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Effect of shear force - horizontal displacement curve of a laminated elastomeric isolator on
seismic performance of a base-isolated building

>TS NGO VAN THUYET

Khoa Cong trinh - Trudng Dai hoc Thuy lgi, Email: thuyet.kcct@tlu.edu.vn, Tel: 0968092386

TGM TAT:

b cach chan da lap |a mat loai gdi céch chan dang duec st dung
phd bign cho céng trinh cach chén day chiu dang dét. Hai thang s
quan trong cia dac tinh co hoo cia gfi cach chan la d cing
ngang higu dung va ty sd can nhat. D@ cing ngang higu dung cia
gdi cach chan duge xac dinh truc tiép tr dudng quan he luc cét -
chuyén vi ngang. Trong nghién ctu nay, phan tich dang theo thai
gian cang trinh nha khung bé tang cdt thép st dung céc gdi céch
chén da lép cd cong ty sd can nhat nhung co cac drang quan he
e cét - chuyén vi ngang khéac nhau chiu cing gia téc nén cia céc
tran dang dat duge khao sat bang phuong phap phén tich ma hinh
sdi. K&t qué phan tich cho thdy duimg quan hé luc cét - chuyén vi
ngang cha gdi cach chan ca anh hudng dén kha nang cach chan
ciia cang trinh.

Tir khda: hé cach chén déy, gdi cach chéan da lap, nha khung be
tang cdt thép, dong dét.

ABSTRACT:

Laminated elastomeric isolator is a class of seismic isolator to
use popularly for base-isolated buildings under earthquakes. Two
important parameters of characteristic properties of the isolator
are effective horizontal stiffness and equivalent viscous damping.
The effective horizontal stiffness of the isolator is directly
determined from shear force - horizontal displacement curve. In
this study, time history analysis of a base-isolated reinforced
concrete frame building supported on different isolators with
same damping and different shear force - horizontal
displacement curves under same ground mation of earthquakes is
investigated by finite element analysis. Results show that seismic
performance of the base-isolated building is affected by the shear
force - horizontal displacement curve of the isolator.

Keywords: Base isolation system. laminated elastomeric
isolator, reinforced concrete frame building, earthquake.

1. GIGI THIEU

Hé cach chdn day la mét bién phap phd bién dé giam hu héng
cho céng trinh khi dong dat xay ra, trong d6 cac goi cach chan
thudng dugc dat & bén trén dai mong va bén dusi phan than cong
trinh. Do géi cach chdn c6 do cling theo phuong ngang thap nén
céng trinh chiu dugc chuyén vi I6n clia cac tran dong dat va co ty
$6 c&n nhét cao nén sé lam tiéu tan nang luong cla cac tran déng
dat truyén lén phan than céng trinh.

Hai loai g8i cach chdn dang dugc st dung phé bién hién nay la géi
cach chan da I6p va géi cach chan trugt, trong d6 géi cach chéan da l6p
dugc st dung phd bién hon. Géi cach chan da I6p dugc cau tao ti cac
I&p cao su xen kep va gan két véi cac Idp gia cudng (co thé la I6p thép
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méng hodc I&p sgi) va hai tdm dé thép day & day va dinh g6i dé lién
két véi phan dai méng va phan than céng trinh (hinh 1),
Tém &é thép

-Lorp cB0 Su

Lop thep
Hinh 1. Cdu tao clia g6i cach chan da lgp



Ung xtf ngang clia géi cach chan dugc thé hién théng qua vong
1ap tré la mot yéu t6 anh hudng rat I6n dén kha nang cach chan cla
cbng trinh. Vong lap tré cia mét géi cach chan la dudng quan hé gitia
Iuc cdt ngang va chuyén vi ngang clia géi cach chan khi chiu chuyén v
ngang vong lap dang ham diéu hoa hinh sin. Tt cac vong lap tré nay,
hai thong s6 quan trong ctia déc tinh co hoc ctia g6i cach chan dugc
xac dinh la do cliing ngang hiéu dung va ty s6 can nhét. DO cling
ngang hiéu dung clia g6i cach chan c6 gia tri thay déi ing véi cac do
I6n khac nhau cda chuyén vi ngang. Vi vay, khi khai bao dac tinh co
hoc ctia g6i cach chan vé dé ciing ngang hiéu dung ngudi ta thudng
dung dudng quan hé hé luc cat - chuyén vi ngang ctia géi. Pudng
quan hé luc cit - chuyén vi ngang clia g6i cach chan xac dinh tir vong
1ap tré la thong s6 dau vao quan trong trong phan tich hiéu qua giam
hu héng cho cong trinh cach chan day chiu déng dat bang phuong
phap phan tich mé hinh sé.

Nghién cru vé hiéu quéd gidm hu héng cho céng trinh cach
chan day chiu dong dat da dugc thuc hién nhiéu nam qua trén thé
giai [1-3]. § Viét Nam, c6 mét s6 nghién ctiu thuc hién vé hiéu qua
cach chdn clia cong trinh st dung géi cach chan da 16p truyén
théng véi cac I6p gia cudng lam bang thép mong [4-5], mét s6
nghién ctu thuc hién vé hiéu qua cach chan cltia cong trinh dan
dung thap tang st dung géi cach chan dan hoi da 16p cét soi [6-8].
Nhu da néu & trén, hai thong sé trong ting xUt ngang clia géi cach
chan da I6p c6 anh hudng Ién dén hiéu qua cach chan cta cong
trinh cach chan day la dudng quan hé hé luc cét - chuyén vi ngang
va ty s6 can nhét. Tuy nhién, chua c6 nghién clru nao xem xét anh
hudng riéng ré cla tiing thong s6 nay dén kha nang cach chan cua
cong trinh. Nghién ctu anh hudng cla dudng quan hé luc cat -
chuyén vi ngang cla g6i cach chan da 16p dén kha nang chiu dong dat
clia cong trinh cach chan day rat c6 y nghia cho cac nha thiét ké trong
viéc lua chon loai g8i cach chan da Iop co6 dudng quan hé luc cat -
chuyén vi ngang phu hgp véi muc tiéu thiét ké cong trinh.

Bai bao nay nghién ctru vé anh hudng clia dudng quan hé luc
cét - chuyén vi ngang clia g6i cach chan da I6p dén kha nang chiu
dong dat cda cong trinh cach chan day. Mot cong trinh nha khung
két cau bé téng c6t thép (BTCT) st dung ba loai goi cach chan da
I6p véi théng s6 dau vao khac nhau vé dudng quan hé lyc cat -
chuyén vi ngang nhung c6 cling ty s6 can nhét chiu gia t6c nén
cGa mot s tran dong dat da xay ra trong thuc té€ dugc khao sat
bang phan tich mé hinh s6 sit dung phan mém SAP2000. Gia t6c
san va chuyén vi tuang d6i ting tang cla cong trinh trong cac
trudng hgp trén dugc so sanh véi nhau dé thdy dugc dnh huéng
cla dudng quan hé luc ct - chuyén vi ngang clia géi cach chan
dén kha nang chiu déng dat clia cong trinh. Vong I3p tré cla cac
g6i cach chan trong cong trinh chiu dong dat xac dinh ti phan tich
méd hinh s8 cling dugc khdo sat dé thdy dugc dd tin cdy cla
phuong phap phan tich.

2. MO TA VE CONG TRINH NHA KHUNG BTCT SU DUNG GOl
CACH CHAN DA LGP

Mot céng trinh nha sau tang két cau khung BTCT vdi cac théng
sO vé kich thudc va vat liéu gia dinh dugc lua chon nghién ctu.
Cong trinh st dung vat liéu cap d6 bén B15, cét thép nhom ClI.
Kich thudc mat cat ngang dam la 0.30x0.40 m?, c6t 1a 0.30x0.30 m?
va san day 0.12 m. Chiéu cao méi tang la 3.0 m. Khoang cach nhip
theo cac phuong ngang trén mat bang déu la 4.0 m. Tudng 110
dugc xay bao xung quanh céng trinh. Mat bing tang dién hinh cla
céng trinh dugc thé hién trong hinh 2.

Céng trinh st dung téng céng 15 g&i cach chan da 16p clng
loai 6 cung ty s6 can nhét va dudng quan hé luc cét - chuyén vi
ngang la nhu nhau. Céc g6i cach chan nay déu cé kich thudc nhu

nhau va dugc dat Ién bén trén dai méng, bén dudi hé dam d& toan
b6 chan cot tang 1 nhu trong hinh 3. Vi tri g8i cach chan trén mat
bang la naoi giao nhau gita hé dam ngang va dam doc nhu thé
hién trén hinh 2. Céng trinh cach chan day dugc khao sét trong ba
trudng hop, méi trudng hgp chi khac nhau & duong quan hé luc
cét - chuyén vi ngang clia g6i cach chan da Idp, cac théng s6 con

lai la nhu nhau.
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Hinh 2. Mét béng tang dién hinh cong trinh nha khung BTCT
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Hinh 3. Vi tri d3t gdi cach chén trong cong trinh

Cac g6i cach chan da I6p co kich thudc la 360x360x166 mm. Méi
g6i dugc ciu tao tir 21 I8p cao su téng hop xen kep va gén két véi 20
I6p la thép moéng. Mbi I6p cao su va thép day tuong tng la 6 mm va 2
mm. T8ng chiéu day I6p cao su la t= 126 mm. Mé-dun cét clia cao su
theo phuong ngang la G = 0.75 N/mm?2 Hé s6 hinh dang cla cac goi
cach chan 1a S = 15. Theo [9], hé s6 hinh dang clia mét géi cach chan
da I6p duoc dinh nghia bang ty s6 gilia dién tich mat cat ngang goi véi
téng dién tich xung quanh & mat bén ctia mét I6p cao su.

3.PAC TINH COHOC CUA CAC GOI CACH CHAN PAY

3.1. Ung xtrngang cta géi cdch chén

Cac goi cach chan da I6p st dung trong céng trinh déu ¢é cling ty
s6 can nhdt la khodng 8%. Cong trinh cach chan day dugc khao sat
trong 3 trudng hop khac nhau vé dudng quan hé luc cat - chuyén vi
ngang clia g6i cach chan nhu hinh 4. Trong méi trudng hop, 15 géi
cach chan sir dung trong céng trinh c6 dudng quan hé luc cat -
chuyén vi ngang la nhu nhau. D& dé dang khai bao théng sé dau vao
cUa g6i cach chan trong phan tich déng theo thai gian ctia cong trinh
cach chan day chiu dong dat & phan sau, cac dudng quan hé luc cat -
chuyén vi ngang clia g6i cach chan dugc cho dudi dang song tuyén
(g6m hai doan thadng). Ba loai géi cach chan da I6p, ky hiéu la A1, A2,
A3 khéc nhau & ché: & cing mét dé 16n ctia chuyén vi ngang, luc cat
ngang clia goi A1 16n hon clia g6i A2, clia g6i A2 16n han clia g6i A3.

3.2. D¢ cting theo phuong diing

Theo [9], d6 cling theo phuong ding cla g6i cach chan da I6p
duogc tinh theo cong thuc sau:

EA (M

Ky ¢

trong dé, A la dién tich mat cit ngang géi; Ec la mo-dun chiu
nén tuc thoi ctia hén hgp cao su - thép, ddi vai géi cach chan co
mat cit ngang hinh vuéng thi Ec = 6.73GS% Trong nghién clu nay
Ec=6.73x0.75x152 = 1135.69 (MPa). Vay:

K _EA_TT 35.69x360°

. =1168135.71(kN/m);
t, 126
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4. MO HINH CONG TRINH VA TAI TRONG

Phan tich dong theo thoi gian cong trinh cach chan day trong
ba trudng hgp st dung cac loai g6i cach chan da I16p khac nhau A1,
A2 va A3 & trén chiu gia téc nén clia mét s6 tran dong dat thuc té
da xay ra trén thé gidi dugc khao sat theo phuong phap phan tu
hiu han s&t dung phan mém SAP2000 v.15 [10].

4.1. M6 hinh phdn thén

Cong trinh nha khung BTCT dugc mé hinh khéng gian bang
phan mém SAP2000 véi cot va dam dugc mé hinh bang phan tu
thanh, san dugc m6 hinh bang phan t& tdm. San céc tang dugc
khai bdo san tuyét déi cing.

4.2. Biéu kién bién

Cac g6i cach chan dugc mé hinh bang phan t link dang
rubber isolator. Trong khai bao phan ti link dang rubber isolator,
cac dac tinh co hoc ctia g6i cach chan vé ling xr ngang theo hai
phuong nam ngang (X va Y) va ting xr dling theo phuong Z déu
dugc sir dung dé khai bao. Ung xtr ngang ctia géi cach chan dugc
mo hinh bang mé hinh vong 13p tré song tuyén véi 4 théng sé sau:
D6 cling ngang hiéu dung Ker, d cliing ban dau K;, luc cdt ngang &
vi tri chdy F, va ty s6 do cling n = K¥/K;. M6 hinh khéng gian cong
trinh cach chan day dugc thé hién trén hinh 5.
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Hinh 4. Dutng quan hé lyc cat - chuyén vi ngang Hinh 5. M6 hinh c6ng trinh céch
clia cdc gdi cach chan da lGp chdn ddy trong SAP2000

4.3. Bdng gia téc nén cua cdc trdn dpng ddt

Tai trong tac dung lén céng trinh trong cac truong hop la nhu
nhau. Hai bang gia t6c nén cla cac tran dong dat & El Centro, Hoa
Ky (18/05/1940) vai dinh gia téc nén la 0.32g (goi tat la DD1) va
tran déng dat & Victoria, Mexico (09/06/1980) vdi dinh gia t6c nén
la 0.62g (goi tat la DD2); trong d6 g la gia toc trong trudng (g = 9.81

m/s?) dugc lya chon dé khao sat (hinh 6).
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Hinh 6. Gia tdc nén clia céc trdn dong dat: (a) DD1 va (b) DD2
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5. KET QUA VA BINH LUAN

Phan tich déng theo thoi gian cho céng trinh cach chan day
chiu gia t6c nén cda 2 tran déng dat DD1 va DD2 dugc khao sat
theo phuong Y clia cong trinh, phuong X lam tuong tu nén khéng
trinh bay két qua trong nghién ctu nay. Két qua so sanh gia tri
dinh gia téc san tling tang cla cong trinh cach chan day si dung
cac loai g6i cach chan da I6p khac nhau A1, A2, A3 chiu céc tran
déng dat DD1 va DD2 dugc cho trong céac bang 1-2.

Tu cac bang 1-2 thdy rang gia tri dinh gia téc san ting tang cua
cong trinh cach chan day sir dung gdi loai A1 c6 gia tri I6n hon gia
tri tuong Ung cla céng trinh sir dung géi cach chan loai A2 va gia
tri dinh gia téc san ting tang cdia céng trinh st dung géi cach chan
loai A2 cé gid tri I6n hon gid tri tuong Ung cla céng trinh st dung
g6i cach chan loai A3.

Bang 1. Binh gia t6c san tiing tang cla céng trinh chiu tran
déng dat DD1

Cong trinh st dung gdi cach chan

Tang
Al A2 A3
Tang 1 0.24g 0.17g 0.12g
Tang 2 0.19g 0.14g 0.10g
ITang 3 0.13g 0.10g 0.08g
Tang 4 0.16g 0.14g 0.12g
ITang 5 0.24g 0.18g 0.14g
ITang mai 0.28g 0.20g 0.16g

Bang 2. Pinh gia t6c san tling tang cha céng trinh chiu tran
déng dat DD2

Cong trinh sir dung géi cach chan

Tang
Al A2 A3
Tang 1 0.23g 0.17g 0.11g
Tang 2 0.19g 0.13g 0.08g
ITang 3 0.13g 0.10g 0.08g
Tang 4 0.24g 0.16g 0.10g
ITang 5 0.32g 0.25g 0.16g
ITang mai 0.36g 0.29g 0.20g

Két qua so sanh gia tri I6n nhat va nhé nhat cta phan ng
chuyén vi tuang d6i tling tang cla cong trinh cach chan day su
dung cac loai géi cach chan da 16p khac nhau A1, A2, A3 chiu gia
t6c nén clia cac tran déng dat DD1 va DD2 dugc thé hién trong
hinh 7. TU hinh vé thdy rang gia tri chuyén vi tuong ddi tiing tang
cla coéng trinh cach chan day st dung géi A1 I6n hon gia tri tuong
Ung clia cdng trinh st dung g&i A2 va gia tri chuyén vi tuong déi
tiing tang clia cong trinh st dung géi A2 16n hon gia tri tuong Ung
cla céng trinh st dung goi A3.
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Hinh 7. Gid trj 16n nhat va nhé nhat cla phan tng chuyén vi tuong ddi tiing ting cla
¢dng trinh céch chdn day chiu gia toc nén cia céc tran dong dat: (a) DD1va (b) DD2



120 160

Luc cat (kN)

Chuyén vi ngang (mm)

€)

= 20 |

X

= . ‘ s ‘ ‘

=

©-160 120 80 Y40 80 120 160
5.

- 40+

Chuyén vi ngang (mm)

(b)

-160 -120

Luc cat (kN)

Fatal

160

Ot

Chuyén vi ngang (mm)

()

Hinh 8. Vong ldp tré cta cac gdi cach chdn 6 vi tri 3B trong cdng trinh cach chan ddy chiu tran dong dat DD1:
(a) GGi A1, (b) Goi A2 va (c) G6i A3

Hiéu qua cach chan clia cong trinh cach chan day chiu dong
dat la théng qua viéc gidm gia tri cla hai théng sé dinh gia tc san
tiing tdng va chuyén vj tuong déi tiing tang. TU cac bang 1-2 va
hinh 7 thay rang céng trinh st dung géi cach chan A3 ¢6 hiéu qua
cach chan tét hon cong trinh st dung goi cach chan A2 va céng
trinh st dung g6i A2 cach chan t6t hon cong trinh sir dung goi A1.
Nhu vay, dudng quan hé luc cét - chuyén vi ngang cla géi cach
chan da 16p c6 anh hudng dén hiéu qua cach chan clia céng trinh
cach chan day. Cac gé6i cach chan c6 luc cat ngang nhoé hon khi
cung so sanh & mot dé 16n chuyén vi ngang trong dac tinh ¢ hoc
cla né sé lam cho cong trinh ¢6 kha nang cach chan tét hon khi
cung chiu gia téc nén ctia mot tran dong dat.

Két qua vong lap tré cha cac gobi cach chan da lop A1, A2, A3 st
dung trong céng trinh cach chan day khi chiu tac déng cla tran
déng dat DD1 dugc thé hién trong cac hinh 8. Quan sat gia tri luc
cét tuong Ung vdi gia tri chuyén vi ngang trong hinh 8 cla cac loai
gé6i cach chan tuang déi phu hop véi céc gia tri tueng ling trong
dudng quan hé lyc cit - chuyén vi ngang & hinh 4. Biéu nay thé
hién rang viéc phan tich déng theo thgi gian céng trinh cach chan
day chiu dong dat bang phan mém SAP2000 cho két qua tuong
déi tin cay.

6. KET LUAN

Nghién ctu nay trinh bay anh hudng ctia duong quan hé luc
cét - chuyén vi ngang cla géi cach chan da I6p dén hiéu qua cach
chan cla cong trinh chiu déng dat. Phan tich déng theo thdi gian
cdéng trinh cach chan day chiu dong dat trong ba trudng hop su
dung g6i cach chan da I6p véi ba dudng quan hé luc cét - chuyén
vi ngang khac nhau. So sanh hiéu qua cach chan clia cong trinh
cach chan day théng qua viéc giam gia tri ctia hai thong s6 dinh
gia téc san tiing tang va chuyén vi tuong déi tiing tang cho thdy
cac goi cach chan co luc cat ngang nhé hon khi cling so sanh &
mot do 16n chuyén vi ngang sé lam cho céng trinh ¢ kha nang
cach chan t6t hon khi cling chiu gia t6c nén clia mét tran dong
dat. Diéu nay rat c6 y nghia cho cac nha thiét ké trong viéc lua
chon loai g6i cach chdn phu hop st dung trong cong trinh cach
chan day.
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