64

NGHIEN COU KHOA HOC

ENgay nhan bai: 22/02/2021 MNgay stia bai: 8/03/2021 BNgay chap nhan dang: 02/04/2021
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bang phan tich mé hinh sé
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TOM TAT:

Gdi cach chén dan hai cdt sgi khang lién ket (gdi U-FREI) |3 mat loai gdi cach chén da lap mai dang duge nghign ciru, phat trién trén the
gii. Ung xtr ngang cta gdi U-FREI chiu anh huwéng cia ma-dun cét cia cao su va dign tich bé mat tigp xdc cia gdi vai cang trinh do bign
dang cugn. Trong nghién ciru ndy, Gng xtr ngang cda céc gii U-FREI hinh khdi hap va hinh try tron co cong dién tich mat cét ngang chiu
ding thivi tai trong théng ditng va chuyén vi ngang vang lap dugc khdo séat bing phan tich ma hinh sd. So sénh dc tinh co hoc cia hai gdi
U-FREI th&y réng da cirg ngang higu dung cia gdi U-FREI hinh try tran l6n hon gig tri trong ang & gdi U-FREI hink khdi hap tai cac chuyén
vi ngang lan.

Tir khéa: gdi cach chan déy, gdi cach chan dan hai cat sgi khang lign két, da cing ngang higu dung, chuyén vi ngang vang lap.

ABSTRACT:

Unbonded fiber reinforced elastomeric isolator (U-FREI) is a new seismic elastomeric isolator which has been studied and developed in
the world. Horizontal response of an U-FREI is affected by both shear modulus of rubber as well as contact area of the isolator with the
supports due to rollover deformation. In this paper, horizontal response of square and circular U-FREls with the same cross-sectional
area subjected to vertical load and cyclic horizontal displacement simultaneously is investigated by finite element analysis. Comparison
the mechanical properties of these isolators shows that effective horizontal stiffness of circular U-FREI is higher than that of square U-
FREI at large applied displacement.

Keywords: Base isolator, unbonded fiber reinforced elastomeric isolator, effective horizontal stiffness, cyclic horizontal displacement

1. Giéi thiéu

G6i cach chan da 16p la mét trong cac thiét bi cach chan day
dugc st dung phé bién hién nay dé giam hu héng cho céng trinh
chiu dong dat. Goi cach chan thuong dugc dat & bén trén dai
mong va dudi phan than cong trinh. Goi cach chan da I6p ¢é cdu
tao tU cac I6p cao su xen kep va gan két véi cac I6p gia cudng (co
thé 1a 16p thép mdng hodc I6p sgi) va hai dé thép day & day va
dinh g6i dé lién két vaéi phan dai méng va phan than cong trinh.
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G6i cach chan cé dé ciing theo phuong ngang thap nén cong trinh
chiu dugc chuyén vi ngang 16n cla cac tran déng dat, tuy nhién do
cling theo phuong diing ctia géi cach chan van cé gia tri 16n dé
dam bao chiu dugc trong lugng ctia cong trinh.

G6i cach chan dan hoi cét sgi khéng lién két (unbonded fiber
reinforced elastomeric isolator, goi tat la g&i U-FREI) 1a mot loai goi
cach chan da I6p mdi, st dung cac 16p sgi gia cudng thay thé cho
cac 1&p thép mong trong cdu tao [1] va loai b hoan toan hai dé



thép day & day va dinh g6i. Khac vai cac goi cach chan da I6p dang
lién két thong thudng, géi U-FREI dugc dat truc ti€p 1én bén trén
dai mong va dudi phan than céng trinh ma khéng cé bat ky lién
két vat ly nao, nén dugc goi la géi khong lién két. Do vay, khi chju
chuyén vi ngang cla cac tran déng dat, géi U-FREI thudng cé bién
dang cudn [2]. Goi U-FREI nhe hon, dé& dang ché tao va thi cong lap
dat hon so véi géi cach chan da I6p théng thudng nén dugc ky
vong st dung cho cong trinh dan dung trung va thap tang véi chi
phi ré & nhiing nudc dang phat trién.

Nghién ctiu vé cac dac tinh co hoc trong ting xt ngang cla goi
U-FREI nhu dé cting ngang hiéu dung, ty s6 can nhét da dugc thuc
hién trén thé gidi trong hon chuc nam qua ca bang thi nghiém va
phan tich mé hinh s6 [3-8]. Theo [6], ing xU ngang cla goi cach
chan dan hoi cét sai lién két thong thudng phu thudc vao mé-dun
cat cla cao su, trong khi dé Ung xt ngang cta g6i U-FREI phu
thudc khéng nhiing vao mo-dun cét clia cao su ma con vao dién
tich bé mat ti€p xtc clia géi U-FREI véi céng trinh. Do vay, khi so
sanh Uing xt ngang clia cac géi cach chan dan hoi cét sgi dang lién
két cé cung dién tich mat cat ngang nhu nhau nhung c6 hinh dang
khac nhau (hinh tron va hinh vuéng), [9] thay rang Ung x& ngang
cUa cac go6i cach chan la gan tuong tu nhau. Trong khi d6, d6i vai
g6i U-FREI, véi cac hinh dang méat cat ngang khac nhau thi dién
tich bé mat ti€ép xdc cta gbi U-FREI véi cong trinh sé khac nhau,
diéu nay dan dén Ung xU ngang cla cac gbi U-FREI ¢6 hinh dang
mat cat ngang khac nhau la khac nhau. Tuy nhién, chua cé nghién
clru nao vé so sanh tng xt ngang clia goi cac U-FREI ¢6 hinh dang
mat cit ngang khac nhau dé chiing thuc diéu nay.

Nghién ctiu nay trinh bay so sanh (ing xr ngang cla cac géi U-
FREI hinh kh&i hép va hinh tru tron cé cung dién tich mat ct
ngang chiu déng thai tai trong thng ding va chuyén vi ngang
vong lap bang phan tich mé hinh sé. Cac g6i U-FREI nay c6 cung
cac I6p cdu tao va thong s6 vat liéu sir dung. Tir phan tich s6, cac
dac tinh co hoc nhu vong 1dp tré, d6 cling ngang hiéu dung, ty s6
can nhat clia cac g6i U-FREI dugc so sanh véi nhau.

2. Cau tao chi tié€t cac gbi cach chan U-FREI

Ung xr ngang ctia cac géi U-FREI hinh khéi hop va hinh tru
tron c6 dién tich mat cdt ngang nhu nhau nhung khéac nhau vé
hinh dang mat cat (hinh vuodng, ky hiéu la géi B1 va hinh tron, ky
hiéu la géi B2) dugc lya chon nghién ctru. Cac g6i U-FREI déu co
cdu tao tur cac I6p cao su xen kep va gan két véi cac I16p sgi cacbon
hai huéng (0°/90°). Méi g6i c6 téng cong 18 I6p sgi cacbon, méi
I6p day 0.55 mm va 19 |&p cao su, méi I6p day 5 mm. Téng chiéu
day cac 16p cao su trong gdi la tr = 95 mm va téng chiéu day cla
g6i la 104.9 mm. Dién tich mat cat ngang cta géi la A = 10000
mm?, tic la g6i B1 ¢ mat cat ngang hinh vudng canh la 100 mm,
g6i B2 ¢6 mat cat ngang hinh tron dudng kinh la 113 mm. Cac
thoéng s6 vat liéu cla cac g6i U-FREI la nhu nhau: mé-dun cat cla
cao su trong géi G = 0.90 N/mm?, mé-dun dan hoi clia goi £ =
40000 N/mm? va hé sé poisson clia géi u = 0.20.

3. M6 hinh céc gdi cach chan U-FREI

Cac g6i U-FREI dugc khao sat ing x ngang chiu dong thai tai
trong thdng ding va chuyén vi ngang vong lap bing phuong
phap mé phong s6 st dung phan mém ANSYS v.14.0. Theo [6-7],
phan tich Gng x& ngang cta g6i U-FREI bang phan mém ANSYS
cho két qua tuong ddi phu hop vai két qua xac dinh tur thi nghiém.

3.1. Lua chon logi phdn ti

Cao su trong g6i cach chan ¢é bién dang I6n trong qua trinh
lam viéc nén dugc moé hinh bang phan ti khéi SOLID185. Phan tu
nay c6 kha ndang mé hinh héa vat liéu siéu dan hoi va ting xt bién
dang 16n cua vat liéu. Sgi cacbon dugc mo hinh bang phan ti khoi
SOLID46. Phan ti nay cé kha nang mé hinh nhiéu I6p mong trong

mot tam. Nhu da trinh bay & phan 2, phan t soi cacbon dugc dan
theo hai hudng vudng géc (0° va 90° trong mét IGp. Hai tam dé
thép day (coi nhu rat cliing) & day va dinh g6i dugc mo hinh bang
phén ti SOLID185 dé méd phéng cho phan dai méng va phan than
cong trinh.

Do g6i U-FREI dat tryc tiép Ién trén phan dai mong va dudi
phan than cong trinh ma khéng cé bat ky lién két vat ly nao nén
khi mé hinh g6i U-FREI cac phan tl tiép xic mat-téi-mat dugc su
dung. Phan ti ti€p xuc CONTA173 dugc dung dé khai bao cho cac
mat cla I&p cao su ngoai cing (mat ma cao su tié€p xuc vai phan
dai mong va phan than céng trinh) va phan tu ti€p xic TARGE170
dugc dung dé khai bao cho cac mat cta hai dé thép & vi tri tiép xuc
vGi g6i cach chan. M6 hinh ma sat Coulomb dugc st dung dé
truyén luc ct tir cadc mat ti€p xuc dén cac mat muc tiéu vai hé sé
ma sat bang 0.85.

M6 hinh cac g&i U-FREI sau khi chia phan ti dugc thé hién
trong hinh 1.

N N
0 0
(@) (b)

Hinh 1. Ma hinh céc gdi U-FREI (d4 chia phén tir): (a) Gdi Bl va (b) Gdi B2

3.2. Mé hinh vat liéu

Cac théng s6 vat liéu nhu da trinh bay trong phan 2 dugc st
dung d& mé hinh g&i U-FREI. Cao su trong g6i U-FREI 6 ting xu phi
tuyén khi chiu chuyén vi I6n nén dugc mé hinh bang mé hinh vat
liéu siéu dan hoi va mé hinh vat liéu dan nhét. Cac nghién cdu [10-
11] cho thay st dung m6 hinh Ogden 3-term va mé hinh Ung xu
c4t dan nhét d€ moé hinh cho vat liéu cao su trong g6i U-FREI 1a
tuong déi phu hop.

3.3.Tai trong

Cac g6i U-FREI chiu tai trong nhu nhau, gém tai trong thang
duing <6 gia tri khéng d&i va chuyén vi ngang vong lap dang ham
diéu hoa hinh sin c6 gia tri do 16n tang dan. Tai trong thdng ding
tac dung lén g6i U-FREI dai dién cho luc doc chan cét cong trinh
truyén vao géi, c6 gia tri 1a 12 kN. Chuyén vi ngang theo phuong x
dang ham diéu hoa hinh sin cé gia tri dé 16n tang dan ti 10 mm
dén 60 mm, ba vong cho méi d6 1én chuyén vi, dugc thé hién
trong hinh 2.

0

Chuyén vi ngang (mm)

Thei gian (5)

Hinh 2. Chuyén vi ngang gan vao cac gdi U-FREI

ISSN 2734-9888 | 04.2021 INEWIRWINE |65



NGHIEN COU KHDA HOC

3.4. Diéu kién bién

Tai trong thang dling va chuyén vi ngang vong lap dugc gan
vao phan dé thép phia trén. Phan dé thép phia duédi dugc gilr c6
dinh.

4. Két qua so sanh va binh luan

4.1. Bién dang cua cdc g6i U-FREI

Bién dang cla céc go6i U-FREI B1 va B2 tai do 16n 60 mm cla
chuyén vi ngang dugc thé hién trong hinh 3. Tir hinh 3 cho thdy khi

g6i U-FREI chiu chuyén vi ngang, cdc mat cla I6p cao su ngoai
cung cla g6i cach chan c6 mét phan tach rdi véi cac mat clia cac
tdm dé thép dé tao ra bién dang cuén. Tai cung mét dé 16n cda
chuyén vi ngang, dién tich bé mat tiép xuc clia cac g6i B1 va B2 vdi
cac tam dé thép cling khac nhau, dién tich bé mat ti€p xdc cla goi
B2 I6n hon gé6i B1. Biéu nay sé anh hudng dén do6 cliing ngang hiéu
dung clia cac g6i U-FREI (sé trinh bay trong muc ti€p theo).

(a)

(b)

Hinh 3. Bién dang ciia cac gi U-FREI khi chuyén vi ngang c6 dé lén 60 mm:
(a) Gai Bl va (b) Gai B2

4.2.Vong ldp tré

Cac vong lap tré ca cac gdi U-FREI thé hién méi quan hé gida
Iuc cat ngang va chuyén vi ngang cho trong hinh 4. Ti hinh 4 cho
thdy & nhiing chuyén vi ngang c6 d6 Ién nhé, dang vong l3p tré

-8

Lwc cét (kN)

Chuyén vi ngang (mm)

(a)

Luc cat (kN)

cta g6i B1 va B2 la tuong tu nhau, nhung khi @6 16n clia chuyén vi
ngang tang lén, dang vong lap tré ctia géi B1 va B2 da c6 su khéc
nhau. Su khac nhau nay chu yéu do sy khac nhau vé dién tich bé
mat ti€p xuc clia cac goi B1, B2 vdi cac tam dé thép.

Chuyén vi ngang (mm)

(b)

Hinh 4. Vaing lap tré cia cac gdi U-FREI: (a) Gdi Bf va (b) Gdi B2

4.3. DY ciing ngang hiéu dung va ty sé can nhét

Theo [12], d& cliing ngang hiéu dung ctia mét géi cach chan &
mot do I6n ctia chuyén vi ngang dugc tinh nhu sau:

h _Fmax_Fmin (1)
Ko = Upnax ~ Unsin

trong dd, Fmay, Fmin la cac gid tri I6n nhat, nhd nhat cda luc cat
Ngang; Umay Umin 18 cac gid tri 16n nhat va nhé nhat cla chuyén vi
ngang.

Ty s6 can nhét, B dugc tinh théng qua nang lugng tiéu tan
trong mot chu ky chuyén vi, Ws. Nang lugng tiéu tan trong mot
chu ky chuyén vi dugc tinh bang dién tich cila mét vong lap tré &
hinh 4. Ty s6 can nhét dugc tinh nhu sau:

S P)
p 27K}, AL
trong dé, Amax = (lumax +|umin )/2 :

DO cliing ngang hiéu dung va ty s6 can nhdt clia cac g6i U-FREI
& cac do6 16n khac nhau ctia chuyén vi ngang dugc tinh toan theo
céng thic (1) va (2) va cho két qua trong bang 1. Cac gia tri cho
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trong bang la gia tri trung binh cho méi d6 16n cla chuyén vi

ngang.
Bang 1. Déc tinh ca hoc clia cac g6i U-FREI
D6 16n G6i B1 G6i B2
chuyén vi Kei” B Ker" B
(mm) (kN/m) (%) (kN/m) (%)
10.0 88.3 12.3 88.8 12.2
20.0 76.5 12.8 77.8 12.7
30.0 66.2 13.1 68.0 13.1
40.0 56.9 13.9 57.8 13.8
50.0 46.2 15.2 50.3 14.3
60.0 39.3 16.1 42.6 14.9

Két qua trong bang 1 cho thdy do ciing ngang hiéu dung cla
cac g6i U-FREI gidm va ty s6 can nhét tang lén khi d6 I6n cla
chuyén vi ngang ting lén. C6 dugc diéu nay la do cé bién dang
cudn khi g6i U-FREI lam viéc. Khi d6 I6n chuyén vi ngang ting lén,
phan bién dang cudn sé cang tang, phan dién tich bé mat tiép xdc
cla g6i U-FREI vai cac dé thép sé cang gidam, lam cho d6 cuing
ngang hiéu dung ctia g6i U-FREI cling gidm theo. Ngoai ra, so sanh
dac tinh co hoc clia cac g6i B1 va B2 thay rang & cac do 16n chuyén



vi ngang nhé, d6 cting ngang hiéu dung va ty s6 can nhét clia cac
g6i B1 va B2 la xap xi nhau do gia tri dién tich bé mat ti€p xdc ca
cac g6i U-FREI véi cac dé thép la gan nhu nhau. Tuy nhién, & nhiing
gia tri chuyén vi ngang 16n, dé cling ngang hiéu dung cla gdi B2
I6n hon gia tri tuong Ung & go6i B1 do géi B2 co dién tich bé mat
ti€p xuc véi cac dé thép Ién hon & goi B1, trong khi ty s6 can nhét
cUa g6i B2 lai nhé hon gia tri tuang Ung & gdi B1. Chdng han, 6 do

=, 108E+08
—. T91E+07
Wi-. 500E+07
—.400E+07
—.300E+07
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=.100E+07

1]

I225326

(@)
Hinh 5. g suéit S5 (N/mm?) trong cac lap cao su cia cac gdi U-FRE! tai do
(a) Geii Bl va (b) Géi B (g7 try dirmng the hign chiv kén)

Tu hinh 5 cho thdy Ung suat nén trong cac géi U-FREI nam &
phan 16i, xuyén suét tir day Ién dinh géi trong viing néi chéng gitra
day va dinh géi; trong khi d6, iing suat kéo nam ngoai vung noi
ch6ng d6. Ngoai ra, khi so sanh Uing suét trong cac I6p cao su cua
cac g6i B1 va B2 cho thdy gia tri I6n nhat (ing suat nén va kéo cla
g6i B1 luédn I6n hon gia tri tuong Ung & géi B2. Diéu nay la do dién
tich bé mat tiép xic clia g6i B1 voi cac dé thép nhé hon gia tri
tuong Ung & goi B2 véi cac dé thép, trong khi tai trong tac dung
lén céc g6i cach chan la nhu nhau, do dé Ung suat nén va kéo
trong g6i B1 I6n han trong géi B2.

5. Két luan

Nghién ctu nay trinh bay so sanh (ing x& ngang clia cac goi
cach chan dan hoi c6t sgi khéng lién két hinh khéi hdp va hinh tru
tron ¢ cling cac I6p cdu tao, vat liéu va dién tich mat cdt ngang
nhu nhau, chiu déng thdi tai trong thdng ding khéng ddi va
chuyén vi ngang vong ldp c6 gia tri ting dan bang phan tich mé
hinh s6 s&t dung phan mém ANSYS. Céc két luan rut ra ti nghién
c’u nhu sau:

e Do cliing ngang hiéu dung cla cac go6i U-FREI gidm va ty sé
c&n nhét tang lén khi dé 16n ctia chuyén vi ngang tang Ién do goi
U-FREI c6 bién dang cuén.

e Ung xtf ngang ctia g6i U-FREI phu thudc vao dién tich bé mat
ti€p xdc cta goi U-FREI véi cdng trinh.

e & nhimng dé I6n chuyén vi ngang nhd, dé cliing ngang hiéu
dung va ty s6 can nhét clia g6i U-FREI hinh khéi hop va hinh tru
tron la xap xi nhau do gia tri dién tich bé mat tiép xuc cla cac goi
U-FREI véi céng trinh gan nhu nhau. Tuy nhién, & nhing gia tri
chuyén vi ngang 16n, d6 cliing ngang hiéu dung cta gdi U-FREI
hinh tru tron 16n hon gia tri tuong Ung & géi U-FREI hinh khéi hop
do c6 dién tich bé mat ti€p xutic véi cong trinh I6n hon.

e Gia tri Ung suat nén va kéo Idn nhat cla cac I6p cao su trong
g6i U-FREI hinh khéi hop I6n hon gia tri tuong Ung & géi U-FREI
hinh tru tron & cing mot do 16n chuyén vi ngang do ¢6 dién tich
bé mat ti€p xuc vdi cong trinh nhé hon.

I6n chuyén vi ngang la 60 mm, d6 ciing ngang hiéu dung cta géi
B2 I6n hon g6i B1 la 8.4%.

4.4. Ung sudt trong cdc 16p cao su cdia géi U-FREI

Cac g6i U-FREI chiu chuyén vi ngang theo phuong x. Quy udc
cac phuang cta phan ti 1, 2, 3 song song vdi cac phuong téng thé
x, ¥, z. Ung sudt Ss; trong cac I&p cao su clia cac cac géi U-FREI tai
chuyén vi ngang c6 d6 I6n bang 60 mm duoc thé hién trong hinh

5.
+BE4E0?
l . SOUEHDT
- s00EsOT7
-, BOUEHTT
ADDENT
-, 200E+07 48

i

1]

lﬁi{ﬂ

|&n chuyén vi ngang BO mm:

TAI LIEW THAM KHAD

(1] Kelly, JM. (1893). Analysis of Fiber-Reinfarced Flastomeric lsolators. Journal of
Seismology and Earthquake Engineering, 2(1), 19-34.

(2] Nad Van Thuygt (2018). Nghign ci itng xi ngang cda nguyén méu goi céeh chan
dan hdi cot spi khing lién k6t Tap chi khoa hoc cang nghe xay dung, Dai hoc Xay dung
(NUCE).12(8). 33-48.

(3] Nezhad, HT. Tait, M.J., Drysdale, R.G., (2008). /atera/ Response Fvaluation of
Fiber-Reinforced Neaprene Seismic lsolator Utilized in an Unbonded Application. Journal
of Structural Engineering, ASCE, 134(10), 1627-1637.

(4] Engelen, N.C.V., Osgooei, PM., Tait, M.J.. Konstantinidis, D. (2014). Experimental
and finite element study on the compression properties of Modified Rectangular Fiber-
Reinfarced Hastomeric [solators (MR-F7Es), Engineering Structures, 74, 92-64.

(9] Osgooei, PM., Tait, M.J., Konstantinidis, D., (2014). Aimite element analysis of
unbonded square fiber-reinforced elastomeric isolators (FRFls) under lateral loading in
different directions. Composite Structures, 113, 164-173.

(6] Ngo, V.T., Dutta, A. Deb, SK. (2017). Fvaluation of forizonts! stiffness of fibre
reinforced elastomeric isolators. Earthquake Engineering and Structural Dynamics,
4B(I1), 1747-1787.

[7] Ngo, V.T., Deb, SK. Dutta, A. (2008). Fffect of forizontal lading direction on
perfarmance of prototype square un-bonded fiber reinforced elastomeric isolator.
Structural Control and Health Monitaring, 2a(3), 1-18.

(8] Ngo Van Thuyet (2020). Nghign ciru hiéu gus céch chan va dé xust gidi phap ing
dung gi7 céch chan dan hai cot smi FRE 4p dung cho cing trink dén dung thap tang chiv
td/ trong ding dét ¢ Vigt Nam. Béo céo tdng ket dé tai, ma sd RD 35-18, Ba Xay dung.

(9] Nguyén Van Thang (2008). Sz sénf itng xir ngang cia gi7 cach chan dan hii cot
sgi FRE hink tron vé hinf vudng béng phan tich sa Tap chi Xay dung Viet Nam, Ba Xay
duyng, nam thir 87, sd thang 9, 223-23l.

(0] Ogden, RW. (1372). Large deformation isotropic elasticity - on the correlation
of theory and experiment for incompressible rubber-like solids. Proc. R. Soc. Lond. A.,
376, 5Ba-a84.

(1] Holzapfel. G.A. (199B). £z /arge strain visco-glasticity: Lontinuum formulation
and finite element applications to elastomeric structures. |nternational Journal for
Numerical methods in Engineering, 33(22), 3903-3926.

(12] IBC-2000. /nternational Building Lode USA.

ISSN 2734-9888 | 04.2021 67



