid-span of
adjacent columns
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)LIORGHO

9$1$/<6,62)7+%8,/',1*
A.Equivalent Static Analysis

7KH IXQGDPHQWDO QDWXUDO SHULRG RI
YLEUDWLRQ7p LQ
VHFRQGVRIPRPHQWUHVLVWLQJIUDPHEXLOGLQJVZ
LWKEULFNLQILOO
SDQHOVLVHVWLPDWHGE\WKHHPSLULFDOH[SUHVV
LRQ

7Dh

T

ZKHUHK KHLJKWRIWKHEXLOGLQILQPG
EDVHGLPHQVLRQRI EXLOGLQJ DW WKH SOLQWK
OHYHO LQ P DORQJ WKH FRQVLGHUHG
GLUHFWLRQRIWKHODWHUDOIRUFH
7KHGHVLIQODWHUDOIRUFHVKDOOILUVWEHFRPS
XWHGIRUWKH
EXLOGLQJDVDZKROH,WVKDOOWKHQEHGLVWULEX
WHGWRWKHYDULRXV
IORRUOHYHOV7KHWRWDOGHVLIJQVHLVPLFEDVHVK
HDU9:DORQJ
DQ\SULQFLSDOGLUHFWLRQLVGHWHUPLQHGE\

9 $k :

ZKHUHSk
GHVLJQKRUL]RQWDODFFHOHUDWLRQVSHFWUXPYD
OXH
XVLQIWKHIXQGDPHQWDOQDWXUDOSHULRG7,LQW
KHFRQVLGHUHG GLUHFWLRQRIYLEUDWLRQ:
6HLVPLFZHLIKWRIWKHEXLOGLQJ

B.Response Spectrum Analysis (Dynamic Analysis)

%DVHGRQYDULRXVJURXQGPRWLRQUHFRUGVWK

HUHVSRQVH

VSHFWUXPUHSUHVHQWVDQHQYHORSHRIXSSHUERX

QGUHVSRQVHV
7KHGHVLIQODWHUDOIRUFHDWHDFKIORRULQHDF
KPRGHLV

FRPSXWHGDFFRUGLQJWR

4in SnTin 3n i

)LJORGHOL

ZKHUHSx
GHVLIQKRUL]RQWDODFFHOHUDWLRQVSHFWUXPY
DOXH
XVLQIWKHQDWXUDOSHULRGRIYLEUDWLRQ7\RIPR
GHNiLy
PRGHVKDSHFRHIILFLHQWDWIORRULLQPRGHN3y
PRGDO SDUWLFLSDWLRQIDFWRURIPRGHN:
VHLVPLFZHLJKWRIIORRUL
7KHSHDNVWRUH\VKHDUIRUFHLQVWRUH\LGXHW
RDOOFRQVLGHUHG
PRGHVLVREWDLQHGE\FRPELQLQIWKRVHGXHWRHD
FKPRGHLQ
DFFRUGDQFHZLWKXVLQJ6TXDUHSRRWRI6XPRI6TXD
UH6566
FRPELQDWLRQILYHQE\

301rjk

ZKHUH3y
DEVROXWHYDOXHRISHDNUHVSRQVHTXDQWLW\LQ
PRGH NU QXPEHURIPRGHVEHLQJFRQVLGHUHG

9, 5(68/76%1",6&866,21

A.Fundamental Periods

7KHVWDWLFDQGG\QDPLF,6QDWXUDOSHULRGVRI
WKHEXLOGLQJPRGHOVDUHVKRZQLQ7DEOH, WLVRE
VHUYHGWKDW
WKHIXQGDPHQWDOQDWXUDOSHULRGLVUHGXFHGZ
KHQVKHDUZDOOV
DUHLQWURGXFHGLQWKHEXLOGLQJORGHO

,QWHUHVWLQJO\LWLVVHHQWKDWWRUVLRQKDV
EHFRPHWKHILUVW
PRGHRIRVFLOODWLRQLQWKHORGHOGXHWRDGUDV
WLFLQFUHDVHLQ WKH IXQGDPHQWDO QDWXUDO
SHULRG LQ  WRUVLRQ 7KH  %XLOGLQJ
ORGHOVDQGKDYHWKHVDPHQXPEHUDQGWKHVL]HR
IWKH
VKHDUZDOOVEXWDWVHSDUDWHORFDWLRQVVXFK
DVVKHDUZDOOVLQWKH
LQQHUED\VDQGDWWKHSHULSKHU\RIWKHEXLOGLQ
JHLIVDQG
UHVSHFWLYHO\*HQHUDOO\E\WHHSLQJWKHVDPHVK
HDUZDOOVQHDU
WKHFHQWUHRIWKHEXLOGLQJWKHWHQGHQF\RIWK
HEXLOGLQJWR XQGHUJR WRUVLRQ LV LQGLUHFWO\
OHG 7KLV XQZDQWHG WRUVLRQ
RFFXUUHGEHFDXVHRIDQHFFHQWULFLW\EHWZHHQ
WKHFHQWUHRIPDVV
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DQGFHQWUHRIULJLGLW\+HQFHWKHVKHDUZDOOVD
UHWKHPRVW
LPSUHVVLYHZKHQXVXDOO\WHSWDWWKHSHULSKH
U\RIWKHEXLOGLQIJV

78%l/(,

)81'$0(17$/1$785%/3(5,2'
)XQGDPHQWDO1IDWXUDO3HULRGV
;'LUHFWLRQ ='LUHFWLRQ

ORGHO 7RUVLRQ
6WDWLF "QDPLF "QDPLF 6WDWLF

B.Lateral Deformation

7KHODWHUDOGLVSODFHPHQWSURILOHVRIWKHY
DULRXVPRGHOVIRU
WKHWZRGLIIHUHQWDQDO\VHVSHUIRUPHGLQWKLV
VWXG\DUHVKRZQ
LQ)LJ,QWKHVHILIXUHVWKHDEUXSWFKDQJHVLQWK

HVORSHRI WKH SURILOH VWLSXODWH WKH
VWLIIQHVV LUUHJXODULW\ 7KH
GLVSODFHPHQWVDWJURXQGDQGILUVWIORRUOHYH
ODUHVKRZQLQ

7DEOHV,,DQG,,,, WLVREVHUYHGWKDWWKHGLVSODF
HPHQWVDUH
UHGXFHGZKHQVKHDUZDOOVDUHLQWURGXFHGORG
HODQG

7$%/(,, /$7(58/'()250$7,216787,&$18$/<6,6

'LVSODFHPHQWPP
;'LUHFWLRQ ='LUHFWLRQ

*URXQG)ORRU)LUVW)ORRU*URXQG)ORRU
YLUVW)ORRU

ORGHO

‘KHQORGHOVDQGDUHFRPSDUHGLWLVREVHUYHG
WKDWWKH
ODWHUDOGLVSODFHPHQWRIWKHEXLOGLQJLQWKH;
GLUHFWLRQKDV
EHHQFRQVLGHUDEO\GHFUHDVHGLQORGHO7KHEXL
OGLQJORGHOV
DQGKDYHVDPHWKHVL]HRIWKHVKHDUZDOOVEXWD
WVHSDUDWH
ORFDWLRQVLQWKH;GLUHFWLRQDWWKHSHULSKHU
\VXFKDVWZRVKRUW
VKHDUZDOOV)LIDQGRQHFRPELQHGORQIVKHDUZDO
O)LJ
UHVSHFWLYHO\6LQFHWKHFRQFHUQHGZDOODUHDL
VQRQHWKHOHVV
WKHVDPHLQERWKEXLOGLQJVEXWWKHEXLOGLQJZ
LWKORQJHUVKHDU
ZDOOLVPRUHXQ\LHOGLQIWKDQWKHRWKHUVDQGW
KXVDOORZVWKH
EXLOGLQIWREHPRUHUHVLVWDQWDJDLQVWWKHO
DWHUDOPRWLRQDQG
KHQFHWKHODWHUDOGHIRUPDWLRQKDVEHHQWUH
PHQGRXVO\UHGXFHG
E\SURSHUO\XVLQIWKHGRXEOHOHQJWKVKHDUZDO
OV7KHUHIRUHLW
LVEHQHILFLDOWRNHHSRQHORQJIVKHDUZDOOLQVW
HDGRIWKHWZR
VKRUWZDOOVKDYLQJVHSDUDWHGE\WKHLQWHUU
HODWHGEHDPV
YXUWKHULWLVVHHQWKDWWKHODWHUDOGHIRUPD
WLRQLVDOVR
UHGXFHGZKHQWKH&KHYURQ%UDFLQJVDUHLQFRU
SRUDWHGXQGHU
WKHIORDWLQJFROXPQLQWKHVWUHQIWKHQHGFRO
XPQVRIVRIWVWRUH\

RIWKHEXLOGLQJORGHODQG

7$%/(,,, /$7(58/'0250$7,21'<1$0,&$18/<6,6

'LVSODFHPHQWPP
;'LUHFWLRQ ='LUHFWLRQ

*URXQG)ORRU)LUVW)ORRU*URXQG)ORRU
)LUVW)ORRU

ORGHO
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C.Shear Force in Beams on Which the Floating Columns
Rest

YURP7DEOH,9DQG9ILWLVFOHDUWKDWWKHVKHDUI
RUFH
GHPDQGVLQWKHEHDPVERWKWKHLQWHUPHGLDWH
DQGRYHUKDQIRQ
ZKLFKIORDWLQJFROXPQVUHVWVKDYHEHHQH[FHS
WLRQDOO\UHGXFHG LQORGHO

,QWURGXFWLRQRIWKH&KHYURQEUDFLQIVLQWK
HVRIWJURXQG
VWRUH\KDVJUHDWO\KHOSHGLQJOREDOO\UHGXFLQ
JWKHODWHUDO
GHIRUPDWLRQRIEXLOGLQJ,QORGHOZLWKRXWWKHE
UDFHVWKH
WUDQVIHURIIRUFHVLVQRWYHUWLFDOZKLFKOHDG
VWKHEHDPVRQ ZKLFK WKH IORDWLQJ FROXPQV
UHVW WR FDUU\ WKH IRUFHV KRULJRQWDOO\ WR
WKH FRQWLQXRXV FROXPQV DQG JHW KHDYLO\
VWUHVVHGLQVKHDU)LJ%XWDIWHUWKHLQJUHVVL
RQRIWKH
FKHYURQEUDFHVLQWKHORGHOWKHWUDQVIHURIIR
UFHVKDV
EHFRPHOHVVKRULJRQWDO7KHIRUFHVKDYHEHHQW
UDQVIHUUHGWR WKH EHDPV DQG WKH FROXPQV
WKURXJK WKH EUDFH WKHUHE)
UHOLHYLQJWKHJLUGHUEHDPVRQZKLFKWKHIORDW
LQJFROXPQUHVWV
7KHUHIRUHIRUDVRIWJURXQGVWRUH\WKHEUDFLQJ
VVKRXOGEH
NHSWLQUHOHYDQWED\VXQGHUWKHIORDWLQJFRO
XPQVRDVWRUHGXFH
WKHGLVFRQWLQXLW\LQWKHORDGSDWKRIWKHYHU
WLFDOIRUFHVLQD EXLOGLQJ

(YHQWKRXJKWKHODWHUDOGHIRUPDWLRQRIWK
HEXLOGLQJDQG
VKHDUIRUFHLQEHDPVRQZKLFKIORDWLQJFROXPQU
HVWVLVOHVVLQ
ORGHOZKHQFRPSDUHGZLWKWKDWLQORGHOWKHOD
WWHULV
SUHIHUUHGDVLWGRHVQRWFRPSOHWHO\RFFXS\WK
HVSDFHXQGHUWKH IORDWLQJ FROXPQ DQG
WKHUHE\ VLPXOWDQHRXVO\ KROGV WKH
IXQFWLRQDOXVHRIWKHRSHQVWRUH\HVSHFLDOO\X
QGHUWKHIORDWLQJ FROXPQV

7$%/(,9 ,17(50(,$7(%6($00$:,0806+($5.1

OD[LPXP6KHDUNI1
ORGHO 6WDWLF$QDO\VLV "QDPLF$QDO\VLV
6+($5= 6+($5< 6+($5= 6+($5<
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ORGHO 6WDWLFSQDOWLV ~ "QDPLF$SQDO\VLV
6+H$5=  6HS5<  6+S5=  6+(85<

Floating column
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beam

Strengthened

/column

}g,/ Bracing (axial action)
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)LJORGHOD[LDODQGWKUXVWDFWLRQ
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S war
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D.Maximum Forces in Ground Storey Columns (Braced Set-
Back Columns and Braced Columns around Middle Floating
Column)

7KHPD[LPXPEHQGLQJDQGVKHDUIRUFHVLQWKHFR
OXPQV
EUDFHGERWKVHWEDFNDQGPLGGOHLQWKHJURXQG
VWRUH\DUH

VKRZQLQ7DEOHV9,9,,9,..,;; WLVVHHQWKDWWKHIRUF
HVDUH
UHGXFHGLQWKHFROXPQVZKHQWKHVKHDUZDOOV
DUHLQWURGXFHGLQ
WKHVRIWVWRUH\0RGHO7KHVHVKHDUZDOOVEHFD
XVH
RIWKHLUKXJHLQLWLDOODWHUDOVWLIIQHVVKHOS
LQUHGXFLQIWKHVKHDU
IRUFHVDQGWKHEHQGLQJPRPHQWVLQWKHEHDPVD
QGFROXPQV
ZKHQSURYLGHGDORQIJZLWKWKHUHLQIRUFHGFRQF
UHWHPRPHQW
UHVLVWLQJIUDPHVDQGE\EHLQJWKHPRVWFUXFLDO
SDUWRIODWHUDO

ORDGUHVLVWLQJV\WWHP7KH\KDYHDOVRLQGLUHFWO\VXFFHHGHGLQ
ORQJFRPELQHGVWUXFWXUDOZDOOLQDSDUWLFXODUGLUHFWLRQLV
UHGXFLQJWKHVWLIIQHVVLUUHJXODULW\LQWKHEXLOGLQJSODFHGDORQJZLWKWKHEUDFHV

:KHQORGHOVDQGDUHFRPSDUHGERWKPRGHOVDUH

FRPELQDWLRQ RI DOO WKH ODWHUDO VWUHQJWKHQLQJ WHFKQLTXHV 8RN

%5$&('0,"/(&2/80108;,0806+($5

OD[LPXP6KHDUNI
6TXDUH 6WDWLF$QDO\VLV "QDPLF$QDO\VLV
ORGHO &ROXPQ6LIH

PP 6+(8$5 6+(85 6+($5 6+(8$5
= < = <
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GLVFXVVHG %RWK ODWHUDO VWUHQJWKHQLQJ

WHFKQLTXHV LH WKH
VWUXFWXUDORUVKHDUZDOOVDQGWKH&KHYURQEUDFHVXQGHUWKH
IORDWLQJFROXPQLQWKHVWUHQJWKHQHGFROXPQVDUHLQFRUSRUDWHG

LQWKHEXLOGLQJWRIHWWKHEHVWVWUXFWXUDOFRQILIXUDWLRQLQWHUPV RIVHLVPLFUHVLVWDQFH

TABLE VI
BRACED SET-BACK COLUMN MAXIMUM MOMENT
Square Maximum Moment (kNm)
Model Column Size Static Analysis Dynamic Analysis
(mm) MoM-Z  MoM-Y  MoM-Z  MoM-Y
1 400 5499 403.6 608.7 634.6
2 400 285.6 323.7 404.5 566.4
3 400 104.4 57.8 93.5 43.6
4 400 103.3 57.8 92.4 48.8
5 400 99.7 57.3 94.1 463 9, &21&/8621
6 600 486.1 527.6 489 607.7
7 600 770.2 544.4 873.7 605.2
8 600 468.6 386.7 440.6 208.8
9 600 462.1 384.4 446.1 209.7
TABLE VII
BRACED SET-BACK COLUMN MAXIMUM SHEAR
Maximum Shear (kN)
Square . . . .
Model Column Size Static Analysis Dynamic Analysis
(mm) SHEAR- SHEAR- SHEAR- SHEAR-
Z Y Z Y
1 400 212.7 264.6 366.3 287.7
2 400 172.2 136.2 3338 192.4
3 400 14.6 38.1 34.6 34.2
4 400 14.3 37.8 34.7 339
5 400 14.4 359 34.1 32.6
6 600 271.7 220.2 306.6 296.4
7 600 350.2 843.4 838.1 923.8
8 600 187.9 320.7 263.5 300.8
9 600 186.0 310.2 255.7 291.2
TABLE VIII
BRACED MIDDLE COLUMN MAXIMUM MOMENT
. Maximum Moment (kNm)
Model ng?;: ((n?ll::)nm Static Analysis Dynamic Analysis
MoM-Z MoMm-Y MoM-Z M
1 400 813.6 1247.1 818.3 1237.4
2 400 50.2 527.8 215 648.6
3 400 506.5 1163.7 593.8 1490.8
4 400 478.3 1132.5 584.9 1439.2
5 400 480.1 1128.3 583.1 1434.7
6 700 1313.4 304.6 1402.4 188.3
7 700 1418.8 1694.6 1544.6 1675.1
8 700 1058.9 1640.7 1256.7 1933.9
9 700 1011.2 1630.4 1230.1 1918.6

For severe requirements, combination Model 8 can be

S5&IUDPHEXLOGLQJVZLWKRSHQJURXQGVWRUH\VDQGIORDWLQJ FROXPQV DUH NQRZQ WR SHUIRUP
SRRUO\ GXULQJ VWURQJ
HDUWKTXDNHVKDNLQJ,QWKLVSDSHUWKHVHLVPLFYXOQHUDELOLW\RI
EXLOGLQJVZLWKVRIWJURXQGVWRUH\DQGIORDWLQJFROXPQVLV
VKRZQWKURXJKDQH[DPSOHEXLOGLQJ7KHODWHUDOGHIRUPDWLRQ
DQGWKHVWUHQJWKGHPDQGVLQWKHJURXQGVWRUH\FROXPQVDUH
YHU\ODUJHIRUEXLOGLQJVZLWKVRIWJURXQGVWRUH\V,WLVQRWHDWV\
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WRSURYLGHVXFKFDSDFLWLHVLQWKHFROXPQVRIWKHJURXQGVWRUH\ 7KXV LW LV FOHDU WKDW VXFK
EXLOGLQJV ZLOO H[KLELW SRRU SHUIRUPDQFH GXULQJ D VWURQJ HDUWKTXDNH VKDNLQJ 7KLV
GDQJHURXVIHDWXUHRI,QGLDQ5&IUDPHEXLOGLQJVQHHGVWREH
UHFRJQL]JHGLPPHGLDWHO\DQGQHFHVVDU\PHDVXUHVQHHGWREH
WDNHQWRLPSURYHWKHSHUIRUPDQFHRIWKHEXLOGLQJV
7KHVRIWJURXQGVWRUH\KDVEHFRPHDYHU\LPSRUWDQWDQG

XVHIXOUHTXLUHPHQWRIDOPRVWHYHU\PXOWLVWRUH\EXLOGLQIJLQ WKH XUEDQ FLWLHV DQG
WKHUHIRUH FDQQRW EH H[WHUPLQDWHG
6RPHWLPHVWKHIORDWLQJFROXPQVDOVREHFRPHQHFHVVDU\WR
KROGWKHSXUSRVHRIRSHQVSDFHVLQWKHJURXQGVWRUH\9DULRXV
PHDVXUHVFDQKHOSLQRYHUFRPLQIWKHVHSHFXOLDUVLWXDWLRQVRI
DQRSHQJURXQGVWRUH\DORQJZLWKWKHIORDWLQJFROXPQVLQD
EXLOGLQJ7KHXQGHUO\LQJSULQFLSOHRIDQ\VROXWLRQWRWKLV
SUREOHPLVLQDUHGXFLQJWKHVWLIIQHVVLUUHJXODULW\LQWKHRSHQ
JURXQGEUHGXFLQJWKHGLVFRQWLQXLW\LQORDGSDWKGXHWR

020<

IORDWLQJFROXPQV7KHSRVVLEOHVFKHPHVWRDFKLHYHWK

HDERYH

DUHLLQWURGXFWLRQRIVKHDUZDOOVDWSURSHUSRVLWLRQVLQWKH
VRIWVWRUH\LLLQFRUSRUDWLRQRIODWHUDOEUDFLQIVXQG
HUWKH
IORDWLQIFROXPQWRWKHVWUHQIWKHQHGFROXPQVRIWKHV
RIWVWRUH\
7KHVHVFKHPHVKDYHEHHQIRXQGWRFRQVLGHUDEO\UHGXFH
WKH
ODWHUDOGULIWGHPDQGVDQGWKXVWKHVWUHVVUHVXOW
DQWVRQWKH

JURXQGVWRUH\FROXPQVDQGWKHEHDPVRQZKLFKIORDWLQ
J
FROXPQVUHVWS$IHDVLEOHFRPELQDWLRQRIODWHUDOVWUH
QIWKHQLQJ

WHFKQLTXHVLVSURSRVHGZKLFKQRWRQO\UHGXFHVWKHVWLIIQHVV
LUUHJXODULW\DQGGLVFRQWLQXLW\LQORDGSDWKEXWDOVRUHWDLQVWKH
IXQFWLRQDOUHTXLUHPHQWRIWKHRSHQJURXQGVWRUH\SDUWLFXODUO\
XQGHUWKHIORDWLQJFROXPQV
SUHIHUUHGZKHUHDVLQJOHVWUXFWXUDOZDOOLQHDFK
GLUHFWLRQLV SODFHG DORQJ ZLWK WKH EUDFHV
ORUHRYHU IRU PRGHUDWH
UHTXLUHPHQWVFRPELQDWLRQORGHOFDQEHSUHIHUUHG
ZKHUHD
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