BAI BAO KHOA HOC

PANH GIA TON THUONG PIA CHAN CHO CONG TRINH CO
KET CAU TUONG GACH CHIU LUC SU DUNG GOI CACH CHAN PAY
PAN HOI COT SOQI DANG LIEN KET

Ngé Vin Thuyét!

Tém tit: Nha két cau tuwong gach chiu luc thuong bi hu hong khi dong dat xdy ra. Goi cach chan dan

hoi cot soi la mét loai goi cach chan da 16p méi dwoc ky vong sir dung cho cong trinh dan dung trung

va thdp tang dé giam hw hong cho céng trinh chiu déng dat. Goi cach chdn dan hoi cot soi dang dwge

phat trién theo hai dang: dang lién két va khong lién két. Trong nghién ciru nay, danh gid ton thuwong

dia chdn cia nha két cau twong gach chiu luc sir dung goi cach chdn day dan hoi cot soi dang lién két

bang do thi trang thai phd hiy dwoc khao sat. Két qua cho thdy cong trinh sir dung goi cach chan dan

hoi cot soi giam hu héng dang ké so véi cong trinh mong cieng khi dong dat xay ra.

Tir khéa: Nha két cau tudng gach chiu luc, gbi cach chan dan hoi cbt soi, d6 thi trang thai pha huy,

danh gia ton thuong dia chin, trang thai pha huy.

1. PAT VAN PE

Nha két ciu tuong gach chiu lyc 1a dang két
cau dé bi hu hong theo cac trang thai pha huy
khac nhau khi dong dat xay ra. Do thi trang thai
pha huy két ciu 1a mot cong cy hitu hiéu dé danh
gi4 ton thuong dia chan cho cong trinh. Panh gia
ton thwong dia chin cho nha thap ting két cau
tuong gach chiu dong dat bang do thi trang thai
phd huy da dugc khdo sat trong nghién clru ctua
(Ngd Vian Thuyét, 2021a). Vay nén viéc dé xuat
mot bién phap dé giam thiéu hu hong cho cong
trinh két ciu twong gach chiu luc chiu dong dat 1a
mot viée 1am cén thiét.

Gbi cach chan dan hoi cbt soi (fiber reinforced
elastomeric isolator, goi tit 1a gbi FREI) la mot
loai gdi cach chin da 16p moi, dugc ky vong 1a
bién phap gidam hu hdéng cho cong trinh trung va
thdp tang chiu dong dat. Trong cong trinh cach
chin day, gdi cach chan thuong dwoc dit & bén
trén phan dai mong va bén dudi phan than cong
trinh. Gi FREI duoc céu tao tir cac 16p cao su
xen kep va gin két v6i cac 16p/tdm soi gia cuong.

! Bo mon Két ciu cong trinh, Trieong Pai hoc Thuy loi

G6i FREI dang dugc nghién ctru, phat trién theo
hai dang: gbi cach chan dan hoi cdt sgi dang lién
két (bonded fiber reinforced elastomeric isolator,
goi tat 1a gdi B-FREI) va gdi cach chin dan hoi
cdt soi dang khong lién két (unbonded fiber
reinforced elastomeric isolator, goi tat 1a gbi U-
FREI). Céc gbi B-FREI va U-FREI khac nhau &
cach thic lién két gbi cach chén voi cong trinh:
g6i B-FREI c6 hai tim dé thép day ¢ day va dinh
gbi dé lién két voi phan dai mong va phan than
cong trinh thong qua cac bu 16ng; géi U-FREI
dugc dat tryc tiép 1én bé mat dai mong va dudi
phan than cong trinh ma khong can bat ky lién két
vat 1y nao.

Hiéu qua cach chdn cia cong trinh cach chin
day str dung gbi cach chan dan hdi cdt sgi chiu
dong dat da duoc nghién ctru trong vai nim trd lai
day nhu nghién ctru cua (Ngé Vian Thuyét va
Nguyén Vin Thing, 2018), (Ngé Vin Thuyét,
2021b). Cac nghién ciru nay déu khao sat hiéu qua
cach chén ciia cong trinh cach chan day chiu dong
dat bang phuong phap phan tich mé hinh sé sir
dung phan tich dong theo thoi gian. Co rat it
nghién ciru vé danh gia ton thuong dia chan cho
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cong trinh c6 két cau twong gach chiu lyc st dung
gbi cach chin day dan hoi cbt soi bang d6 thi
trang thai pha huy. Md&i chi c6 nghién clru cua
(Thuyet et al., 2018) vé danh gia ton thuong dia
chén cua cong trinh tuong gach chiu lyc s dung
gbi cach chan dan hoi cdt soi dang khong lién két.

Nghién ctru ndy di khao sat danh gia ton
thwong dia chan cho cong trinh c6 két cAu tuong
gach chiu lyc st dung géi cach chan day dan hoi
cbt soi dang lién két (B-FREI) bang db thi trang
thai pha hiy. Ngoai ra, tén thuong dia chin cua
cong trinh c6 gdi cach chin day duoc so sanh véi
cong trinh mong cing dé thiy dugc hiéu qua giam
hu hong cho cong trinh khi dong dat xay ra.

2. MO TA VE CONG TRINH CACH
CHAN DAY

Mot cong trinh nha két cau twong gach chiu luc
v6i cac thong sb vé kich thude va vat liéu gia dinh
duoc lya chon nghién ctu. Cong trinh gém ba
tang co cac tuong gach doi chiu luc day 220 mm
va san bé tong cdt thép day 120 mm (bé tong cap
d6 bén B15). Tuong gach dugc xdy boi gach dat
sét nung mac M75 va vita voi mac M2,5. Chiéu
cao mdi tang 13 3,2 m. Phan mai cong trinh c6 két
cau vi kéo d& va lop mai ng6i. Mat bang tang dién
hinh cta cong trinh dugc thé hién trong Hinh 1.

Cong trinh cich chin day st dung tong cong 8
gbi cach chdn dan hodi cot soi dang lién két (B-
FREI). Vi tri dat gdi cach chdn trén mat bang
dugc thé hién trong Hinh 2. Cac gdi cach chan nay
déu co kich thudc nhu nhau va duge dit bén trén
dai mong, bén dudi hé dam d& toan bd twong chiu
luc nhu Hinh 3.
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Hinh 1. Mdt bang tang dién hinh cia cong trinh

Céc gbi cach chin c6 kich thude 250x250x100
mm. M&i gdi duoc cau tao tir 18 16p cao su tong
hop xen kep va gén két voi 17 16p sgi cacbon hai
huéng (0°/90°%). Mbi 10p cao su va soi cacbon day
trong tng 14 5 mm va 0,55 mm. Tong chiéu day
16p cao su 14 £, = 90 mm. M6-dun cit cua cao su la
G = 0,90 N/mm”. Hé s6 hinh dang cua cac gbi
cach chin 1a § = 12,5.

3. XAY DUNG MO HINH CONG TRINH
VA TAI TRONG

Cong trinh dugc xay dung theo m6 hinh khong
gian bang phan mém SAP2000 v15. Tudng gach
(khéi xdy) duoc md phong bang phan tir tim phi
tuyén nhidu 16p. San bé tong cbt thép duoc md
phong bang phan tir tim. Cac san timg ting duoc
khai bao san tuyét d6i ctig. Phan méi ¢6 két cau vi
kéo d& mai ngoi nén trong mod phong quy doi thanh
tai trong phan phdi dat 1én tuong chiu luc. Gbi cach
chdn dugc md phong bang phan tir lién két (link)
dang rubber isolator. Pdi v6i cong trinh mong cimg,
tit ca cac nat & chan tuong tang 1 dé lién két ngam.
Théng sb dac tinh co hoc ciia cac phan tir khdi xdy
va gbi cach chan duoc trinh bay dudi day.

Hinh 3. Vi tri dat géi cdach chan
trong cong trinh
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3.1. Thong s6 diu vao ciia khoi xay

Trong md hinh sd, phan tir tim phi tuyén nhiéu
16p véi cac thong sb Gmg xir dung (S;,), tng xir
ngang (S,) va Gmg xir cat (S;,) duoc dung dé mo
phong khdi xay. Cac Gng xir nay duoc xac dinh

duva trén cac nghién cou thuc nghi€ém cua

(Kaushik et al.,, 2007), (Akhaveissy va Milani,
2013). Trong nghién ctu nay, tuong gach dugc
xdy boi gach dat sét nung mac M75 va vira voi
mac M2,5. Céc dic tinh co hoc cua khbi xay cho
trong Bang 1, tng xir kéo-nén va cit cta khoi xay
duoc thé hién trong cac Hinh 4 va 5.

Biang 1. Pic tinh co hoc ciia khdi xay
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Hinh 4. Ung xir kéo-nén ciia khoi xdy

3.2. Thong s6 diu vao cia gdi cach chin

Gbi cach chan duge mo hinh bang phan tir lién
Kkét dang rubber isolator. Cac dac tinh co hoc cua
gbi cach chin vé& tng xir ngang theo hai phuong
nam ngang (X va Y) va tng xir ding theo phuong
Z déu duogc sur dung dé khai bao. Ung xir ngang
cta gdi cach chdn dugc mé hinh bang mé hinh
vong lap tré song tuyén véi 4 thong sb sau: Do
cing ngang hi¢u dung K. d0 cimg ban dau K,
luc cit ngang & vi tri chay F,vaty s6 d6 cing n =
K./K;. Ung xtr ding duoc khai béo théng qua do
cung theo phuong dung K.

Ung xtr ngang cta gdi B-FREI chiu tai trong
dung thiét ké va chuyén vi ngang ting dan tir 0
mm dén 135 mm (1,50¢,) di dugc khao sat trong
nghién ctru cua (Thuyet et al., 2017) va c6 duong
quan hé Iyc cat - chuyén vi ngang nhu thé hién
trong Hinh 6.

Theo (Naeim va Kelly, 1999), d6 cung theo

Hinh 5. Ung xir cdt ciia khoi xdy

phuong dung cua gbi cach chin da 16p duoc tinh
theo cong thirc sau:
E A

h (M

r

K, =

trong do, A 1a dién tich mat ct ngang géi; E . la
mo-dun chiu nén tire thoi ctia hdn hop cao su - soi
cacbon, d6i voi gdi cach chin c6 mit cit ngang
hinh vuéng thi E, = 6,73GS". Trong nghién ctru
nay E, = 6,73x0,90x12,5* = 946,41 (MPa). Vay:
K, =946,41x62500/90 = 657229,2 (kN/m).

3.3. Tai trong

Cong trinh duoc phan tich tinh phi tuyén
trong hai trudong hop: st dung géi cach chin B-
FREI va méng cung. Tai trong tac dung lén
cong trinh trong cac truong hop la nhu nhau,
bao gdm tai trong ban thén, tinh tai cac 16p ciu
tao san va hoat tai. M6 hinh khong gian cong
trinh cach chin day (da chia phan tir) dugc thé
hién trong Hinh 7.
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Chuyén vi ngang (mm)
Hinh 6. Puong quan hé lyc cdt - chuyén vi ngang
ciia goi B-FREI

4. NHAN BIET CAC TRANG THAI PHA
HUY CUA CONG TRINH

Dbi voi cong trinh nha két cAu tudong gach chiu
luc, cac trang thai pha huy dugc nhan biét thong
qua chuyén vi twong dbi timg tang (Calvi, 1999),
duoc chia thanh 4 trang thai sau: trang thai khong
pha hiy va pha huy nhé (Damage State 1, goi tit
1a trang thai DS1), trang thai pha huy vua (DS2),
trang thai phéd huy 16n (DS3) va trang thai pha huy
hoan toan (DS4); trong d6, ngudng chuyén vi
tuong d6i timg tAng duoc st dung dé gidi han cac
trang thai phd huy (Limit State - LS). Vi tri cac
trang thai pha huy dugc xac dinh trén duong cong
kha ning ciia cong trinh nhu thé hién trong Hinh
8.
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Khongphahiy  phahoyvira  phahuylén  phd huy hodn todn
va pha hiy nho

Phb gia toc. S,
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Phb chuyén vi. Sy

Hinh 8. Vi tri cac trang thdi pha huy trén duong
cong kha nang cua cong trinh
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Hinh 7. Mé hinh céng trinh cdch chan ddy
bang phan mém SAP2000

Pbi v6i cong trinh cach chan day, ngoai 4 trang
thai pha hiy trén con ké thém mot trang thai pha
huy nira ctia gbi cach chan (DS5). Gbi cach chan
da 16p noéi chung dugc thiét k& lam viéc dén
chuyén vi ngang gidi han 1a 1,50¢,.

5. KET QUA PHAN TiCH VA BiNH LUAN

Phan tich tinh phi tuyén cong trinh trong 2
truong hop: méng cimg va sir dung gdi B-FREI
dugc thuc hién. Puong cong kha nang cua cong
trinh (thé hién mdi quan hé gitra luc cit ngang va
chuyén vi méi) twong tng v&i phuong dao dong
riéng thr nhit cua cong trinh (phuong X) duoc
khao sat. Két qua nhan biét vi tri gioi han cac
trang thai pha huy trén duong cong kha nang va
dudng cong mdi quan hé giita phd gia tdc voi phd
chuyén vi ctia cong trinh trong hai truong hop trén
dugc thé hién trong cac Hinh 9 va 10.
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Hinh 9. Duong cong kha nang va vi tri gioi han
cdc trang thai pha huy cua cong trinh
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Hinh 10. Quan hé giita phé gia toc - pho chuyén
Vi va vi tri cdc trang thadi phd huy cua cong trinh

Tir cac hinh v& thiy rang gia tri lyc cit ngang
ctia cong trinh cach chan day luon 16n hon gia tri
lyc cit ngang ctia cong trinh méng ctng (Hinh 9);
gi4 tri phd gia toc ciia cong trinh cach chan day
lubn nho hon gia tri twong Ung cua cong trinh
mong cung (Hinh 10) & tung gidi han trang thai
pha huy ctia cong trinh. Cong trinh cach chan day
chua bi pha hiy gdi cach chan (DS5), khi cong

1 == - — ==

trinh cach chin day dat dén ngudng LS4 thi lac
nay chuyén vi ngang ciia gbi cach chan 1a 50 mm.

Theo FEMA (2003), do thi trang thai pha huy
dugc xac dinh thong qua ham phan phdi chuin
ctia phd chuyén vi cho boi cong thire sau:

P[DS|Sd]=q>[L1n[ 5 D (2)
B

DS d,DS

trong d6, ®[.] 12 mot ham phan phéi chuén; S, ps
1a gia tri ciia ngudng phd chuyén vi tai mot trang
thai pha hity nhat dinh; fps 1a @6 léch chuan cia
logarit tu nhién ctia ph6 chuyén vi ing véi trang thai
pha hiy d6. O day, S, ps dugc xac dinh trén Hinh 10;
gia tri Bps duoc liy theo (FEMA, 2003) cho cong
trinh nha thip ting két cAu tuong gach chiu luc: Bps
= 0,65 cho tt ca cac trang thai pha huy. D) thi trang
thai pha huy cta cong trinh trong cd hai truong hop
phén tich duoc thé hién trong Hinh 11.
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(b) Céng trinh cach chan ddy

Hinh 11. Dé thi trang thdi phd hiy ciia cong trinh

Tt Hinh 11 thdy ring xé4c suit dé cong trinh
bi hu hong ¢ céc trang thai pha huy 16n, pha huy
hoan toan ciia cong trinh cach chidn day giam
dang ké so v&i cong trinh moéng cung. Chang
han nhu khi c6 mot tran dong dat xay ra voi phé
chuyén vi 16n nhat 1a 20 mm, xac suat dé cong
trinh mong ctirng bi hu héng ¢ trang thai DS1 la
0,5%, & trang thai DS2 1a 15,7%, & trang thai
DS3 1a 25,0% va & trang thai DS4 1a 58,8%
(duogc xac dinh trén Hinh 12); trong khi do6, xac

sudt dé cong trinh cach chan ddy bi hu hong &
cac trang thai pha huy DS1, DS2, DS3 va DS4
lan lugt 1a 76,6%, 14,8%, 5,5% va 3,1%. Nhu
vay, cong trinh mong cimg cha yéu bi hu hong &
cac trang thai pha huy l6n va phéa huy hoan toan,
trong khi d6 cong trinh cach chin day chi bi hu
hong & cac trang thai pha huy nho. Pidu d6
ching t6 rang cong trinh cach chan day giam hu
hong dang ké, an toan hon so v&i cong trinh
mong cung khi dong dat xay ra.
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Hinh 12. Phdn phoi xdc sudt theo cdc trang théi
pha hiy cua cong trinh trong cdc truong hop
Vg voi gid tri phé chuyén vi la Sy = 20 mm

6. KET LUAN
Nghién ctru nay trinh bay danh gia ton thuong

dang lién két bang dd thi trang thai pha huy. Ton
thuong dia chin ciia cong trinh cach chan day
dugc so sanh véi ton thuong dia chin cua cong
trinh mong cing dé thiy dwoc hiéu qua giam hu
hong cho cong trinh khi dong dat xay ra. Cong
trinh mong cing va cong trinh cach chin day
dugc phan tich tinh phi tuyén bang phan mém
SAP2000 v.15. Két qua phén tich cho thdy & cing
mdt gia tri phd chuyén vi, céng trinh méng cimg
chit yéu bi hu hong & céc trang thai pha hiy 16n va
pha hay hoan toan, trong khi cong trinh cach chan
day chi bi hu hong & cac trang thai pha hiy nho.
Nhu vy, cong trinh cach chin day giam hu hong
dang ké, an toan hon so v6i cong trinh mong cimg

dia chin cho cong trinh c¢6 két cau twdng gach khi dong dét xay ra

chiu lyc str dung géi cach chan day dan hoi cbt soi
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Abstract:
SEISMIC VULNERABILITY ASSESSMENT OF A BASE-ISOLATED MASONRY
BUILDING USING BONDED FIBER REINFORCED ELASTOMERIC ISOLATORS

Un-reinforced masonry buildings are often susceptible to damage when they are subjected to ground
motion of earthquakes. Fiber reinforced elastomeric isolator (FREI) is a new laminated elastomeric
isolator which is expected to use for medium and low-rise buildings to reduce the damage of the
buildings under earthquakes. FREIs are primarily of two types: bonded fiber reinforced elastomeric
isolator (B-FREI) and unbonded fiber reinforced elastomeric isolator (U-FREI). In this paper, seismic
vulnerability assessment of a base-isolated masonry building using B-FREIs by fragility curves is
investigated. Results show that the seismic vulnerability of the base-isolated building using B-FREIs is
significantly reduced as compared to corressponding fixed-base building under earthquakes.
Keywords: Un-reinforced masonry building, fiber reinforced elastomeric isolator, fragility curves,
seismic vulnerability assessment, damage states.
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