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Tém tit. St dung géi con lac ma sat don trong thiét ké khang chan bang k¥ thuat cach chan day da tro
nén pho bién trén thé gioi, hi¢u qua giam chan ctia n6 ciing dugc danh gia cao. Nhuge diém ctia ky thuat
cach chan day la chuyén vi ngang 16n cta gbi va phan két cau bén trén. Do d6 chuyen vi ngang 16n nhat
ctia gbi thuong rat dugce quan tdm trong qué trinh thiét ké. Trong thiét ké so bo, thong sb nay duoc cho phép
x4c dinh nhanh bang phuong phap luc ngang twong duong. Theo phuong phap nay, két ciu bén trén s&
duogc gia thuyét 1a mot kh01 cung khi thoa man mot so tiéu chi dugc quy dinh. Gia thuyet nay co the lam
sai 1éch mg xtr cia két cdu cach chan. Nghién ctru nay s€ khao sat anh huong tinh mém cua két cau dén
g xur chuyén vi 16n nhét cua gbi va gia toc tuyét d01 ctia két cAu bén trén. Két qua phan tich theo lich sur
thoi gian tir nhiéu mé hinh sé khac nhau bang phan mém OpenSees dugc st dung dé danh gia.

Tir khoa. cach chan day, gdi con lic ma sat don, chuyén vi ngang, thiét ké khang chan.

1 GIOI THIEU

Céch chat day 1a phuong phap thiét ké khang chin mang lai hiéu qua rd rét, diéu nay di dugc nhidu
nghlen ctru trudce day chi ra. Ky thuét nay duogc phat minh ra cach day hon 100 nam va hi¢én nay du'oc su
dung rat phd bién trén khap thé g101 Tai mot s6 qudc gia tién tién nhu Nhat Ban, My va nhimg qudc gia
khac ¢ chau Au, k¥ thuat cach chin day da duogc st dung rat sém va dat duoc nhitng hiéu qua cao trong
hiéu qua giam chin. Nhimng cong trinh tiéu biéu c6 thé chi ra nhu: cong trinh Foothill Communities Law
and Justice Center tai bang California duoc cach ly bang bang 98 gdi cao su ty nhién; Toa thi chinh Oakland
& Oakland, California, cong trinh ndy dugc cach chan bang 110 gdi cao su c6 15i thép; trung tam dit liéu
West Japan Postal Computer Center, Nhat Ban, cong trinh dugc cach chin trén 120 géi cao su co 101 chi;
Trung tdm hanh chinh cong ty vién thong qudc gia tai Ancona, Y...[1] Nguyén Iy cta k¥ thuat nay 1a lam
cho két cAu cach chin tré nén mém di, chu ky co ban cta két cau cach chan ting 1én va tranh xa cac ving
chu ky trdi ciia nhiing tran dong dat. Dé két cAu cach chan duge mém di, mot thiét bi duoc goi la géi cach
chan dugc dat chén vao giita két cau bén trén va két cAu mong. Goi cach chan duge sir dung gan day thuong
¢6 nhiéu loai nhu: géi €ao su, géi con lic ma sat, ... Pac diém chinh cua nhitng dang géi cach chin 1a do
climg ngang ciia nd nho hon rat nhiéu so véi do cimg ngang cta két cdu bén trén va kha niang dich chuyén
ngang cua gdi 16n. Chinh nho ddc diém nay, khi nhitng tran dong dat xay ra, nang lwong cua chiing truyén
vao két ciu s& bi cac gdi cach chan cach ly va lam giam dang ké. Vé phuong dién ning luong, dic diém
chinh cta k¥ thuat nay 1a phan 16n niang lugng do chuyén dong nén sé& bi cach ly khong cho truyén vao két
cAu, mot phan nho sé& tiéu tan thong qua tinh ma sat ctia gbi khi chuyén dong.

Chinh vi d6 cimg ctia két cdu bén trén 16n hon nhiéu so voi d6 cimg cua géi nén trong mot s6 mo hinh
tinh, két ciu bén trén s& dugc ly tudéng hoa nhu mot khéi cung (bo qua tinh mém cua két cau) [2]. Nhu’ng
tiéu chuan thiét ké khang chan cia My [3] hay Chau Au [4] cung cho phép bo qua tinh mém cua két cau
bén trén trong phuong phap lu:c ngang tuong ducmg khi két cAu thoa mén mot sb tiéu chi dé ra. Khi ching
ta 1y tuong hoa toan bg két ciu bén trén nhu mot khoi cu'ng c6 thé sé gidi quyet bai toan mot cach don gidn
va nhanh chong Tuy nhlen viéc bo qua do cu:ng cua két cau bén trén c6 thé it nhleu s& anh hudng dén tmg
xtr ctia két cAu. Mot s6 nghién ciru trude va gan day da tién hanh danh gia lai vin dé nay. Kulkarni va cong
su [5] tién hanh mot nghién ctru nham so sanh phan tng két cdu nha nhiéu tang dugc cach chin day bang
cac dang gbi cao su va gdi truot trong hai trudng hop: két ciu bén trén duoc 1y tuong hoa nhu mot khdi
clng va c6 xét dén tinh mém. Két qua cua nghién ctru nay da chi ra rang dich chuyén cua gbi 1a khong c6
su khéc biét, do d6 co thé mo hinh két cdu nhu mot khéi cimg c6 thé sir dung dén xac dinh chuyén vi ctia
gbi. Gia tdc tuyét dbi trong cac tang ciing dugc danh gia. Theo d6, gia tde san bi anh huéng voi nhimng két
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chu rat cimg duoc cach chan bang gdi cao su. Nhiing két cau c6 do cting nho thi khong anh huong dén gia
tdc khi ching duoc mé hinh nhu mét khéi cimg. Tuy nhién, trong nghién ciru nay chi sir dung ba bang gia
toc nén va s6 lugng mo hinh phan tich chu dii 16n dé c6 thé danh gia mot cach day du. Ciing trong mot
nghién ctru khéac twong tu ctia nhdm nay [6], hai mo hinh cach chan co xét va khéng xét dén do clmg ciia
két cau bén trén dugc phén tich dé danh gia anh huong cta tinh mém. Gbi cach chan trong nghién ctru ndy
1a gbi cao su c6 15i chi va khong co 16 chi. Két qua nghlen clru cting chi ra rang chuyén V1 cua g01 cling
khong bi anh huong Trong kho d6 gia tdc tuyét ddi trong két cau c6 su thay doi khi mot sO thong sO trong
g0i ¢ su thay ddi. Kanbir va cong sy [7] thuc hién mot nghién ctru khao sat hai két cAu cach chan bang g0i
cao su c6 13i chi, mot két cau 1a khung nha 4 ting va mot két cdu 1a khung nha 9 ting. M6 hinh két ciu
dugc xay dung theo 3 cach: m6 hinh mét bac ty do (1 DOF), mé hinh hai bac ty do (2 DOF) va mé hinh
3D. Két qua phan tich tir 3 mé hinh dugc so sanh dé dua ra danh gia anh hudng ciia mé hinh dén tmg xr
ctia két cAu. M6 hinh 1 DOF dugc xiy dung xem nhu két cAu bén trén nhu mot khdi cirng, mé hinh 2 DOF
xem ket cau bén trén c6 mot do cung va két cau 3D 1a két cau that. Két qua chuyén vi goi cia m6 hinh 2
DOF gan g10ng mo hinh 3D, mo hinh 1 DOF cho két qua cao hon Gia tdc trong mé hinh 1 DOF va 2 DOF
gan voi gia tdc trong nhimg tang giira ciia mo hinh 3D, nhung tang khac trong md h1nh 3D c6 gia toc 16n
hon. Ghanbari va cong su [8] nghién ctu kha nang phuc hdi chuyén vi vé tim cta g01 con lic ma sat don
¢6 phu thudc vao nhung dac trung ctia két cau bén trén. Két qua chi ra nhitng thong sb ctia két ciu bén trén
¢6 anh huéng chuyén vi du cta gbi con lic.

Nhin chung, nhimng két qua nghién ciru trén cho thay tinh mém cua két ciu bén trén c6 anh hudng dén
phan tmg cua két ciu cach chin. Nhu chung ta dd biét, nhugce diém cua két cdu cach chén 1a chuyén vi
ngang ctia no thuong rat 16n. Do d6 viée xac dinh chuyén vi ngang 16n nhét cta gbi trong két ciu cach chin
thuong rat dugc quan tam. Pé tinh toan nhanh chéng, viéc mé hinh hoa két ciu bang cach bo qua tinh mém
ctia két cAu bén trén thuong hay thyc hién nhu da dé cap o trén, diéu nay c6 thé anh huong dén két qua tinh
toan. Nhu:ng nghién ciru trén ciing da chi ra diéu nay. Tuy nhién nhiing dit li€u phén tich cua nhiing nghién
ciru trén vé ndi dung nay chua duoc thuc hién nhiéu. Do d6, nhimng nghlen ctru mang tinh khao sat trén
nhiéu mé hinh cin duoc thyc hién dé c6 thé danh gia diy du hon la can thiét. Trong ndi dung nghién ctru
nay, két cau cach chdn dugc mé hinh theo hai cach: b qua tinh mém cia két cdu (hé 1 bac tu do, khéi
luong cua toan bd két cau bén trén va cua gbi duoc gop chung) va c6 xét dén tinh mém cua két cdu (hé 2
béc tu do, bao gom két cAu bén trén va gdi). Goi cach chén str dung 13 gdi con lic ma sat don c6 cu tao
nhu Hinh 1. Nhidu mé hinh duoc phén tich bang cach thay d6i thong sé do cimg ctia két ciu, thong sb ctia
gbi va thyc hién trén nhiéu dir liéu gia téc nén. Hai thong s6 g xir ctia két cAu can quan tim danh gia la
chuyén vi ngang 16n nhat cta gbi va gia toc tuyét déi trong két ciu.

Goi con lic ma sat don (Single Friction Pendulum, géi SFP) dugc sir dung phé bién hon gan day bGi
nhung wu diém cta no so voi cac dang gdi cao su [9]. Gbi SFP dugc lam tir thép chong ri. CAu tao clia g01
gdm mot mit cong c6 ban kinh R, bén trong 1a mot con lic trugt trén mét cong. Hé so ma sat gitta con lic
va mat cong 1a x4 Thanh truot ganh dd dugc mot tai trong thang dung 16n tir két cau bén tren Ban kinh
cong s& tao ra d6 cing ngang cho g01 dam bao kha nang phuc hdi vé trung tam khi gia tc nén két thuc. Hé
s0 ma sat tao ra mot do cung ban dau gitp cho ket cau on dinh va gop phan tleu tan nang luong do dong
dét gay ra. D cimg ngang va hé s6 ma sat cta gbi SFP khong thay dbi cho moi cip do dong dat.

—

Hinh 1: G&i con lic ma sat don [9].
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2 MOHINHKET CAU
Chuyén dong ctia gdi SFP nhu Hinh 1 dugc cac nghién ciru trude mo ta rét chi tiét [10], [11]. Dudi tac dong
cua chuyén dong nén, con lac s€ dich chuyén ngang khoi vi tri trung tim mot doan la u. Ban kinh cong R
clia mdt cong s€ tao ra d§ cing ngang ky cua goi, thanh phan lyc dan hoi s€ sinh ra do d¢ cing ngang nay.
Gitlra con ldc ma mat cong s€ phat sinh thém thanh phan luc ma sat do ap luc ding la tong trong luong két
céu bén trén gbi W va hé sb ma sat . Phuong trinh chuyén dong ctia gdi s& dugc viét nhu Phuong trinh (1).
F =ku+W u (1)
trong do: do ctrng ngang ky = W/R, hé s6 ma sat 4 s€ phu thudc vao véan tdc truot U cua con lic duge xac
dinh theo Phuong trinh (2) [12]

Ho = Hy = (e = Hn )& )
trong d6: fimax VA fmin 14 hé s ma sat 16n nhat va nho nhat ctia con lic va mit cong, @ (s/m) 14 hé sé phu
thudc va vat liéu bé mit va ap luc dung.
Pudng mg xir tré mo ta quan hé giira luc ngang F va chuyén vi ngang u nhu Hinh 2 [11].

W
2u
U

M

Hinh 2: Puong tng xr tré ciia gdi SFP.

1
R

Két cdu cach chén bing gbi SFP chiu tac dong cua chuyén dong nén bai gia toc d, duoc thiét 1ap nhu

mo hinh & Hinh 3. Khi két ciu bén trén duoc xem nhu 12 mot khdi cimg, c6 nghia 1a khong xét dén tinh
mém cua két ciu, mé hinh tinh toan thé hién nhu Hinh 3a. M6 hinh cho truong hop ndy xem nhu hé mot
béc ty do (mé hinh 1 DOF). Khi khao sat cho trudng hop c6 xét dén tinh mém cua két ciu bén trén thi mo
hinh duoc thiét 18p nhu Hinh 3b. M6 hinh nay xem nhu hé c6 2 bac ty do (m6 hinh 2 DOF).

Mo
R = L=y
a) — -2 b) -2

Hinh 3: M6 hinh két cdu, a. Khong xét tinh mém (mé hinh 1 DOF), b. C6 xét tinh mém (mé hinh 2 DOF)

(ms + my)

Nhirng thong s6 vat 1y trong mé hinh tinh toan bao gdm: khéi lwong két ciu bén trén va gbi 1a ms va m,
d6 cung va hé s6 can cua két cAu 1an luot 1 ks va cs. Hé sb can cua két cAu duoc xéac dinh thong qua ti $6
can & va tan sb dao dong @ nhu sau, Phuong trinh (3):

C, =2mim (3

Do cling cua két cau ks duoc xac dinh thong qua chu ky co ban ctia két cdu 1a Ts cho trudc.

Trong phuong phap luc ngang tuyén tinh twong duong dugc chi dan trong ASCE 7-16 va Eurocode 8
yéu cau chu ky hiéu qua cta két cdu cach chan Tett phai 16n hon ba lan Ts. Trong nghién ctru nay, tinh mém
ctia két cdu bén trén thay doi thong qua hé s6 SF = Ten/Ts. Hé so SF cang 16n thi d6 ctng két cau bén trén
ks cang 16n. Khi SF 16n hon 3 thi phuong phép luc ngang tuyén tinh twong dwong trong ASCE 7-16 va
Eurocode 8 ¢6 thé dugc 4p dung. Chu ky hiéu qua Terr c6 thé xac dinh theo Phuong trinh (4) [13]:
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w
gKeﬁ
trong do: do cimg hiéu qua Ket = FnaD, Fmax va D lan luot 1a luc ngang va chuyén vi ngang 16n nhat
cua goi. Nhung dai luong nay dugc xac dinh thdng qua ng xtr cta két cAu theo mo hinh 1 DOF dudi tac

dung cta chuyen dong nén. Pé xac dinh nhiing dai luong niy, mé hinh két cau nhu Hinh 3 duoc phén tich
thong qua phan mém OpenSees [14].

Ter =27 (4)

3 PHAN TiCH CAC MO HINH Vi DU SO

Dé minh hoa va danh gia két qua, nghién ctru tién hanh phan tich nhimg mé hinh vi du sé theo nhu co so
ly thuyét trinh bay ¢ phan trén. Két qua phén tich theo hai mé hinh 1 DOF va 2 DOF s& dugc so sanh dé
thao luén va rit ra nhimg két luan.

3.1 Théong s6 mé hinh két ciu

Két cdu 1 DOF: két cau bén trén c6 khdi lugng ms = 5.10° Ns?/m, khdi lwong ctia gbi mp = 1.10° Ns?/m. Ti
s6 can cua két cAu 1a £=2%. Thong sb cua gbi: ban kinh mit cong R cua gdi thay ddi theo cac gia tri 2 mét,
3 mét, 4 mét va 5 mét; hé sb ma sat u thay doi theo cac gia tri 4%, 6%, 8%, 10%, 12% va 15%. Nhu viy
bang cach thay dbi thong s R va u cia gbi, ta s& c6 24 mo hinh 1 DOF. Hai théng sb cua gdi 13 ban kinh
cong va hé s6 ma sat anh hudng truc tiép dén tmg xir cia gdi va két cu bén trén. Viée thay ddi nhitng thong
sd nay trong khao sat s& giup két qua trd nén diy du hon.

Két cu 2 DOF: cho d¢ ctg cta két cdu ks thay ddi tir nho dén 16m (két cAu mén dén két ciu cting) bang
cach cho hé s6 SF thay ddi tir 1, 2, 3, ... d&én 10. Vi cach thay d6 nay, ta s& can phan tich 240 m6 hinh 2
DOF. M6t mé hinh 1 DOF ta s& ¢6 10 mé hinh 2 DOF twong tmg véi cac gi tri ks thay d6i theo SF. Nhu
vay, sau khi phan tich mét mé hinh 1 DOF, ta s& xac dinh duogc Terr va 10 gia tri Ts sau do. Gia tri do cliing
két cau bén trén duoc xac dinh theo Phuong trinh (5):

2
k= 4”—msz (5)
(Teff /SF)

3.2 Th6ng s0 gia toc nén

Gia toc nén sir dung cho phan tich 12 14 bing gia tdc gin phay dit gy tinh tir tram do (Near-Field record)
khoang cach gan nhét tir tram do dén phay dut gay (Rrup) thuong nho hon 10 km, ¢é chira cac Xung van tdc.
Gia tri gia téc dinh (PGA) nho nhét 1a 0.22g va 16n nhit 14 0.87¢. Gia tri van téc dinh PGV déu 16n hon 20
cm/s. Ti s6 PGV/PGA cua tat ca cic bang gia toc déu 16n hon 0.1s. Nhitng bang gia téc nay thudc trong
nghién ctru ctia du 4n ATC63 [15]. Pay la nhimng bing gia tdc clia nhimg tran dong dit manh, c6 cuong do
tir M6.5 dén M7.6, trung binh 1a M7.0. Phd gia toc cua 14 bang gia téc nay va phd trung binh dugc phan
tich nhu Hinh 4. Nhitng thong s6 co ban ciia 14 bang gia toc nay dugc trinh bay trong Bang 1 [15].
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m—— Trung binh

Sa (g)

Chu ky, T(s)
Hinh 4: Ph gia tc.

Bang 1: Gia téc nén str dung trong phuong phap THA [14].

A A e o Rrup Vs,30 PGA PGV
RSN Tran dong dat Tram do Nam | My (km) (mls) @ (cm/s)
181 | Imperial Valley-06 El Centro Array #6 1979 | 6.5 14 203 044 | 111.9
182 | Imperial Valley-06 El Centro Array #7 1979 | 6.5 0.6 211 0.46 | 108.9

1980 | 6.9 10.8 1000 0.31 45.5
1987 | 6.5 1.0 349 0.42 | 106.8
1989 | 6.9 8.5 371 0.38 55.6

Sturno
Parachute Test Site
Saratoga - Aloha

292 | Irpinia, Italy-01
723 | Superstition Hills-02
802 |Loma Prieta

821 |Erzican, Turkey Erzincan 1992 | 6.7 4.4 275 0.49 95.5
828 | Cape Mendocino Petrolia 1992 | 7.0 8.2 713 0.63 82.1
879 |Landers Lucerne 1992 | 7.3 2.2 685 0.79 | 104.3
1063 | Northridge-01 Rinaldi Receiving Sta 1994 | 6.7 6.5 282 0.87 | 167.3
1086 | Northridge-01 Sylmar - Olive View 1994 | 6.7 5.3 441 0.73 | 122.8
1165 | Kocaeli, Turkey Izmit 1999 | 75 7.2 811 0.22 29.8
1503 | Chi-Chi, Taiwan TCUO065 1999 | 7.6 0.6 306 0.82 | 127.7
1529 | Chi-Chi, Taiwan TCU102 1999 | 7.6 15 714 0.29 | 106.6
1605 | Duzce, Turkey Duzce 1999 | 7.1 6.6 276 0.52 79.3

3.3 Két qua phan tich va thio luin

V6i thong sb két cau va gia tbe nén nhu trén, ta tién hanh phan tich 24 mé hinh 1 DOF chiu lan luot 14
bang gia toc. S6 lugng cac phan tich cho hé 1 DOF 1a 336 luot phan tich. Sau mot lugt phan tich mé hinh
1 DOF, ta tién hanh phan tich 10 mo hinh 2 DOF theo cac d cing thay d6i duoc xac dinh nhu Phuong
trinh (6). S lwong cac phén tich cho mé hinh 2 DOF 14 3360 luot.

Chuyén vi ciia gbi ctia mé hinh 1 DOF va 2 DOF lan luot 14 Up va Ups. Sai s ctia chuyén vi gdi 1a Eryp
dugc xac dinh theo Cong thirc (6). Twong tu cho cach tinh nay, sai so gia tc tuyét ddi trong két ciu ciing
duoc xac dinh cho hai mo hinh.

|Ubs B Ub|
Er, =———.100% (6)
Ubs

Danh gia anh hudng ctia thong sd kS/ thuat ctia gdi dén sai sai ing xir cla két cau, két qua dugc thé hién
nhu Hinh 5 va Hinh 6. Hmh Sa cho thay khi ban kinh cong tang thi sai s6 chuyén vi gbi c6 xu huéng tang,
Hinh 5b thi phan anh sai sb cua gia tdc tuyét dbi trong két ciu co xu hucmg glam khi ban kinh cong cua g01
tang. Tuy nhién, truong hop ban kinh cong nho nhat (R = 2 m), sai sb cia gia toc tuyét di trong két cau co
xung hudng giam.
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Hinh 5: Anh hudng béan kinh cong R dén sai s6 ctia hai mé hinh.

Hinh 6 thé hién anh huéng ctia hé sb ma sat trong gdi dén sai s ctia hai mé hinh. Hinh 6a cho thy khi
hé s6 ma sat tang thi sai sb chuyén V1 gbi co xu huong tang, Hinh 6b thi phan anh sai s6 gia toc tuyét dbi
trong két cAu ciing tang khi ting hé s6 ma sat trong gbi.

~ 20 12 10 4110,7411,34
S
S s 14111511 s 10
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= 5 10901083 &
= = 51
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- > 3 2
=
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12 15
a) Hg s0 ma sat p (%) b) Hg s0 ma sat p (%)

Hinh 6: Anh hudng hé sb ma sat 4 dén sai s6 clia hai mo hinh.

Khao sat tinh mem cua két cdu thay db6i thong qua hé sb SF. Khi hé sb nay tang, két cAu bén trén cung
hon (ks tang). Sai s6 cia chuyen vi goi dugc trinh bay trong Hinh 7, sai s gia toc tuyet dbi trong két cAu
du'oc trinh bay trong Hmh 8. Ket qué nay cho thiy, khi két cdu bén trén ctng thi sai s nay sé giam. Gia tri
sai sO rat 16n khi két cAu rat mém (tru(mg hop SF = 1) va nguogc lal (truong hop SF =10). Trong cac tiéu
chun thiét ké caa My [3] va chau Au [4], cho phép bod qua tinh mém cua két cdu trong phucmg phap luc
tuyén tinh tvong dwong khi SF 16n hon 3. Tuy nhién, theo két qua khao sat & day, khi SF bang 3, sai s6 cho
chuyén vi gbi 13 12.62% va cho gia toc 13 9.42%.

(o2}
o

48,31

o O

e

Sai s6 chuyén vi gbi (%)

18,00

12,62
9,45

I 78l 660 554 493 434 392
. H B s mm =

5 6 7 8 9 10
Hé $6 SF = T /T,

= N W b~ O
o o

o o

Hinh 7: Sai s6 chuyén vi gbi khi ting d¢ ctg két cau.
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809 779 747 720 721 719
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Hinh 8: Sai s6 gia tdc két cdu khi ting d6 cimg két cu.

Nhing gia tri khao sat trong cac hinh tir Hinh 5 dén Hinh 8 14 gi trj trung binh cua tat ci céc trudng
hop phan tich. Tuy nhién, trong nhicu truong hop nhiing sai so nay 16n hon rat nhiéu. Mot so két qua tur
Hinh 9 dén Hinh 14 minh hoa cho mot s truong hop cé sai s0 16n nhat. Nhitng truong hop nay dugc khao

sat voi hé s6 SF bang 3.

Hinh 9 thé hién gia tri gia toc tuyét dbi trong két cau tang 16n nhét (23.26%) khi bé qua tinh mém cua
két cau. Hinh 10 thi nguoc lai, gia tri nay bi giam nhi€u nhat khi bo qua tinh mém cuia két cau (40.54%).
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Hinh 9: Gia tbc trong két cdu ting khi bo qua tinh mém két cdu.
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o
[ 'y
g 0 A
€
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© 05t
1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40

Thaoi gian(s)

Hinh 10: Gia tdc trong két cdu giam khi bo qua tinh mém két cu.

Tuong tu, khi khao sat lich st chuyén vi ngang cua géi theo thoi gian, mé hinh cho Kkét qua chuyén vi
trinh bay ¢ Hinh 11 c¢6 d4u hiéu giam nhiéu nhat (41.98%) khi bé qua tinh mém ciia két cau. Hinh 12 1a
dudng g xir tré ciia gbi cho mé hinh trudng hop nay. Hinh 13 va Hinh 14 thi nguoc lai, ddu hiéu chuyén
vi gbi ting nhiéu nhat khi bé qua tinh mém trong két cau (45.26%).
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Hinh 11: Chuyén vi gbi giam khi bé qua tinh mém két cau.
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Hinh 12: Puong tng xir tré ctia gdi, chuyén vi gdi giam khi bo qua tinh mém két céu.
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Hinh 13: Chuyén vi gdi tang khi b6 qua tinh mém két céu.
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Hinh 14: Pudng tmg xr tré ciia gbi chuyén vi gdi, tang khi bo qua tinh mém két cu.

4 KETLUAN

Mot so két luan cho ngién ctru nay nhu sau:
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Thiét 1ap mo hinh sé phuc vu cho khao sat két cdu cach chan bang gbi con lic ma sat don trong hai
truong hop: c6 xét va khong xét tinh mém ciia két cau bén trén.

Tién hanh phan tich 336 luot cho 24 mé hinh két cau cach chin bo qua tinh mém (mé hinh 1 DOF) va
3360 luot cho 240 mo hinh két ciu cach chin c6 xét dén tinh mém cua két cdu bén trén (m6 hinh 2 DOF).
Két qua phan tich da cho thay anh hudng tinh mém két céu bén trén va thong s6 ky thuat ctia gbi dén g
xir ctia két cau cach chan.

Trong céc tiéu chuan thiét ké hién tai cua My va chau Au, tinh mém cua két cu duge bo qua khi chu ky
hiéu qua cua két céu céch chan 16n hon ba lan chu ky co ban cua két cAu. Tuy nhién, qua két qua khao sat
nay cho thiy sai s6 nay van con 16n. Cu thé: sai sé cua chuyén vi g01 la 12.62% va gia toc tuyet dbi trong
két cau la 9.42%. Diéu nay can duoc xem xét cn nhic trong cac thiét ké. Diac biét, sai sb chuyen vi ngang
ctia gdi can phai kiém soat ki hon dé dam bao khoang tréng can thiét cho chuyén vi ngang ctia gdi khi cong
trinh chiju dong dat.
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INVESTIGATION OF THE INFLUENCE OF SUPERSTRUCTURE FLEXIBILITY ON
THE BEHAVIOR OF BASE-ISOLATED STRUCTURES

NGUYEN VAN NAM
Faculty of Civil Engineering, IUH - Industrial University of Ho Chi Minh City
Corresponding author: nguyenvannam@iuh.edu.vn

Abstract. The use of single friction pendulum bearings in seismic design with base isolation techniques
has become popular worldwide, and its damping efficiency is highly regarded. However, the disadvantage
of base isolation techniques is the large lateral displacement of the bearings and the superstructure.
Therefore, the maximum lateral displacement of the bearings is always a major concern during the design
process. In preliminary design, this parameter is allowed to be quickly determined using the equivalent
lateral force procedure. According to this method, the superstructure is assumed to be a rigid body when
certain specified criteria are satisfied. This assumption can be the cause of distortion in the behavior of the
isolated structure. This study aims to investigate the influence of structural flexibility on the maximum
displacement of the bearings and the absolute acceleration of the superstructure. The time history analysis
results from various numerical models using OpenSees software were utilized for evaluation.

Keywords. base isolation, single friction pendulum bearing, lateral displacement, seismic design.
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