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PHUONG PHAP GAN PUNG XAC PINH PQ CUNG NGANG HIEU DUNG
CUA GOI CACH CHAN DAN HOI COT SQI KHONG LIEN KET

Ngé Vin Thuyét!

Tém tat: Goi cdach chan dan hoi cot soi khéng lién két la loai géi cdch chdn da 16p méi dang dwoc
nghlen cuitu trong hon hai muoi nam qua. Goi dwoe ddt truc tiép 1én trén phan dai méng va du"m
phan than cong trinh ma khéng can bdt ky lién két vt Iy nao giita chung Ung X ngang ciia goi
cdch chdn dan hoi cot soi khéng lién két twong doi phu"c tap do co mot phan g0i khéng tiép xiic voi
cong trinh. Do cu"ng ngang hiéu dung cia goi cach chan la mot thong 50 quan trong trong thiét ké
céng trinh cach chan ddy, xac dinh diea trén vmg xir ngang ciia goi cach chdn. Nghién ciru nay trinh
bay phwong phdp gan diing xdc dinh dé cimg ngang hiéu dung cia goi cach chan dan hoi cot sgi
khéng lién két thong qua mét céng thirc todn hoc va két qua tinh todn tir phwong phdp nay dwoc
kiém chimg véi két qua xdc dinh bang phwong phdp phén tich mé hinh so.

Tir khéa: Goi cach chin, gdi cach chin dan hoi cbt soi khong lién két, tmg xir ngang, do clng

ngang hiéu dung.

1. PAT VAN DE

Goi cach chan day 1a mot bién phap giam
chin thy dong cho cong trinh chiu dong dat. Goi
cach chan thuong dugc dat 1én trén phﬁn dai
moéng va bén dudi phan than cong trinh dé tiéu
tan nang luong ciia cac train dong dat truyén vao
phin than cong trinh. Chu ky dao dong riéng
ctia hé cach chan day tang 1én do d6 cing ngang
ctia h¢ gbi cach chan thip, tir 46 s& lam giam hu
hong cho cong trinh.

Hau hét cac cong trinh cach chin ddy thiét ké
chiu dong dat trén thé gidi déu c6 tim quan
trong cao va chi phi xdy dyng dat. Chung
thudng st dung gdi cach chin da 16p thong
thuong nhu gbi cao su tu nhién (NRB), gdi cao
su 16i chi (LRB) va gbi cao su c¢6 do can cao
(HDRB). Hon hai chyc nam tr¢ lai day, mot loai
gdi cach chin da 16p méi dang dugc nghién ctru
phat trién 14 gdi cach chan dan hoi cbt soi khong
lién két (unbonded fiber reinforced elastomeric
isolator, viét tat 1a gbi U-FREI). Gbi U-FREI c¢6
ciu tao gdm cac 16p soi (thay thé cho céc 14 thép
mong & gbi cach chin da 16p thong thudng) nim
xen k& va gin két véi cac 10p cao su. Goi U-
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FREI duoc dat truc tiép 1én trén dai mong va
dudi phan than cong trinh ma khong can bat ki
mot lién két vat 1y nao. Vi vay, khi gbi U-FREI
chiu chuyén vi ngang s& c6 mot phan 16p cao su
ngoai cung cua gdi tach roi véi cac phan dai
moéng va phan than cong trinh dé sinh ra bién
dang cudn. Gbi U-FREI nhe hon, dé ché tao hon
va thi cong d& dang hon so véi gdi cach chin da
16p thong thuong. Géi U-FREI duoc ky vong
thay thé cho gdi cach chin da 16p thong thuong
sir dung cho céc cong trinh trung va thip tang
thiét ké chiu dong dt ¢ nhitng nudc dang phat
trién nhu Viét Nam.

Nghién ciru vé Gmg xir ngang cua gbi U-
FREI dé xac dinh cac thong sé vé dic tinh co
hoc cua gdi nhu do cing ngang hiéu dung, ty
s6 can nhét da duoc thuc hién ca bang phuong
phap thi nghiém va phuong phap mé hinh sb
(Toopchi-Nezhad et al., 2008), (Dezfuli va
Alam, 2014), (Thuyet et al., 2017), (Ng6 Van
Thuyét, 2018). Phuong phap thuc nghiém cho
két qua chinh xéc vé dic tinh co hoc cua tirng
méu gdi cach chan nhung gip nhiéu kho khin
vé gia thanh cao ciing nhu kha ning cia cic
thiét bi thi nghiém. Phuong phap mé hinh s6
st dung phin mém ANSYS di duoc kiém
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ching cho két qua do cung ngang hiéu dung
ciia gbi U-FREI twong ddi phu hop véi két
qua tu thi nghiém (Thuyet et al., 2017). Tuy
nhién, phuong phap mé hinh sé yéu cau cau
hinh may tinh phéan tich phai cao, két qua
phan tich chiu 4nh hudéng ciia mé hinh vat
liéu phi tuyén va kich thudc luéi chia phan
tlr, mat nhiéu thoi gian phan tich. Mot vain dé
dugc dit ra la can c6 mot cong thirc toan hoc
dé co thé xac dinh modt cach nhanh hon va
gan dung gia tri 6 cing ngang hiéu dung cia
gbi U-FREIL.

(Thuyet et al., 2017) da dé xuit mot cong
thic dé xac dinh gin dung gia tri do clng
ngang hiéu dung cua gbi U-FREI thong qua
md-dun cat hiéu dung va dién tich bé mat tiép
xuc cua gbi U-FREI vé6i cong trinh. (Truong
Viét Hing va Ngo Van Thuyét, 2020) da dua
ra phu’ong phap gin dung xac dinh dién tich
bé mat tlep xic cua g01 U-FREI v6i cong
trinh. Trong nghién ctru nay, d§ cing ngang
hi€¢u dung cua mot mau géi U-FREI chiu déng
thoi tai trong thang dung c6 gia tri khong doi
va chuyén vi ngang c6 do 16n ting dan dugc
xac dinh dya trén phuong phap gan dung da
duge dé xuat boi (Thuyet et al., 2017). Két
qua d6 cing ngang hiéu dung cua gbi U-FREI
xac dinh tir phuong phap nay dugc so sanh véi
két qua tir phan tich mé hinh s dé kiém
chung d¢ tin cay.

2. PHUONG PHAP GAN DUNG XAC
PINH PQ CUNG NGANG HIEU DUNG
CUA GOI U-FREI

Theo (Thuyet et al., 2017), d0 cung ngang
hi¢u dung cua géi U-FREI khi chiu chuyén Vi
ngang dugc xac dinh theo cong thirc sau:

G(, AL
K, =—4—& (1)

t

Trong do, #. 1a tong chidu day céac 16p cao su
trong gbi cach chin; Ger 12 mo-dun cit hiéu
dung cta gdi cach chin. G chiu danh huong cua
nhiéu yéu t6 nhu d6 16n chuyén vi ngang, tai
trong thang ding tac dung vao goi, v.v. G cho
gdi cach chan c6 mit cat ngang hinh vudng canh
a duoc tinh nhu sau:

Khi0<u<1,0t:
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u 14 d6 16n chuyén vi ngang, p. 13 4p luc theo
phuong thing dimg 18n gbi, peo 13 tmg suat gioi han
dn dinh (Kelly, 2003) va duoc tinh theo cong thirc:
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r 13 ban kinh quén tinh, G 1 mo-dun cat ban dau
cua géi cach chin, 4 1a dién tich mat cat ngang
(A= a*)va S1aheé sé hinh dang ciia gdi cach chin.
Theo (Naeim va Kelly, 1999), hé s6 hinh dang (S)
duoc dinh nghia bang ty 18 giira dién tich mat cat
ngang gbi voi tong dién tich xung quanh & mat bén
ctia mot 10p cao su. DSi voi gbi cach chan co mat
cat ngang hinh vudng canh a va chiéu day mot 16p

a

caosut,thi S =—.
4¢

Ay 14 dién tich bé mat tiép xtic cua gdi U-
FREI véi phan dai mong hodc phin than cong
trinh tai mot d6 16n chuyén vi ngang (u). Theo
(Truong Viét Hung va Ngb Vian Thuyét, 2020),
dién tich bé mat tiép xuc cua géi U-FREI c6 mat
cat ngang hinh vudng canh a véi phan than cong
trinh dugc tinh nhu sau:

Ay =ala-d) (7)

d 1a chiéu dai theo phuong ngang cua doan
bién dang cudn, nhu thé hién trong Hinh 1.

25
d=="ah 8
T (8)
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h 13 tong chiéu cao cta gdi U-FREI, « 1 thong
s6 hinh hoc ¢6 lién quan dén d va chiéu dai dudng
cong s hay chuyén vi ngang u theo cong thirc:

u=s :%‘jh[2a\/1+4a2 +1n(2a+\/1+4a2ﬂ )

Khi d3 biét & va u, a duoc tinh theo cong
thirc (9), d duoc tinh theo cong thirc (8), tir do
tinh dugc 4.4 theo cong thuc (7).

f a AU =S
f—a-5s —#— d _|“

Hinh 1. Bién dang cua @6i U-FREI
khi chiu chuyén vi ngang

3. ViDU AP DUNG

Mot mau gdi cach chan dan hdi cbt soi khong
lién két duoc lya chon dé tinh toan do cimg
ngang hiéu dung theo phwong phép gin dung
nhu da trinh bay ¢ trén. Mau gdi cach chan dan
hoi cbt soi hinh khdi hop c¢6 canh 1a a = 360
mm, tong chiéu cao 1 4 = 133 mm. Gbi U-FREI
duogc céu tao tir 24 16p cao su xen kep va gin
két voi 23 16p soi cacbon hai hudng vudng goc
(0°/90°). Mdi 16p cao su va soi cacbon day
tuong tmg 13 5 va 0,55 mm. Tong chiéu day cta
cac 16p sao su la ¢ = 120 mm. Hé s6 hinh dang
ctia gbi cach chin 1a S = 18. Cac thong s chi
tiét vé kich thudc va vat lidu cia géi cach chan
dugc cho trong Bang 1.

Bang 1. Chi tiét cAc thong s6 vé kich thwéc va vat lidu ciia goi U-FREI

Thong s6 Ky hiéu Don vi Gia tri
Kich thudc cua gbi axaxh mm 360x360x133
S6 16p cao su N, 24
Chiéu day mot 16p cao su le mm 5,0
Téng chidu day cac 16p cao su t mm 120
S6 16p sgi cacbon ny 23
Chiéu day mot 16p soi cacbon ty mm 0,55
He¢ s6 hinh dang S 18
Mb-dun cit ban du ciia gbi cach chin G N/mm’ 0,90
Mb-dun dan hoi ctia gdi cach chan E N/mm’ 40000
Heé s6 poisson U 0,20
Theo tiéu chuailn :[hiét kéx nha quoc te (IBC,  _ PR _ 610000 _, .., (N /).
2000),, gi61 han d,(_) 16n chuyén vi ngang thiét ke 4 360x360 , ,
cho goi cach chan day da 16p 1a 1,50¢.. Trong Dién tich mat cat ngang goi la

nghién ciru nay, gbi U-FREI chiu dong thoi tai
trong thang dung c6 gia tri khong ddi P. = 610
kN va chuyén vi ngang c6 do 1on ting dan tir 30
mm (tic 14 0,254) dén 180 mm (1,50¢,). Nhu
vay, 4p luc theo phwong thing ding lén gdi l1a

Theo cong thuc (5): P

N27GASr  \27x0,90x129600x 18 103,923

A=a’ =360 =129600 (mmz) :

Ban kinh

@__ 360 103,923 (mm).

NN

quan tinh la

crit —
,

crit

P, 8078213,29

Theo cong thie (4): p,., =
e0 cong thirc (4): P == 3 360°

=8078213,29 (N).
120

=62,332(N/mm2).
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Mb-dun cit hiéu dung cia gdi cach chin (Geﬁf)
(g véi cac d6 1on ctia chuyén vi ngang thay di tir
30 mm dén 180 mm dugc tinh theo cac cong thirc
(2) va (3) va cho két qua trong Bang 2 dudi day.

Bang 2. Mé-dun cit hi¢u dung ciia gbéi U-FREI

Do 16n
chuyén vi G
ng;]ng u u/ty ua (N/ mjfnz)
(mm)
30,0 0,25 0,0833 0,8202
60,0 0,50 0,1667 0,7455
90,0 0,75 0,2500 0,6706
120,0 1,00 0,3333 0,5957
150,0 1,25 0,4167 0,5957
180,0 1,50 0,5000 0,5957

Dién tich bé mit tiép xtic cua gbi U-FREI vai
phin dai mong hodc phan than cong trinh (Aep)
tai cac d6 16n chuyén vi ngang duogc tinh theo
cong thirc (7) va cho két qua trong Bang 3.

Bang 3. Dién tich bé mit tiép xiic ctia gdi
U-FREI véi cong trinh

u d A,

@ | | am) | )
30,0 0,25 0,1425 29,61 118939,22
60,0 0,50 0,2754 57,23 108996,64
90,0 0,75 0,3951 82,11 100041,58
120,0 | 1,00 0,5025 104,43 92006,72
150,0 | 1,25 0,5995 124,58 84749,91
180,0 | 1,50 0,6880 142,98 78129,00

D6 clng ngang hiéu dung cua gbi U-FREI
(K;) khi chiu chuyén vi ngang c6 d¢ 1on ting
dan dugc tinh theo cong thire (1) va cho két qua
trong Bang 4 dudi day.

Bang 4. D) clrng ngang hi¢u dung cia gbi
U-FREI tir phwong phap gin diing

u wit Geﬁf 5 Aeﬁfz Kh
(mm) " | (Nmm) | (mm) (kKN/m)
30,0 | 0,25 | 0,8202 118939,22 | 812,98
60,0 | 0,50 | 0,7455 108996,64 | 677,12
90,0 | 0,75 | 0,6706 100041,58 | 559,08
120,0 | 1,00 | 0,5957 92006,72 456,71
150,0 | 1,25 | 0,5957 84749,91 420,69
180,0 | 1,50 | 0,5957 78129,00 387,83

4. KIEM CHUNG KET QUA BANG
PHUONG PHAP PHAN TiCH MO HINH SO

Két qua khio sat ing xir ngang cua gdi U-
FREI bang phuong phap md hinh sb sir dung
phin mém ANSYS di dugc kiém ching la
tuong dbi phu hop véi két qua tir thi nghiém
(Thuyet et al., 2017). Trong nghién ctru nay, két
qua d6 cimg ngang hiéu dung ctia gdi U-FREI
xac dinh tir phuong phép gan dung & trén dugc
so sanh véi két qua xac dinh tir phuong phap mo
hinh s sir dung phan mém ANSYS v14.5 dé
kiém chirng d9 tin cay.

Trong phuong phap mé hinh sb, cao su dugc
md hinh bang phan tir khéi SOLID185, tdm soi
cacbon (gdm hai huéng dan vudng goc trong
mot tim) duoc mod hinh bing phan tir khoi
SOLID46. Hai tim dé thép day (coi nhu rat
ctng) duwoc mo hinh & day va dinh gbi, d& mo
phong cho phan dai méng va phan thin cong
trinh (cac bé d), ciing dugc md hinh bang phan
tir khdi SOLID185. Do gbi U-FREI dit truc tiép
1én trén cac bé d& ma khong c6 bat ki lién két
vat 1y nao nén khi mo hinh gbi U-FREI trong
phin mém ANSYS cac phan tir tiép xtic mat-
téi-mat dugc st dung. Phan tur tiép xuc
CONTA173 dugc dung dé dinh nghia cho cac
mit ctia 16p cao su ngoai cling va phan tir tiép
xtic TARGE170 dugc dung dé dinh nghia cho
cac mat cua hai dé thép & vi tri tiép xtic voi gdi
cach chdn. M6 hinh ma sat Coulomb dugc st
dung dé truyén luc cit tir cac mit tiép xuc dén
cac mat muc tiéu v4i hé sd ma sat bﬁng 0,85.
Mb hinh gbi U-FREI da chia luéi phan tir duoc
thé hién trong Hinh 2. Vé mé hinh vat liéu, cao
su trong gdi U-FREI c6 ung xtr phi tuyén khi
chiu chuyén vi 16n nén dugec mod hinh béng mo
hinh vat li¢u siéu dan hoi va mo hinh vat ligu
dan nhét. V@& tai trong, cac gbi U-FREI chiu
dong thoi tai trong thing du’ng c6 gia tri khong
d6i bang 610 kN va chuyén vi ngang vong lip
dang ham diéu hoa hinh sin c¢6 gia tri do 16n
tang dan tir 30 mm t6i 180 mm, hai vong lip
cho mdi gi4 tri do 16n clia chuyén vi ngang. Két
qua vong lap tré thé hién mdi quan hé gura luc
cit ngang va chuyén vi ngang trong gdi cach
chin dugc cho trong Hinh 3.
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Hinh 2. Mé hinh goi U-FREI trong ANSYS
(déi chia hedi phan tir)

Lirc ¢t ngang (kN)

Clhrydn vi ngang (mmb

Hinh 3. Két qua vong ldp tré ciia goi U-FREI
tir phén tich mé hinh sé

D6 cing ngang hiéu dung cua gdi cach chin
c6 thé dugc xac dinh tir vong lap tré (Hinh 3)
thong qua cong thirc néu trong tiéu chuan thiét
ké nha quéc té (IBC, 2000) nhu sau:
K max —F min
Uppax ~ Unin

Trong do, Fiuax, Fmin 12 cac gid tri 16n nhét,
nho nhét ciia luc cit ngang trong mot vong lip
t18; Umars Umin 14 CAC gia tri 16n nhét va nho nhét
ctia chuyén vi ngang trong mot vong lap tré.

K, = (10)

Bang 5. So sanh gia tri d§ cirng ngang hié¢u
dung ciia gbi U-FREI x4c dinh tir phan tich
md hinh s6 va phwong phap gan diing

& (/) Chénh
u Tu phan | Tu phuong A
u/t, , " TN léch
(mm) tichm6 | phap gan (%)
hinh 6 ding °
30,0 | 0,25 | 796,67 812,98 2,05
60,0 | 0,50 | 655,08 677,12 3,36
90,0 | 0,75 | 537,28 559,08 4,06
120,0 | 1,00 | 458,15 456,71 -0,31
150,0 | 1,25 | 397,10 420,69 5,94
180,0 | 1,50 | 351,53 387,83 10,33

D6 cling ngang hiéu dung ciia gbi U-FREI trong
nghién ctru ndy xéac dinh tir két qua phéan tich mo
hinh s6 dugc tinh toan theo cong thire (10). So sanh

gia tri 6 cing ngang hiéu dung ciia gdi U-FREI
xac dinh tir phan tich mé hinh s6 va tir phuong
phép gan dung cho két qua trong Bang 5.

T Bang 5 thdy rang, d6 cting ngang hiéu
dung cua gdi U-FREI tinh theo phwong phap
gan ding c6 gia tri twong ddi phu hop voi két
qua xac dinh tr phuong phap phan tich mo hinh
s0, d6 chénh léch gia tri 16n nhét 1a 10,33% tai
d6 16n chuyén vi ngang 1a 180 mm. O cac do
16n chuyén vi ngang c6 gia tri nhé (u < 1,0z,),
gi4 tri d6 cing ngang hiéu dung cua gbi U-FREI
xac dinh theo hai phuong phép chénh nhau
khong dang ké (< 5%), nhung & cac do 1on
chuyén vi ngang c6 gia tri 1on (u > 1,0t,), gia tri
d6 cimg ngang hiéu dung cua gbi U-FREI xac
dinh theo hai phwong phap chénh léch nhiéu
hon (chénh léch 16n nhit 1a 10,33%). Chénh
léch nay 1a do d6 clg ngang hiéu dung cua gbi
U-FREI (K;) phu thudc vao ca mo-dun cét hiéu
dung (G, va dién tich bé mat tiép xtc cua gbi
U-FREI véi cong trinh (4p). Céc gia tri Gertinh
theo cong thuc (2) va (3), Ay tinh theo cong
thirc (7) déu Ia cac gia tri tinh toan gan dung.
Dic biét 1a khi d6 16n chuyén vi ngang c6 gié tri
16n (u > 1,0¢,) thi gid tri Gy tinh theo cong thirc
(3) ¢6 gia tri khong ddi 1a chua hoan toan phu
hop véi két qua thuc té. Tir Iy do d6 ma co su
chénh léch két qua do cimg ngang hiéu dung
ctia g6i U-FREI gitra hai phuong phéap gan ding
va phan tich mé hinh $0. Tuy nhién, d¢ chénh
léch két qua 16n nhét giita hai phuong phap
(10,33%) 1a nho, c6 thé chip nhian dwoc. Nhu
vdy, hoan toan c6 thé sir dung phuong phép gan
ding thong qua mdt cong thirc todn hoc trinh
bay trong bai bio nay dé xac dinh nhanh hon,
gan dung gia tri d6 cimg ngang hiéu dung cua
g6i U-FREL Két qua do cing ngang hiéu dung
ctia gbi U-FREI xac dinh tir phuong phap gan
dung cho két qua tin cdy ¢ cac do 16n chuyén vi
ngang c6 gia tri nhé (u < 1,0z,); & cac do lon
chuyén vi ngang c6 gia tri 16n (u > 1,0t,) gi tri
d6 clmg ngang hiéu dung cua gbi U-FREI tinh
theo phuong phap ndy cho két qua gan ding,
chénh léch nho. Mudn két qua do cimg ngang
hiéu dung cta gbi U-FREI tinh theo phuong
phap gin ding & cac d6 16n chuyén vi ngang ¢
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gia tri 16n (v > 1,0¢,) c6 do tin cdy cao hon thi
can cai thién cong thirc gan dung xac dinh mé-
dun cat hiéu dung ctia gdi U-FREI (G.p).

5. KET LUAN

Nghién ciru ndy trinh bay phuong phap gan
ding x4c dinh d6 cimg ngang hiéu dung cua gbi
cach chin dan hoi c6t soi khong lién két thong qua
mot cong thirc toan hoc, phu thudc vao mo-dun cit
hiéu dung va dién tich bé mat tiép xtac cua gbi U-

tai trong thiang dimg c6 gia tri khong doi va chuyén
vi ngang c¢6 do 16n ting dan. Két qua do clng
ngang hiéu dung ciia gdi U-FREI xac dinh tir
phuong phap gan ding duoc so sanh voi két qua
xac dinh tir phan tich mo hinh sd dé kiém chimg do
tin cay. Két qua tinh toan cho thay d6 cimg ngang
hi¢u dung ctia g61 U-FREI tinh bang cong thire gan
diing va phan tich mo hinh s6 14 tuong ddi phi hop,
c6 thé sir dung cong thirc gin ding dé tinh nhanh

FREI v6i cong trinh. Géi U-FREI chju ddng thoi 40 cimg ngang hi¢u dung cua goi U-FREL
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Abstract:
ANALYTICAL APPROACH FOR DETERMINING THE EFFECTIVE HORIZONTAL
STIFFNESS OF UNBONDED FIBER REINFORCED ELASTOMERIC ISOLATOR

Un-bonded fiber reinforced elastomeric isolator (U-FREI) is relatively new laminated elastomeric
isolator which has been studied for last twenty years. It is installed directly between the foundation
and superstructure without any connection at the interfaces. Horizontal response of the U-FREI is
relatively complicated because there is a part of the isolator that is not in contact with the supports.
Effective horizontal stiffness of an isolator is an important parameter in the design for base-isolated
building, and is determined from its horizontal response. This paper presents an analytical
approach for determining the effective horizontal stiffness of the U-FREI by a math formula and the
results of the effective horizontal stiffness of the isolator obtained from the analytical approach are
validated with the results obtained from finite element analysis.

Keywords: Base isolator, un-bonded fiber reinforced elastomeric isolator, horizontal response,
effective horizontal stiffness.
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