BAI BAO KHOA HOC

PANH GIA TON THUONG DPIA CHAN CUA NHA THAP TANG KET CAU
TUONG GACH CHIU LUC BANG PO THI TRANG THAI PHA HUY

Ngé Vin Thuyét!

Tém tit: Nha két cau twong gach chiu lec la mot dang két cau phé bién cia cong trinh dan dung thap
tang. Cdc cong trinh ndy thuong bi hw hong khi chiu tdi trong ngang cia cdc trgn dong dat. Hu hong
cua cong trinh & cac trang thdai phd huy khdac nhau phy thuéc vao do lon cua cdc trgn dong dat. Do thi
trang thdi phd hiy la mot cong cu hitu hiéu dé danh gid ton thieong cho két cau cong trinh chiu tic dong
déng dat. Phwong phdp sir dung do thi trang théai phd hiy dé danh gia hw hong cho cong trinh chiu
déng dat di dwoc thuce hién trong nhiéu nghién civu trén thé gidi, nhung & Viét Nam c6 rdt it nghién ciru
vé do thi trang thai phd hity. Trong nghién civu nay, danh gida ton thwong dia chdn cho c¢éng trinh nha
thap tang két cau twong gach chiu lyc bang do thi trang thai phd hiy dwoc khdo sat bang phén tich mé
hinh so.

Tir khéa: Nha két cdu tuong gach chiu luc, dd thi trang thai pha huy, danh gia ton thuong dia chin,

trang thai pha huy.

1. PAT VAN PE

Nha két cu tuong gach chiu lyc 1a mot dang
két cdu phd bién cua cic cong trinh dan dung thap
tang & cac nudc dang phat trién. Cac cong trinh
ndy c6 wu diém 1a xay dung nhanh, chi phi ré do
sit dung cong nghé thi cong don gian, truyén
théng va tan dung duoc vt liéu dia phuong san
c6. V& mat két céu, cong trinh c6 thé chiu duoc tai
trong theo phuwong dung 16n do két ciu tudng
gach chiu nén tbt, nhung chung thuong xuat hién
cac vét nit, hu hong khi chiu tai trong ngang do
két cau tuong gach co kha ning chiu kéo va cit
thap. Khi dong dat xay ra, cac cong trinh két cau
tuong gach chiu lyc thuong bi hu hong & céc trang
thai pha huy khac nhau phu thudc vao do 16n cua
cac tran dong dat. Panh gia hu hong cho nha thip
tﬁng két cu tuong gach chiu luc 1a mot viéc 1am
can thiét trong phan tich, danh gia ton thuong
cong trinh chiu tac dong dong dat.

Do thi trang thai pha huy két cau 1a mot cong
cu hitu hiéu dé danh gia ton thuong dia chan cho
cong trinh. Theo (FEMA, 2003), dd thi trang thai

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

pha hay cho mot dang két céu cong trinh 14 d6 thi
biéu dién duong xac suit dé danh gia hu hong cua
cong trinh c6 vuot qua mdt trang thai pha huy cu
thé hay khong, irng v6i mot thong sb cuia dong dat
(c6 thé 1a phd gia tde, S, hodc phd chuyén vi, S,).
Ham phan phdi chuin thuong duoc st dung dé
xdy dung d6 thi trang thai pha huy cho mot két
cau. PO thi trang thai pha huy két cdu thuong
duoc xdy dung theo phuong phép phéan tich mo
phong s thong qua cac phan mém két cau.

Panh gia ton thuong cong trinh chiu dong dat
bang dd thi trang thai pha hiiy cho mét sb dang két
cau cong trinh da dwoc nghién ctru trén thé giGi
hon hai chuc nim qua. Phin 16n cic nghién ctru
déu danh gia ton thwong dia chan cho nha bé tong
cbt thép. Vai nam tre lai day, mot sb tac gia da
nghién ciru danh gia ton thwong dia chin cho cong
trinh nha két ciu tuong gach chiu lyc & mot sb
ving trén thé gi6i nhu (Park et al., 2009), (Thuyet
et al., 2018)..... Tuy nhién, & Viét Nam dd thi
trang thai pha huy két cau 1a mot khai niém twong
d6i méi. C6 rét it nghién ciru ¢ Viét Nam vé xay
dung db thi trang thai pha huy két cdu dé danh gia
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tén thuong dia chin cho cong trinh dan dung, dac
biét 1a nha thip tang két ciu tuong chiu luc.

Trong nghién ctru nay, danh gia ton thuong dia
chin cho mot cong trinh nha thip ting két cu
tuong gach chiu luc sir dung do thi trang thai pha
hiy duoc khao sat bang phan tich moé phong sd
thong qua phﬁn mém SAP2000. Cac trang thai pha
huy cua cong trinh dugc xac dinh thong qua
ngudng chuyén vi tuong ddi timg tang dua trén
phan tich tinh phi tuyén két cau. Tiur d6, do thi
trang thai pha huy dugc xay dung dé danh gia ton
thuwong dia chan cho cong trinh.

2.MO TA VE CONG TRINH NGHIEN CUU

Mot cong trinh nha thap ting két céu tudng
gach chiu luc véi cac thong sb vé kich thude va
vat liéu gia dinh dugc lya chon nghién ctiru. Cong
trinh gém ba téng co cac tuong gach doéi chiu luc
day 220 mm va san bé tong cbt thép day 120
mm. Chiéu cao mdi ting 1a 3,0 m. Mdi ting co
mot ctra ra vao kich thudc 1,0 x 2,0 m va mot
ctra s6 kich thudc 1,0 x 1,5 m. Phin mai cong
trinh c6 két cau vi kéo d& va lop mai ngdi. Thong
s6 kich thudc hinh hoc cua cong trinh duogc thé
hién trong Hinh 1.
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a) Mdt bang tang dién hinh

b) Mat cat A-A

Hinh 1. Théng s6 hinh hoc cia cong trinh

3.XAY DUNG MO HIiNH CONG TRINH

Cong trinh dugc xay dung md phong khong
gian bang phan mém SAP2000 v15. Tudng gach
(khdi xdy) duge xay tir gach dat sét nung va vira
voi. Trong md phong s6, khdi xay duoc méd phong
bang phan tir tim phi tuyén nhiéu 16p théng qua
ung xu ung xu dung (S;;), ung xr ngang (S2;) va
mg xir cit (S;;) nhu Hinh 2 (Bilgin, Korini,
2012). Céc trng xtr nay la dac tinh co hoc chung
ctia khdi xay va dugc xac dinh dya trén cac nghién

ctru thue nghiém cua cac nghién cuu trudc. Phan
mai cong trinh ¢6 két cau vi kéo d& nén trong mod
phong quy ddi thanh tai trong phan phdi dat 1én
tuong chiu luc.

Céac nghién ctru thuc nghiém trudc day hau
hét déu di xac dinh @ng xtr nén-kéo cua két
cdu tudng gach theo phwong vudng goc voi
chiéu dat vién gach (S;;), rat it nghién ctru xac
dinh rng x1r theo phuong doc vién gach (S,,).
Kha nang chiu nén cua khéi xay theo phuong
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(S32) s€ cao hon phuong (S;;) vi dién chiu tai
ciia gach theo phwong nay nhiéu hon, trong
khi d6, kha ning chiu cit cia khdi xay theo
phuong (S,,) s& khong t6t bang phuong (S;;)
do cac mach vira gira cac hang gach 1a thing

hang. Tuy vdy, dé tinh todan mot cach gan
dung, trong nghién ctru nay lay ung xu cia
khdi xdy theo hai phuong (S;;) va (S2,) 1a nhu
nhau (twong tu nhu trong nghién cliru cua
(Bilgin, Korini, 2012)).

a) Ung sudt trong phin
16 ctia phan tir tam

h h h h h

b) Ung xir diing S;; va ngang S»; trong khoi xdy

Hinh 2. Ung sudt trong phén t6 phan tir tam ciia khoi xdy

3.1. Ung xir nén-kéo ciia khdi xay
Ung xir phi tuyén vé nén va kéo cua khoi xay
(Hinh 3) duogc xac dinh theo dudong cong ung xu
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(a) Ung xit nén

nén thyc nghiém trong nghién ctru cua (Kaushik et
al., 2007) va duong ung xtr kéo dua trén dé xuit
cua (Akhaveissy, Milani, 2013).
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(b) Ung xit kéo

Hinh 3. M6 hinh ting xut nén - kéo cua khoi xdy dé xuat

Phan dudng cong mg xr nén tng véi bién
dang tir 0 dén &, dugc tinh theo cong thirc:
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trong do, f,, 1a cuong do chiu nén cua khoi xay,
f’m 1a dinh cuong dd chiu nén cua khoi xay, ¢, la

bién dang cua khdi xdy, ¢, bién dang twrong tng
vo1 cuong do dinh f7, f, va f; lan luot 13 cudng do
chiu nén cua gach va vira riéng biét. Vuot qua gia
tri bién dang ¢’,, dudng quan hé giira cudng do véi
bién dang 1a tuyén tinh. Gia tri bién dang &, dugc
tinh nhu sau:
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J
Trong nghién clru nay, tudong gach dugc xay
dung tir gach dat sét nung c6 cudng do chiu nén 1a
f» = 7,5 MPa (tuong duong gach mac M75 trong
TCVN 1450:2009) va vira voi ¢6 cuong do chiu

nén la f; = 2,5 MPa (twong duong vira vOi mac
M2.,5 trong TCVN 4314:2003). Ap dung cic md
hinh Gng xu dé xuét & trén, cac dic tinh co hoc
ctia khéi xay duogc tinh toan va cho gia tri trong
Bang 1 va tng xir kéo-nén cua khdi xay duoc thé
hién trong Hinh 4.

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

3.2. Ung xir cit cia khoi xay

Ung xir cét cta khdi xdy duge mé hinh thong
qua hé sb dinh (c) va ma sat gitia gach va vira boi
cong thurc Morh-Coulomb sau:

T=c+oxtang (6)

trong d0, o 1a irng suat nén va tang dai dién cho
ma sat gifra gach va vira.
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Hinh 5. Ung xir cdt ciia khoi xdy

Theo (Bilgin, Korini, 2012), trong mo6 hinh rng
xir cit cua khéi xdy, luc ma sat giita gach va vira

c¢6 thé bo qua. Theo (Akhaveissy, Milani, 2013),
hé sb dinh (¢) cho khdi xay thong thudng lay tir
0,05 MPa dén 0,25 MPa. Véi sb liéu gia dinh cua
cong trinh trong nghién cru nay, hé sé dinh liy
bang 0,1 MPa. Ung xur cit ctia khdi xay thé hién
trong Hinh 5.

3.3. Piéu kién bién va tai trong

Tat ca cac nut & chan tuong gach tang 1 dugc
coi 1a ngam. Tai trong 1én san bao gdm tai trong
ban than, tinh tai cac 16p cAu tao san va hoat tai.

Két qua phan tich tinh phi tuyén mé hinh cong
trinh nha thép téng két cau tuong gach chiu luc
bang phin mém SAP2000 véi két qua nghién ctru
thyc nghiém da dugc kiém ching trong nghién
ctru cua (Ngo Vian Thuyét va Nguyén Thu Nga,
2020). Nghién ciru di chi ra rang hoan toan c6 thé
sit dung phuong phép phan tich mé hinh sé bang
phin mém SAP2000 dé phan tich cong trinh nha
thép tﬁng két cau twong gach chiu lyc.

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

Pé danh gia ton thwong dia chin cho cong
trinh, céc trang thai pha hity can dwoc dinh nghia
va nhan biét. C6 nhiéu phuwong phap gan dang dé
nhan biét cac trang thai pha huy cho cong trinh
nha két ciu tuong gach chiu luc, tuy nhién
ngudng bién dang dugc xem 1a chi sé dé nhan biét
cac trang thai pha huy téi uu nhét. (Calvi, 1999)
d3d d& xuit cac ngudng bién dang thong qua
chuyén vi twong dbi timg ting dé nhan biét cac
trang thai pha huy khac nhau cho cong trinh, bao
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g6m bdn trang thai pha huy: trang thai khong pha
hiy va pha huy nho (Damage State 1, goi tat 1a
trang thai DS1), trang thai pha huy vua (DS2),
trang thai pha 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). Cac trang
thai pha huy dugc xac dinh trén duong cong kha
ning ctia cong trinh nhu thé hién trong Hinh 6.

(DS (DS2) (DS3) (DS4)
Trang thai Trang thai Trang thai Trang théi
khong pha bty phahiyvira  phahiylon  phd hiy hodn toan
va phd Inty nhé

Phd gia tdc, S,

(0.1%)

(0.3%) (0.5%)

Phd chuyén Vi, Sq
Hinh 6. Cdc trang thai pha huy trén duong cong
kha nang cua cong trinh
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Hinh 7. Chuyén vi twong doi timg tang va vi tri
gioi han cdc trang thai pha huy
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5. XAY DUNG PO THI TRANG THAI
PHA HUY CHO CONG TRINH

5.1. Két qua phéan tich tinh phi tuyén
cong trinh

Puong cong kha niang (thé hién mbi quan hé
gitta lyc cit ngang va chuyén vi mai) twong
tmg v6i phuong dao dong riéng thtr nhit cua
cong trinh dugc khao sat. O cong trinh nay,
phuong X la phuong cta dao dong riéng thu
nhat. Do d6, cac két qua tiép theo dudi day chi
x¢ét theo phuong X. Nhan biét vi tri cac trang
thdi phd huy trén duong cong kha ndng cua
cong trinh trong phén tich tinh phi tuyén dugc
thé hién trong cac Hinh 7 va 8.

Phan mém SAP2000 c6 thé chuyén d6i tur
duong cong kha ning ra mdi quan hé giita phd gia
tdc voi phd chuyén vi cua cong trinh. Mbi quan hé
giita phd gia toc v6i phd chuyén vi va vi tri giéi
han cac trang thai phd hiy cua cong trinh dang

nghién ctru dwoc thé hién trong Hinh 9.
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Hinh 8. Duong cong kha nang va vi tri gioi han
cdc trang thai pha hiy

Hinh 9. Quan hé giita phé gia toc
va phé chuyén vi cia cong trinh
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5.2. Xay dung do thi trang thai pha hiy
Theo (FEMA, 2003), dd thi trang thai pha huy
dugc xac dinh thong qua ham phan phdi chuan
ctia phd chuyén vi cho boi cong thire sau:
P[DS|S,]= @(Lln (LD (7)
ﬂDS d,DS
trong d6, ®[.] 14 mot ham phan phdi chuan;

Sups 12 gia tri ciia ngudng phd chuyén vi tai mot
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Hinh 10. Do thi trang thdi phd hiy ciia cong trinh

6. PANH GIA TON THUONG PIA CHAN
CHO CONG TRINH

Cac duong do thi trang thai phd huy trén
Hinh 10 13 co s dé danh gia ton thuong dia
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trang thai pha huy nhit dinh; Pps 1a @0 léch chuén
ctia logarit ty nhién cia phd chuyén vi ung véi
trang thai pha huy d6. O day, S, ps duoc xac dinh
trén Hinh 9; gia tri fps duoc lay theo (FEMA,
2003) cho cong trinh nha thap ting két ciu tudng
gach chiu luc: fBps = 0,65 cho tit ca cac trang thai
pha huy. D6 thi trang thai pha hiy ciia cong trinh
dugc thé hién trong Hinh 10.

chan cho cong trinh. Gia st c6 mdt tran dong
dat xay ra voi phd chuyén vi 10n nhét 1a 5 mm,
xé4c sudt dé cong trinh pha huy ¢ trang thai DS1
la 28,4% (duoc xac dinh trén Hinh 10), ¢ trang
thai DS2 1a 55,6%, ¢ trang thai DS3 1a 12,0% va
& trang thai DS4 1a 4,0%. Phan phdi xac suit
theo mdi trang thai pha huy duoc thé hién trong
Hinh 11(a). Tuong tu nhu vay, phan phdi xac
sudt theo cac trang thai pha huy ciia cong trinh
khi phd chuyén vi cia tran dong dat co gid tri
16n nhat 15 mm duoc thé hién trong Hinh 11(b).
Xé4c suit dé cong trinh pha huy O trang thai
DS1, DS2, DS3 va DS4 trong truong hop nay
lan lugt 1a 1,2%, 23,1%, 28,1% va 47,6%.

dsillM)

P(DS=

DSl1 DS2 Ds4

(b) Sy =15 mm

DS3

Hinh 11. Phdn phoi xdc sudt theo cdc trang thdi phd hiy cia cong trinh

ung voi cdc gia tri khac nhau cua pho chuyén vi

Tir Hinh 11 cho thay khi gia tri phd chuyén vi
ting 1én, x4c suit dé cong trinh pha huy & cac
trang thai DS1 va DS2 giam di, nhung xac suat dé
cong trinh phéd hay & cac trang thai DS3 va DS4

tang 1én. Piéu d6 chimg to rang khi gia tri phd
chuyén vi cang ting 1én thi cong trinh cang dé bi
pha hity va tién toi trang thai pha huy hoan toan.
Diéu nay hoan toan phu hop trong danh gia ton
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thuong dia chin cua cong trinh ngoai thuc té.
Théng thudng trong thuc té, cong trinh dugc danh
gi4 ton thuong dia chdn mot cach dinh tinh thong
qua théng ké cac hu hong cta cong trinh va cam
giac cua con nguoi ¢6 mat trén cong trinh. Trong
khi d6, nghién ctru nay cung cip mét phuong phap
danh gia ton thuong dia chan cong trinh mét cach
dinh luong thong qua d6 thi trang thai pha hiy két
cau. Pay la tién dé& dé cic nha thiét k& phan
tich/danh gia mot cach dinh lwong vé ton thuong
dia chan cho cong trinh, tir 46 dé ra cac bién phap
gia cuong phu hop cho cong trinh.

7. KET LUAN

Nghién ctru nay dénh gia ton thuong dia chin

TAI LIEU THAM KHAO

cho cong trinh nha thap tang két ciu tuong gach
chiu Iyc bang dd thi trang thai pha hity. Cong trinh
dugc phan tich tinh phi tuyén thong qua phan
mém SAP2000 v.15. D thi trang thai pha huy két
cau dugc xdy dyng trén mot ham phan phdi chuan
ctia phd chuyén vi cong trinh. Két qua cho thiy
khi gia tri phd chuyén vi ting 1én, xac sudt dé
cong trinh bi ph4 hily ¢ cac trang thai pha huy nhé
1a giam di, xac suat dé cong trinh bi pha huy & cac
trang thai pha huy lon va phd huy hoan toan la
tang 1én. PO thi trang thai pha huy két cau 1a mot
cong cu hiru hi¢u dé danh gia vé mat dinh luong
ton thuong dia chin cho cong trinh & cac trang

thai pha huay khac nhau.
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Abstract:
SEISMIC VULNERABILITY ASSESSMENT OF A LOW-RISE UN-REINFORCED
MASONRY BUILDING BY FRAGILITY CURVES

Masonry building is one of the commonly adopted structural types of low-rise civil buildings. The
buildings are often susceptible to damage when they are subjected to ground motions of earthquakes.
Damage of the buildings is in different damage states due to magnitude of earthquakes. Fragility curves
provide a powerful solution tool for seismic vulnerability assessment of such structures. The use of
fragility curves to evaluate the seismic vulnerability assessment of a structure was presented in some
article researches in the world, however, it was few researches in Vietnam related the vulnerability
assessment of a structure using fragility curves. In this paper, seismic vulnerability assessment of a low-
rise un-reinforced masonry building using fragility curves is investigated by finite element analysis.
Keywords: Un-reinforced masonry building, fragility curves, seismic vulnerability assessment,
damage states.
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