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Tém tat. Chuyén vi ngang 1a mot trong nhimng bat loi ctia két cau cach chan. N6 can phai dugc xac dinh
mot cach chinh x4c trong giai doan thiét ké. Bai bao nay trinh bay cach xac dinh chuyén vi ngang 16n nhat
ctia hé cach chin sir dung goi con lic ma sat ba biang phuong phép luc tuyén tinh twong duong (Equivalent
linear force) theo Tiéu chuan ASCE/SEI 7-16. Nghién ctru tién hanh phan tich mot vi du sé hé mot béac tur
do dé xac dinh chuyén vi ngang 16n nhat ctia hé cach chén bang hai phuorng phap: phuong phap luc tuyén
tinh twong duong va phuong phap phén tich phi tuyén theo lich str thoi gian (Nonlinear time-history). Thong
qua vi du 0 nay, cac bude trong phuong phap luc tuyén tinh twong dwong dugc 1am rd hon, d6 chinh xac
cua no cling dugc dugc danh gia va mét dé xuét hiéu chinh duoc dua ra.

Tir khéa: phuong phap luc tuyén tinh twong duong, gdi con lic ma sat, két cau cach chan, du doan chuyén
vi, phi tuyén theo lich sir thoi gian.

1. GIOI THIEU

Ky thuat cach chan day 12 mot giai phap hitu hiéu dé giam thiét hai cho cong trinh va con nguoi khi dong
dat xay ra. Pay 1a mot trong nhitng cong nghé didu khién ket ciu bi dong. ‘Trong ky thuat nay, mot g01 cach
chan c6 d6 cimg ngang nho duoc dit chén vao gitra két cau bén trén va két cdu mong. Co nhiéu thiét bi g01
céch chin da dugc nghién ctru va sir dung cho nhitng cong trinh thiét ké khang chan. Hién nay, mot thiét bi
gbi cach chan cai tién c6 nhiéu vu diém va dugc str dung phd bién nhét 1a gbi cach chan con lic ma sat ba
(triple friction pendulum bearing, g6i TFP). Goi TFP dugc phat minh boi Zayas va Low nam 2006 [1]. Ciu
tao ctia loai gbi cach Chan nay dugc mé ta nhu trén Hinh 1. Theo do, mét goi cach chan ma sat con lic ba
c6 hai ban thép sd 1 va sd 2 ngoai cung dang chom cau 16m, mot ban duoc ndi vao chan cong trinh, ban
con lai duge ndi vao mong. Giira hai ban thép nay 1a ba con 150 truot tiép xtc nhau (sé 3, s6 4 va sb 5). Nho
lue ma sat gitra cac con lic v6i nhau va gitra con lic v6i cac ban thép ngoai cung ma khi lyc ngang con du
bé thi chuyén vi truot khong Xy ra. Diéu nay di gitip cho cong trinh dimg 6n dinh tai vi tri trung tdm cua
con 1ac Nhiing mat cong ctia goi vai nhitng ban kinh tuong ting s€ tao nén d6 cung ngang cho goi.

Két ciu cach chan day co co do cling ngang nho, chu ky co ban lon, didu nay lam cho no tranh xa vang chu
ky troi cuia nhiing tran dong dat Nhu'ng wu diém ndi bat cia ki thuat cach chan day co thé ké dén nhu: giam
gia toc tuyét 601 trong céc tang, giam chuyén vi ngang tuong ddi gitra cac tang. Tuy nhién, do do cung
ngang cua két cau cach chan nho nén no co chuyen vi ngang thuong 16n [2], day 1a mot bat loi cia ky thuat
cach chan day. Véi han ché nay, néu nguoi thlet ké khong danh gia dung gia tri chuyen vi 16n nhat cta két
cAu s& dé lai nhitng mi nguy hiém cho két cdu khi c6 dong dit xay ra. Mot nguy hiém d& nhan thiy 1a su
va cham cua nhimng két cau gan nhau c6 chuyén vi ngang 16n. Sy va cham nay s& lam tang luc cit day trong
két cdu 1én rat 16n [3]. Do d6, van dé du bao chuyén vi ngang 16n nhat ctia hé cach chan day trong giai doan
thiét ké 1a rat quan trong.
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Hinh 1. G6i cach chan ma st con lic ba [1].

Theo nhidu nghién ctru trudce day, phuong phap phén tich phi tuyén theo lich sur thoi gian (Nonlinear Time-
History, NTH) trén cac mo hinh giai tich c6 thé du doan tét phan tmg cua gdi cach chin ciing nhu hé cach
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chan day str dung gdi ma sét con lic ba. Tuy nhién, phuong phap nay c6 d6 phirc tap va nhirng kho khan
nhat dinh trong thyc hanh thiét ké. Trong thuc hanh thiét ké hién nay, nguoi ky su thuong dung cac phuong
phap phan tich gan dung dé xac dinh g1a tri chuyen vi ngang 10n nhat ctia hé két cdu. Nhiing phuong phap
nay thuong c6 nhimg uu diém: don gian, d& tiép can va cho két qua nhanh. Tuy nhién, han ché ctia n6 1a
sai 80 trong tinh toan do khong mé phong dung ban chat dong luc hoc ctia md hinh tinh. Trong nghién ctru
nay, phuong phap luc tuyén tinh twong duong (Equivalent Linear Force, ELF) theo Tiéu chuan ASCE 7-
16 [4] dugc van dung dé xay dung chi tiét mot quy trinh xac dinh nhanh chuyén vi 16n nhat ctia hé cach
chan sir dung géi con Iaic ma sat ba. Nghién ctru tién hanh phan tich mét vi du s6 hé mot bac ty do duge
cach chan day bang gbi TFP theo hai phuong phap: phuong phap ELF va phuong phap phan tich NTH.
Thong qua vi du nay, cac budc xac dinh chuyén vi ngang 16n nhét ctia hé bang phuong phap ELF dugc lam
1& hon. Bén canh d6, @6 chinh x4c ctia phuong phap ELF dugc dénh gia va nhan xét dé nguoi thiét ké xem
xét hiéu chinh két qua tinh theo phuong phap ELF dé cho két qua chinh xac hon.

2. PHUONG PHAP ELF

Tiéu chuin ASCE 7-16 cho phép sir dung phuong phap ELF trong thiét ké cach chin day. Theo phuong
phép nay, toan bd cong trinh bén trén dugc xem 1a méot khéi cing va dugc thu gom thanh mét khéi luong
tap trung. Pong thoi toan bo hé cach chan ciing dugc tuyén tinh hoa va tap trung vé khbi lugng nay. Ngoai
ra, tinh can cuia hé két ciu bén trén ciing dugc bo qua so v6i tinh can do sy lam viée phi tuyén ctia hé cach
chan day. V(n nhiing gia thiét nay, toan bo hé thong duge xem nhu 12 hé mot bac ty do voi chu ky hiru hiéu
1a Tw va ti s6 can 1a fu twong g voi chuyén vi 16n nhat Dy ciia hé cach chin day. Pay la  nhing gia thiét
co ban ciia phuong phap ELF. Dé cac gia thiét trén day khong qua sai 1éch, nhitng yéu cau téi thiéu nhu
sau phai thoa [4]:

- Vi tri cong trinh phai thudc trén nén dit loai A, B, C hoic D.

- Chu ky hiéu qua ctia két cdu cach chan tai chuyén vi 16n nhat Dy nho hon 5 s.

- Chiéu cao cong trinh khong vuot qua 4 tang hodc cao hon 19,8 m.

- Ti s6 can hiu qua cta két cdu cach chin tai chuyén vi 16n nhat Dy nho hon 30%.

- Chu ky co ban cua két ciu cach chin tai Dy 16n hon 3 14n chu ky co ban cua két ciu khong cach chat
(trudong hop ngam cung tai mong).

- Két cau bén trén phai ddi ximg.

- Két cau cach chan phai thoa mot s tiéu chi sau: (a) d cting hiéu qué cua két cAu cach chén tai chuyén
vi 16n nhit Dy 16n hon mdt phan ba do cimg hiéu qua tai 0,2Dw, (b) luc phuc hdi tai Dy nho hon 0,025W
va 16n hon lyc phyc hoi tai 0,5Dw, trong do W la tong trong lugng két cu bén trén, (c) chuyén vi 16n nhét
Dw can xét thém anh huong do thanh phan chuyen vi xoan.
Khi cac yéu ciu trén thoa, chuyén vi 16n nhat Dy dugc xac dinh theo Cong thirc (1):
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trong do:

g 1a gia toc trong trudng (9,81 m/s?)

Swi 1a phd gia toc tai chu ky 1 s véi can 5%, xac dinh theo nhitng chi dan trong Muc 11.4.4 hodc 11.4.8
cua Tiéu chudn néu trén, phu thudc vao diéu kién chuyén dong nén tai tung vi tri khac nhau [4].

Twm la chu ky hi€u qua (s) cia h¢ cach chén tai chuyén vi Dw.

Bw 1a hé s6 phu thudc vao hé s6 can hiéu qua cua hé cach chén Pu tai chuyén vi Dwm, xac dinh theo Bang
17.5-1 ctia Tiéu chudn da dan [4].
Trong Cong thtrc (1), chu ky hiéu qua Tm dugc xac dinh theo cac Cong thire (2) [5].
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trong d6: Kesr 1a d climg ngang hidu qua ciia hé cach chéan, duoc xac dinh theo Cong thirc (3), véi cac
dai luong Fpwm la gia tri luc ngang tai chuyén vi Dm tuong ing nhu trén Hinh 2. P cing nay duoc xem la
d6 cung twong duong.

T, =27 2

Keff == (3)
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Hinh 2 1a quan h¢ gitta luc va chuyén vi ngang cua g6i, duge Fenz va cong sy mo ta rat chi tiét trong cac
nghién citu [6] va [7], n6 bao gobm 5 doan tuyén tinh thé hién cho 5 giai doan chuyén dong khac nhau cua
go1. O mdi giai doan, sy truot tuong ddi xay ra trén nhiing mat cong khac nhau phy thugc vao cap do dong
dat. Giai doan 1 1a chuyen dong truot cua lic so 5 trén mat cong so 3 va 4. Giai doan nay xay ra trudc tién
khi lyc ngang trong con lac con nhé (ing voi cap dong dat nho). DBuong tng xu tré cho giai doan nay la
duong lién khép kin trong cung, quan hé gitta lyc va chuyén vi 12 doan tuyén tinh trong cung. Khi lyc ngang
tang 1én, chuyen dong trong goi chuyén sang Giai doan 2. Giai doan nay la chuyen dong truot dong thoi
ctia con lac 3 trén mat cong tam thép 1 va con lic 5 truot trén mdt cong cua con lic 4. Puong ting xtr tré
cuia giai doan nay 1a duong lién khép kin tiép theo. Giai doan 3 1a sy truot dong thoi trén hai mit cong cua
tAm thép 1 va 2. Giai doan 4 1a sy truot déng thoi trén mat cong con lac 3 va thm thép 2. Giai doan 5 1a sy
trugt dong thoi trén mit cong cua con lic 3 va 4. Trong Giai doan 5, chuyén vi ngang trén mit cong cta
tam thép 1 va 2 1 16n nhat. Puong tng xir tré cac giai doan nay 1a cac duong lién khép kin tiép theo. Pudng
ngoai cung la cho Giai doan 5.

Hinh 2. Quan h¢ giita Iyc va chuyén vi ngang ctia gbi TFP.

bé xac dinh duge gia tri Bm trong Cong thic (1) dugc tra theo Bang 17.5-1, phu thudc vao gia tri v dugc
xac dinh nhu Cong thuce (4) [5].

Eloop
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trong do: Eieop la nang lugng tiéu tan trong mot chu ky (c6 don vi: N.mm), viéc xac dinh chinh xac gia
tri nang lugng ti€u tdn nay la rat phure tap. Mot cach gﬁn dang, gia tri nay dugc xac dinh bé“mg dién tich mot
chu ky ciia duong ung xir tré duoc gii han béng chuyén vi Dw, 1a dién tich dugc gidi han boi duong nét
dtrt nhu trén Hinh 2 [4], [5].
Trong cac Cong thirc xac dinh Ty VA fu c6 chita dung gia tri can tinh Dy. Do d6, day s& 1a mot bai toan lap
béng cach gia thiét trudc Dw. Gia tri chuyén vi 16n nhat cua hé cach chan Dy dugc xac dinh khi bai toan
13p hoi tu. Chuyén vi 16n nhat ctia hé cach chan dugc xac dinh theo phuong phap ELF c6 thé dugc tom tat
nhu sau:

- Budc 1: Gia thuyét truéc chuyén vi can xac dinh Dy.

- Budc 2: Tinh toan cac gia tri Tw va fw.

- Budc 3: Tra Bang 17.5-1 [4] dé x4c dinh B.

- Budc 4: Tinh Dy theo Cong thuec (1).

- Budc 5: Kiém tra tinh hoi tu va lip lai Budc 1 néu gia tri Dv & Budc 4 va Bude 1 chua hi tu.

3. PHAN TICH Vi DU SO

Phan nay trinh bay mot vi du béng s6 hé mot bac tu do dugc cach chan br:ing géi TFP. Toan b két cAu bén
trén duoc gia thiét vi hé co mot bac tu do, dwoc thu gom vé mot khdi luong gia thiét 1a ms = 3.10%g
N.s?/mm ch1u mdt thanh phan chuyén vi ngang. Do cling ngang ctia két cau bén trén gla thiét 1a ks = 10*
N/mm, ti s can cua vatliu =5 %. Ket c4u nay s& duoc cach chéan trén g01 TFP c6 cau tao nhur trén Hinh
1, nhing thong s6 k¥ thuét cia gbi bao gdm ban kinh cong hiéu qua va hé s6 ma sat trén cac mit cong dugce
gia thiét cho nhu sau: ban kinh mit cong hiéu qua cua con lic bén trong 3 va 4 1 bang nhau va c6 gia tri 1a
Reirs = Refts = 460 mm, ban kinh cong hi¢u qua cua tam thép 1 va 2 1a Ref = Refiz = 2900 mm, hé s6 ma sat
trén mdt cong cua con lac 3 va41afz=f,=0,02, hé s6 ma sat trén mit cong tim thép 1 1a f1 = 0,06, hé sb
ma sat trén mit cong tAm thép 2 1a f, = 0,1. Kha ning dich chuyén ngang ctia cac con lic trén mit cong clia
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con lic 3 va 4 12 d3 = ds = 60 mm va trén mit cong ctia tim thép 1 va 2 dy = do = 500 mm. Kha nang chuyén
vi ngang lon nhat cua gbi la 60 + 60 + 500 + 500 = 1120 mm. Tong trong lugng két cau bén trén gdi, bao
gom trong lugng toan bo két cau bén trén va mot phan ngay trén gbi, 1a W = 36.10* N.

Gia tri phd Swi tai chu ky 1 s voi can 5% dugc xac dinh voi gia thiét dong dat tai vi tri Monterey, Béc
California. Vi tri nay thugc nén dét loai D, c¢6 cac gia tri S1=0,5, gia ti Fy = 1,8, khi d6 gid tri Sw1 12 0,9
[4]. Duong ung xu tre cho 5 giai doan chuyen dong cia gdi duoc xac dinh [6] theo cac thong sO ky thuat
ctia két cdu va cua gbi. Trong d6, chuyén vi giéi han & timg giai doan s& dugc tinh toan cu thé. Tién hanh
thuc hién cac budc nhu trong Muc 2, gia tri chuyen vi 16m nhét cua hé két cAu cach chan D khi tinh toan
theo phuong phap ELF sau cac budc tinh lap dén hoi tu 1a Dvecr = 500 mm. Tai chuyén vi 16n nhat nay,
chu ky hiéu qua cua két cdu cach chan Ty 13 3,6 s, d cling ngang hiéu qua Ke 12 112,8 N/mm, hé sd can
hiéu qua ctia hé cch chan Sy tai chuyén vi nay 1a 25%. Bén canh d6, nhitng yéu cau cho phép str dung
phuong phap ELF phai dugc kiém tra thoa diéu kién.

Trong truong hop thir hai, két cau cach chén nhu trén s& dugc phan tich theo phwong phap NTH dé xac
dinh gia tri chuyén vi lon nhit ctia hé cach chan. Theo nhu ndi dung thuc hién ciia phuong phap nay, cac
budc tién hanh s& bao gom xdy dung phd MCER theo ASCE; lya chon va hiéu chinh cac bang gia toc nén;
chon mé hinh tinh va tién hanh phén tich dé xac dinh gia tri chuyén vi 16n nhat. De dam bao so sanh duoc
két qua tir hai phuong phap va danh gia su sai khac gitra ching, nhirng thong s6 vat 1y cua két cau va dir
lidu gia toc nén phan tich phai liy glong nhau.

Theo ASCE, trong phan tich NTH, gia tri thiét ké duge liy bang gia tri trung binh tir cac phén tich khi s0
luong bing gia toc phan tich khong duoi 7 bang gia toc. Trong vi du nay, sb luong bang gia tdc phan tich
12 7 nén gia tri thiét ké s& duogc 1ay theo gia tri trung binh. Dit liéu cic bang gia tdc nén tir nhitng tran dong
dat thyc dugc trung tim nghién ctru dong dat Thai Binh Duong cia Dai hoc Berkeley, My (PEER) [8] ghi
nhén va luu trir s& dugc st dung trong phan tich. Bay bang gia toc dugc lya chon ¢6 nhirng dic trung duge
trinh bay trong Bang 1. Nhitng bang gia tdc nay phu hop véi nén dét loai D, ¢6 van toc truyen song cit &
d6 sau 30 m (Vs30) tir 180 m/s dén 360 m/s. Py 1a nhiing chuyén dong nén manh, co gia tbc dinh PGA 16n
hon 0,2g va van téc dinh PGV 16n hon 15 cm/s. Nhitng bing gia toc trong Bang 1 s& dugc chuan hoa theo
gié tri trung binh véan tc dinh PGV hoic theo gié tri trung binh gia toc dinh PGA dé loai bo nhing su khac
biét do c¢6 sy khac nhau nhitng dic diém cua nhiing chuyén dong nén nhu: ngudn dong dat, khoang céch
dén ngudn phat sinh dong dét [9]. Trong nghién ctru nay, nhitng biang gia toc s& dugc chudn héa theo gia
tri trung binh cua PGV. Sau do, phé trung binh tir 7 bing gia toc dd duoc chuin hoa theo PGV s& dugc
chuan hoa theo diéu kién duong pho trung binh nay khong nh6 hon dudng cong phd ASCE trong khoang
chu ky anh huéng tir 0,75Twm dén 1,25Tw [4]. Dé chuén héa phd gia tdc trung binh, chu ky anh hudng Tw
duoc xac dinh theo phuong phap ELF 1a 3,6 s.

Bang 1: Gia tc nén trong phan tich NTH [8].

Tréan dong dat Vi tri Nam Mw (erJTk;) (\rlrifg) P(c;f\ (I(:gX)
Imperial Valley-02 | El Centro Array #9 1940 6,95 6,1 213 0,28 31
Gazli, USSR Karakyr 1976 6,8 3,9 260 0,70 65
Imperial Valley-06 | El Centro Array #8 1979 6,53 3,9 206 0,61 55
Erzican, Turkey Erzincan 1992 | 6,69 0 352 0,50 80
Northridge-01 Arleta - Nor. Fire Sta | 1994 | 6,69 3,3 297 0,31 23
Chi-Chi, Taiwan TCUO055 1999 7,62 6,3 359 0,24 34
Duzce, Turkey Duzce 1999 7,14 0 282 0,40 71

Trén Hinh 3 thé hién phd dong dat tai vi tri Monterey, Bic California duoc xdy dung (goi la pho ASCE)
theo chi dan trong ASCE [4]. Pudng cong phd trung binh cua bay bang gia toc sau hai lan chuan hoa 1a
dudng mau Xanh dam. Quan sat trén Hinh 3, duong phd trung binh luén nam trén dudng Phd ASCE trong
doan chu ky anh huong 12 2,7 s dén 4.5 s.
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Hinh 3. Phd gia tc.

M5 hinh hé két cdu cach chan chan bang gbi TFP khi phan tich NTH duoc trinh bay nhu Hinh 4. Theo do,
g6i TFP dugc md hinh gdm ba béc tu do twong g véi cac khdi luong my, mz va ma. Khéi lugng my 1a rat
nho, md hinh cho chuyén dong trugt trén mit cong ciia con lic 3 va con lic 4. Khdi lwong m2 md hinh cho
chuyén dong truot trén mat 1, gia tri mp léiy rat nho. Khdi lugng m3z mo hinh cho sy truot trén mat 2, gia tri
m3 c6 thé ldy gan dang bang khoi luong mdt tAng ngay bén trén gdi. PO cing ngang Kei, hé s6 ma sat 1 Va
kha ning dich chuyén ngang dei cua moi khoi lugng duge xac dinh nhu trong nghién ctru cua Fenz [6], phu
thudc vao cac thong s6 ky thuat cua g6i va két cau. Toan bd két cau bén trén dugc thu gom vé mot khoi
luong 1a ms. Dé c6 sy twong thich khi so sanh két qua giita hai phuong phap ELF va NTH, khéi luong ms
phai duoc gia thiét 1a tuyét dbi cimg (theo gia thiét cia phuong phap ELF). Khi d6, d6 cimg ngang cia két
cAu ks va ti s6 can vat liéu & cho nhu trén s€ dugc bd qua. M6 hinh s€ c6 sy thu gom khdi luwgng ms vao ms
chung thanh mét khéi lugng.

Ap dung nguyén 1y can bang dong d’Alembert cho mdi khdi lwong trong mé hinh nhu Hinh 4, ta s& thiét
1ap duoc cac phuong trinh vi phan chuyén dong cua hé két ciu chiu gia tbc nén dy. Giai h¢ phuong trinh vi
phan chuyén dong nay bang ham odel5s trong ngdn ngir Matlab [11] dé xac dinh dugc ung xir cta két cau.
Két qua chuyen vi 16n nhat ctia hé cach chin Dynrri x4c dinh theo phuong phap NTH s& dugc tim ra cho
ting bing gia tc cu thé va dugc trinh bay nhu trong Bang 2. Gia trj trung binh cta bay phan tich chinh 1a
gi4 tri chuyén vi 16n nhét ctia hé cach chin xac dinh theo phuong phap NTH, Dunrn 12 628 mm.

k Uz k U2 k Us
el —— e2 — e3 |
A — F—MAA—]
el €2 e3
#I m1 Hvi m: Hvi Ma3+Ms
der de des
- — —
O C D C J [@)

T

Hinh 4. Mé hinh phén tich.

Theo nhu két qua nay, nghién ctru co6 thé chi ra duge su chénh léch vé két qua chuyén vi 16n nhat cua hé
cach chéan khi sir dung hai phuong phap. Cu thé, khi tinh toan theo phwong phép ELF sé& cho két qua nho
hon khi tinh toan theo phan tich NTH (500 mm so v&i 628 mm). Gi4 tri chénh 1&ch nay c6 thé udc lugng
khoang 25%. Quan sat két qua phan tich cho ting bang gia tdc, bang gia toc cho két qua chuyén vi 16n nhét
1a 777 mm (tran dong dat Imperial Valley-06), gia tri nay 16n hon khoang 55% so véi gia tri Dy gL nhur
trén. Bang gia tc cho gia tri nho nhat 13 tran dong dat Duzce, Turkey (517 mm) ciing 16n hon khoang 3,5%.
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Theo d6, mot dé xuit cho mdi quan hé giita hai két qua tinh toan theo hai phuong phap ELF va NTH cho

truong hop phén tich trén nhu Cong thuc (5).
DM,NTH =1 25DM,ELF ®)

Bang 2: Két qua chuyén vi 16n nhat

Tran dong dat Vi tri Nam | Dunrui (mm) | Gid tri trung binh, Dyt (Mmm)
Imperial Valley-02 | EI Centro Array #9 1940 633
Gazli, USSR Karakyr 1976 634
Imperial Valley-06 | El Centro Array #8 1979 777
Erzican, Turkey Erzincan 1992 549 628
Northridge-01 Avrleta - Nor. Fire Sta | 1994 619
Chi-Chi, Taiwan TCUO055 1999 667
Duzce, Turkey Duzce 1999 517

Trong két qua nghién ctru cia Dao va cong sy [9] dugc thyc hién trén md hinh két cdu cach chin bﬁng géi
dan hoi, chuyén vi 16n nhét ciia hé cach chan trong theo phan tich NTH 16n hon khi xac dinh bang phuong
phap ELF khoang 10%. N6 c¢6 xu hudng 14 16n hon 10% khi chuyén vi 16n nhét vuot trén 500 mm, va
khong qua 34,11%. Va ciing trong nghién ctru nay, két qua khi phén tich v6i nhimng chuyen dong xa phay
dut gay la 3,20% va khong vuot qua 51,40%; nhimg chuyén dong gan phay dut giy cho két qua tuong tmg
1a 7,60% va 44,40%. V&i nhitng két qua nay, su sai khac dugc danh gia trong nghién ctru nay phu hop voi
nghién ctru ciia Dao va cong s, n6 thé hién do tin cdy cua két qua nghlen cuu.

DBuong ng xur tré thé hién quan hé gitta lyc va chuyén vi ngang trong 201 cho hai truong hop c6 chuyén vi
g6i 16n nhat va nhé nhat nhu trong Bang 2 tuong (mg véi hai bang gia tc cua trén dong dat Imperial Valley-
06 va Duzce, Turkey duogc trinh bay nhu Hinh 5 va Hinh 6. Nhiing bang gia toc khac c6 két qua tuong tur
va khong trinh bay ¢ ddy. Do tin cdy ctia nhitng két qua nay c6 thé dugce danh gia 13 cao khi so sanh voi két
qua thi nghiém m6 hinh dugc thyc hién boi Ryan va cong sy [11]. Ryan va cong su da tién hanh mot thi
nghiém mé hinh nha 5 ting cach chan bang g6i TEP chiu 19 bang gia téc nén khac nhau. Két qua chuyén
vi theo phuwong X ¢6 gié tri tir 3,1 cm dén 69,9 cm. Quan sat trong mot nghién ctru khac duoc thuc hién boi
Dao va cong sy [9], nhom tac tac ndy da tién nay phan tich sb trén 540 mé hinh, két qua phén tich nhin
chung cling tuong tu nhu trong nghién ctru nay.
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Hinh 5. Pudng tmg xt trd vé6i trin dong dat Imperial Valley-06.
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Hinh 6. Dudng tmg xt tré v6i trin dong dat Duzce, Turkey.

Mac khac, Quan sat ket qua trinh bay trong Hinh 5 va Hinh 6, ta nhan thay hinh dang cua duong img xu tré
trong gbi cho két qua gan nhu cac nghién ciru trude [6] va [7]. Didu nay mot 1an nita cho thiy mé hinh dang
lya chon cho phan tich theo phuong phap NTH ¢6 d0 tin cay.

4. KET LUAN

Bang cach van dung Tiéu chuan ASCE/SEI 7-16 va nhiing két qua nghién ctru trude vé gdi con lic ma sat
ba, nghién ciru da trinh bay cac budc xac dinh chuyén vi ngang 16n nhét ciia hé cach chin bang gbi con lic
ma sat ba bang phuong phap bang phuong phap luc tuyén tinh twong dwong (ELF). Thong qua mot vi du
s6 cho mot truong hop nghién ciru, cac bude trong phuong phap ELF cing dugc minh hoa r6 hon. Quan
trong hon, khi so sanh két qua cua phuong phap ELF v6i két qua phan tich dong phi tuyén theo lich sir thoi
gian (NTH), nghién ctru chi ra dugc sai s6 cua phuong phap ELF trén mot h¢ cu thé. Theo d6, phuong phap
ELF c6 thé cho két qua chuyén vi nho hon nhiéu so véi chuyén vi tinh theo phuong phap phan tich NTH.
Cu thé, két qua tinh theo phan tich NTH 16n hon 25% so véi két qua khi tinh theo phuong phap ELF. Diéu
nay cho thiy cin phai thuc hién thém cac nghién ctru chi tiét tiép theo dé danh gia muc do tinh ciy cua
phuong phap ELF.

LOI CAM ON
Nghién ciru nay dugc Truong Dai hoc Cong nghiép Thanh phd H6 Chi Minh cép kinh phi thong qua Dé tai
Nghién ctru khoa hoc cap Truong c6 Ma so: 21/1XDO1.
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PREDICTING THE DISPLACEMENT OF SEISMIC BASE ISOLATION SYSTEM
USING TRIPLE FRICTION PENDULUM BEARING

NAM V. NGUYEN
Faculty of Civil Engineering, Industrial University of Ho Chi Minh City
nguyenvannam@iuh.edu.vn

Abstract. Horizontal displacement is one of the disadvantages of base isolated structures. It needs to be
determined correctly during the design process. This paper presents how to determine peak horizontal
displacement of the seismic base isolation systems using triple friction pendulum bearings by equivalent
linear force procedure according to ASCE/SEI 7-16 standard. The study conducted to analyze a numerical
example of single degree-of-freedom systems to determine the peak horizontal displacement of the seismic
isolation system by two methods: the equivalent linear force procedure and the nonlinear time history
analysis. Through this numerical example, the steps in the equivalent linear force procedure are further
clarified, its accuracy is also evaluated, and a correction recommendation is given.

Keywords: equivalent linear force procedure, friction pendulum bearings, seismically isolated structures,
displacement prediction, nonlinear time history.

Ngay gui bai: 24/08/2021
Ngay chdp nhén dang: 03/12/2021

102



