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TOM TAT

Khi déng dat xay ra, tuong tac gilia dat nén va két cau la hién nhién. Tuy nhién, hau hét cac tinh
toan déu bo qua anh hudng clia hiéu Ung tuong tac nay nham tinh toan don gidn hon, nhung su
don gian nay c6 thé gay nguy hiém cho céng trinh. Bai béo nay phan tich anh hudng cla tuong
tac gitta dat nén va két cdu dén chi s6 hu hai clia tru cau bé tong cét thép (BTCT) chiu dong dat.
DE dat dugc muc tiéu nay, mét tru cau BTCT c6 trong thuc té va da dugc thi nghiém dugc lua chon
dé phan tich. Tru cau dugc mé phang st dung phan tir phi tuyén ting x{r tré. K&t qud mé phong
dugc kiém ching bang cach so véi két qua thi nghiém. Phan tich phi tuyén theo lich st thai gian
cla try cau chiu cac tran dong dat co cuong dé khac nhau dugc thuc hién. Két qua phan tich phi
tuyén nay dugc sir dung dé phan tich hu hai. Cac két quéa dugc so sanh dé rit ra mot s két luan
nhu sau. Két qua so sanh cho thdy rdng tuong tac gitta dat nén va két cau hau nhu khong lam thay
déi chi sé hu hai khi tran déng dat co cudng dé vira va yéu. Tuy nhién, tuong tac gitta dat nén va
két cau lam tang dang ké chi s6 hu hai khi tran déng dat cé cudng d6 manh. Do do, thay vi bd qua,
tuong tac gitta dat nén va két cau can dugc phan tich ky khi thiét ké tru cdu BTCT chju dong dat.
Tuwkhoa: Tru cau, Tuong tac gitia dat nén va két cau, BTCT, Dong dat, Hu hai

GIGI THIEU

Trong vai thap ky qua, vdn dé tuong tac gitia dit nén
va két ciu (soil-structure interaction (SSI)) da duoc
quan tdm hon bdi cong dong khoa hoc. Jarernprasert
va cong sul phén tich tuong tac SSI ctia hé mot bac
tu do chiu dong dat. Két qua nghién ctiu cho thdy
ring v6i ting xt tré phi tuyén ctia két cdu, chuyén vi
ctia két ciu c6 xét SSI 16n hon chuyén vi ctia két cau
ngam cting (bd qua SSI). Shakib and Fuladgar? phan
tich dong két cdu nha khong gian (3D) bat d6i xting
chiu dong dit cé xét tuong tac SSI va két luan ring
SSIlam gidm chuyén vi xodn ctia két cdu bat déi xting.
Nakhaei and Ali Ghannad?® danh gia anh hudng cia
SSI dén chi s6 hu hai ctia két cdu nha dugc moé hinh
héa bang hé mot bac tu do chiu tdc dung ctia dong dat.
Két qua cho théy ring SSI lam ting chi s6 hu hai khi
tan s6 ctia két cdu nho hon mot tin s6 ngudng. Tan
s6 ngudng nay co lién quan dén tan s6 trdi cta bang
gia toc nén. Ngoai ra, SSI lam ting dang ké chi s6 hu
hai ctia két cdu co tan s6 thdp dat trén nén dit yéu.
Pitilakis va cong su? mé phong tuong tac SSI trong
thi nghiém bang rung. Mot hé gém két cdu — dat nén
dugc dac trong trong 16p cat kho thiét ké cho thung
chua dat trong thi nghiém ban rung. Két qua m6 hinh
6 thé sti dung cho trong thiét ké cong trinh c6 xét dén
SSI. Raheem and Hayashikawa® phan tich dong luc
hoc phi tuyén c6 xét tuong tac SSI d€ du doan phan

ung dong cua cac thap ciu day viang chiu dong dit.
Céc két qua cho thdy ring phan tich bing mé hinh
tham s6 gop tuyén tinh dugc don gian héa cho két
qua t6t vé phan ting dinh, nhung n6 cho két qua gia
t6c kha cao. Carbonari va cong su® nghién ctiu phan
ung cta cac tru ciu dugc xay dung trén cac nhém coc
nghiéng trong cac 16p dit khac nhau chiu tai dong dat
ké dén tuong tac SSI. Két qua chi ra ring chuyén vi va
ung sudt ctia két cdu phén trén thu dugc tii cac phuong
phép thiét ké truyén théng trong cac tiéu chuén thiét
ké can duogc xem xét lai.

Trong cac tiéu chugn’~1°, anh hudng ctia SSI dugc bd
qua hodc dugc xét dén bing céch gidm luc cat ddy thiét
ké ctia két cdu ngam. Diéu nay cho thiy quan di€ém SSI
la c61gi dd dugc dp dung trong tiéu chudn. Quan diém
bo qua tuong tac SSI c6 thé sé gitip don gidn cong tac
thiét ké. Tuy nhién, khi dong dit xay ra, tuong tac
nay la duong nhién vi dit nén khong tuyét déi clng.
Nhiéu trudng hop két cdu van khong dap ting duge ky
vong trong thiét ké. Do d6, viéc nghién ctu tinh todn
dong dat c6 xét tuong tac SSI sé phu hgp hon.

Két cdu chiu dong dat thudng bi hu hai 6 nhiing mtc
d6 khéc nhau. Nghién ctiu nay gép phin lam r6 hon
van d€ anh hudng cta tuong tac SSI dén miic do
hu hai cta két cdu tru ciu chiu dong dat. Két qua
ctia nghién ctiu c6 thé sé giup ich trong viéc phan
tich/thiét ké tru cau chiu dong dat c6 xét dén SSI. Viéc

Trich dan bai bao nay: Vui CV, Quéc L D, Toan P L S, Tri D H. Anh huéng ciia tuong tac giiia dat nén -
két cau dén hu hai ctia tru cau BTCT chiu dong dat. Sci. Tech. Dev. J. - Eng. Tech.; 5(2):1568-1576.
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phén tich s6 liéu nham muc tiéu thdy dugc sy khéc
nhau gitta mtc d¢ hu hai ctia tru cau BTCT chiu dong
dat trong truong hop c6 SSI so véi truong hop khong
c6 SSI.

MO TA TRU CAU BTCT

Hinh 1 trinh bay mit chinh ctia tru cdu BTCT 112
dugc lya chon dé phan tich trong bai bdo nay. Chiéu
dai nhip cau1a 21,87m. Kich thudc cic bé coc bién va
bé coc gitia lan lugt 1a 2,134x2,134 m va 2,743x2,743
m. Chiéu cao ctia cac bé coc nay la 0,914 m. Tinh tai
tli mdi dam truyén xuéng xa mi tru la P = 240 kN 11,
Cét thép c6 cudng do chay déo la 275 MPa. Bé tong
c6 cudng do chiu nén 21 MPa. Hinh 2 trinh bay chi
tiét bo tri cot thép cha tru cdu. Trong lugng riéng clia
BTCT dugc lay la 25 kN/m?>. Khéi lugng thén tru va
xa ma tru 1a 95,8 tdn. Khdi lugng cia mong va ddm
lién két mong la 41,322 tén.

PHUONG PHAP PHAN TiCH

Mé hinh cét thép va bé téng

M6 hinh dan déo ctia thép dugc st dung v6i mé dun
dan hoi E = 2x10° MPa, cudng do chay f, = 275 MPa
va bién dang t6i han €g, = 0,05. M6 hinh Park va cong
sy 14 da cai tién m6 hinh ctia Kent va Park '° bing cach
tinh dén d¢ gia tdng cuong do bé tong do bi han ché ng
hoéng nén dugc chon dé sti dung trong bai bdo nay. M6
hinh cai tién ctia Park va cong su 14 dugec mod ta bang
biéu thuc (1) va (2), cac tham s8 cua ching dugc xdac
dinh theo cac biéu thtic thic (3)-(6). Trong céc biéu
thiic nay, f la ing suét ctia bé tong, € .
ctia bé tong, p 1a ty s6 gitia thé tich ctia c6t dai va thé

la bién dang

tich ctia 16i bé tong tinh dén mat ngoai cét dai, £, 1
cudng do ctia bé tong, b” la bé rong ctia 161 bé tong
tinh dén mép ngoai ctia c6t dai, s, 1a khodng cach c6t
dai. M6 dun dan héi E, = 47004/f.1°.

2
fe="fr |:286(:;;):|a£c§£0 (1)
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Mo hinh tuong tac SSI

Tru cdu dugc xay dyng trén hé thong mong coc gitp
tai trong truyén dugc xudng cac 16p dit sau. Tuy
nhién, tuong tac SSI chll yéu xay ra ¢ xung quanh bé
moéng. Mong coc dugce dat trén hé thong cac coc ma
cdc coc ¢ thé chiu u6n dudi téc dung cua tai dong dat.
Do d6, dién tich mit bén bé méng cé vai tro chinh
trong tuong tac SSI. D4t nén xung quanh bé mdng
dugc gia thuyét 1a 16p dit c6 vén téc song cat la Vi
=180 m/s.

Céc dic trung ctia SSI ¢6 thé dugc mo hinh bao gébm
3 hé 10 xo0 va can nhdét:

- M6t 10 xo kj, va mot can nhét ¢, d€ mo ta tuong tac
theo phuong ngang.

- Mot 16 xo ky, va mot can nhdét ¢, d€ mo ta tuong tac
theo phuong ding.

- Mot 16 xo k, va mot cin nhét ¢ d€ mo ta tuong tac
theo phuong vudng géc véi mit phing dang xét.

Tuy nhién, theo phuong diing thi tru cdu ding trén
mot hé coc c6 mii coc thudng dugc thiét ké ndm trong
16p dit t6t, dong thai do cing ctia hé coc theo phuong
ding 13 khd 16n nén anh huéng theo phuong ding
dugc bd qua. Bén canh dé, v6i mdt méng don thi van
dé tuong tac xoay ctia hé 10 xo c6 d6 ctling k, va mot
can nhét ¢, la khd quan trong. Tuy nhién, véi hé thong
3 mong coc nhu trong tru cdu dugc chon thi van dé
nay khong c6 y nghia vi cic méng bén canh c¢6 vai tro
ngan can chuyén vi xoay ctia tru ciu. Do véy, trong bai
toan phan tich, chi c6 16 xo va can nhét theo phuong
ngang dugc xét dén.

Gid tri ctia d6 cling 16 xo0 kj, va can nhét ¢, tuong ting
dugc tinh theo biéu thiic (7) va (8) 1. Ty s6 chu ky
co ban khi c¢6 va khong c6 xét tuong tac SSI dugc tinh
theo biéu thiic (9) '8, trong d6, V 14 van téc séng cit
(m/s) ctia ban khong gian dan héi; H la chiéu cao ctia
két c4u; Bla kich thudc moéng; k1a do cling ctia khung
khong xét dén SSI; T va T” 1an lugt 1a chu ky co ban
ctia tru cdu khong xét va c6 xét SSI; D = 0,05 1a ty s6

can.
2860 H\ !
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Hinh 2: C6t thép cla tru cau '3.
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Mé phéng két cdu tru cau chiu dong dat

Két ciu tru cdu dugc mo phong bing cich st dung hai
loai phén ti: phan ti phi tuyén Link cho ving bién
dang déo va phén ti dan hoéi cho phén con lai. Do
cuing cho cac phén tli dan hoi ldy tuong ting véi trang
thai cot thép bi chay déo theo khuyén nghi cia ACI 6.
Vi tri ctia cac phan ti phi tuyén Link cach mép cot va
mép didm tuong ting la mot niia chiéu cao tiét dién
ddm va cot. Cac phén ttt Link c6 Ging xu tré theo mo
hinh Takeda '®. M hinh khép déo don gidn véi chiéu
dai I, = h dé xuét bdi Sheikh va Khoury?® dugc st
dung, véi h 1a kich thudc tiét dién ddm hodc cot dang
xét.

Tinh tii bao gém tai P = 240 kN ! va trong lugng ban
than két ciu tru cdu nhu da dugc néu trong muc 2.
Hoat tai dugc xac dinh ti tai trong xe tai thiét ké HL93
va tai trong 1an 9,3 N/mm. Xe tai thiét ké HL93 c6 tai
trong truc trudc, truc gitia va truc sau lan lugt 1a 35
kN, 145 kN, va 145 kN. Khoang cach truc trudc va
truc gitia la 4300 mm. Khoang cich truc gitia va truc
sau thay déi ti 4300 mm dén 9000 mm sao cho tai
trong géy bat 1gi nhét cho két cdu. Vi tri clia tai trong
xe HL93 dugc xép theo tiéu chudn AASHTO [9]. S6
lan xe thiét k€14 5, nén hé s6 lan sé la m = 0,65. Hé s6
cho hoat tai trong t6 hgp tai trong dong dat 1a yzp =
0,50 [9]. Do d4, tong hoat tai xe thiét ké va tai trong
lan 13 145 kN tai méi vi tri g6i ddm. Tinh tai td méi
ddm truyén xudng xa ma tru la P = 240 kN [11]. Nhu
vay, tong tai trong 1a 385 kN tdc dung tai vi tri mbi goi
dam.

KET QUA PHAN TIiCH VA THAO
LUAN

Tru ciu nay da dugc phan tich d4y d4n bdi Pantelides
va Gergely!!. Do d6, két qua phan tich tii SAP2000
trong bai bdo nay dugc kiém ching bing cich déi
chiéu véi két qua clia Pantelides va Gergely!!. Vi két
qua clia Pantelides va Gergely!!' dugc thyc hién khi
khoéng c6 hoat tai, nén dé€ so sinh dugc, phan hoat tai
cang khong dua vao trong phan tich ddy dan trong
SAP2000. Két qua dudng cong quan hé luc - chuyén
vi thu dugc tii phan tich ddy dan ti SAP2000 dugc so
v6i két qué clia Pantelides va Gergely !! nhu trinh bay
trén Hinh 3. Hai két qua phan tich xdp xi nhau kha
tot.

Khi khong xét tuong tac SSI, chu ky co ban (T) cta
tru ciu tuong ting véi toan bo tinh tai va 50% hoat tai
dugc xac dinh la 0,73 s ing v6i dang dao dong dau tién
nhu thé hién trén Hinh 4a. Chu ky co ban ciing dugc
xac dinh cho trudng hgp co tuong tac SSI. Ty s6 can
ctia dét By = 0.1 dugc st dung; tit d6, cac gia tri dac
trung ctia SSI dugc xdc dinh: ¢, =275981,4 kN/(m/s),
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Hinh 3: Dudng cong quan hé giia luc - chuyén vi.

kp =510174,6 KN/m. D) cting k ctia tru cdu dugc xac
dinh tu dudng cong luc - chuyén vi c6 dugc tit phan
tich ddy dan. Ty s6 chuky A = % = \/1+ £ =1,09
va tin s6 co ban cta tru cAn khi cd xét SSI1A T/ = AT
=1,09x0,73 = 0,796 s. Gid tri chu ky co ban tim dugc
bang m6 hinh SAP2000 1 0,80857 s nhu thé hién trén
Hinh 4b, kh4 st v6i két qua tinh néu trén.

MO hinh tru cdn c6 phan ti ting xt tré phi tuyén trong
SAP2000 chju dong dat dugc phan tich theo lich st
thoi gian. Bing gia t6c ghi tai tram do ”El Centro Ar-
ray #9” clia tran dong dét Imperial Valley nam 1940,
c6 6 hiéu Record Sequence Number RSN 62! nhu thé
hién trén Hinh 5 dugc chon d€ phan tich. Nhiéu tac

22-24 y3 trén thé gi¢i>>~3! da chon duy

gia trong nudc
nhét tran dong dédt nay dé€ st dung cho viéc phén tich
ctia ho. Cudng do bang gia té¢ nay dugc thay d6i bang
cach nhén véi hé s6 sao cho cac gia toc dinh (PGA)
14 0,2g, 0,25g va 0,3g. Hé s6 can 2% theo tiéu chudn
AASHTO? dugc st dung.

04
03 F
02 F

01
Thoi gian (s)

0 40 50

Gia toc (2)
=3

-0.1 F

-02

-03 F

04 L

Hinh 5: Béing gia t6c RSN 62

Phan tich m6 hinh tru céu trong SAP2000 theo lich
st thoi gian chiu bing gia tdc RSN 6 (El Centro Array
#9) v6i cac cuong d6 néu trén dugc thuc hién. Két
qua cdc tng xt tré phi tuyén cta cic phan tu Link
dugc st dung d€ tinh todn chi s6 hu hai. Hinh 6,
Hinh 7 va Hinh 8 trinh bay két qua tng xu tré cta
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E Deformed Shape (MODAL) -Mode 1; T = 0.72728; f = 1.37498

E Deformed Shape (MODAL) - Mode 1; T = 0.80857; f = 1.23675

a) Khong xét SSI

b) C6 xét SSI

Hinh 4: M4 hinh tru cau trong SAP2000 st dung phan td phi tuyén Link.

mot phén td Link khi tru ciu chiu trén dong dat co
cuong do lan lugt la 0,2g, 0,25g va 0,3g. Hinh 6a,
Hinh 7a va Hinh 8a la két qua phén tich khi khong
xét SSI. Hinh 6b, Hinh 7b va Hinh 8b 1a két qua khi
c6 xét tuong tac SSI. Cung mot hé truc giong nhau
dugc st dung d€ vé cac hinh nay d€ c6 thé so sdnh so
bd bing mit. C6 thé thdy qua cic hinh nay, sy khéc
biét khi khong c6 va c6 xét SSI trong hai truong hgp
PGA = 0,2g va 0,25g 1a khé c6 thé nhén thdy. Tuy
nhién, sy khac biét trong truong hgp PGA = 0,3g 1a
nhén thdy dugc; trong d6, dudng cong ting xu tré khi
c6 xét SSI (Hinh 8b) rong hon ra mot cach ro rét so
v6i khi khong xét SSI (Hinh 8a).

Két qua phan tich theo lich st thoi gian tru cau chiu
cac trén dong dat dugc st dung d€ tién hanh tinh
todn/phan tich chi s6 hu hai. D6 16n cta chi s6 hu
hai DI thay d6i tii 0 dén 1, trong d6 DI = 0 1a két cdu
khong c6 hu hai va DI = 1 1a két cdu sup d6. M6 hinh
chi s6 hu hai biéu dién bai biéu thic (10) do Cao va
cong su 32 géxuit co gid tri it 0 dén 1 va dugc st dung
dé tinh todn. Trong mo6 hinh nay, tham s6 N va i (i <
N) lan lugt dugc xac dinh theo biéu thic (11) va (12);
Ej, 13 ning lugng hép thu va Ej la nang lugng phuc
hoi; Ey, 1 cotiapse Va Ep, 1y 1an1ugt 1a nang ligng hap thu
trong mot vong ldp giéi han va mét vong chay déo; a
= 0,06 1a hé s6 hiéu chinh.

E o(N—i)
DI = {7]1} (10)
Ej+ Erec
N = Eh,lcollapse (11)
Eniy
. By
1= 12
Enty (12)

Két qua phan tich hu hai khi c¢6 va khong xét tuong tac
SSI dugc thé hién trén Hinh 9. K&t qua cho thdy ring
khi PGA = 0,2g, tuong tdc SSI khong lam thay d6i chi
s6 hu hai. Khi PGA = 0,25g, tuong tac SSI lam cho
chi s6 hu hai tang nhe t 0,33 1én 0,35. Tuy nhién, khi

PGA =0,3g, tuong tac SSI 1a ting rat ddng ké chi s6 hu
hai tit 0,57 1én 0,69. Bang 1 trinh bay chi tiét so sainh
muc d¢ tdng chi s6 hu hai. Trong truong hgp PGA =
0,3g, tuong tac SSI1am chi s6 hu hai ting 21,1% so véi
truong hop khong xét tuong tac SSI.

1.00

®m Khong xét twong tac SSI

0.75 ® C6 Xét trong tdc SSI 0.69

3 050

0.25

0.00

020 0.25 0.30
PGA (9)

Hinh 9: Chi s6 hu hai cta tru cau

KET LUAN

Tru ciu BTCT chiu tdc dung cta tai dong dat dugc
md phong c6 va khong c6 xét dén tuong tac SSI. Phan
tich phi tuyén theo lich st thoi gian va phén tich hu
hai dugc thuyc hién cho cac tran dong dat c6 cuong do
khéc nhau. Céc két qua dugc so sdnh d€ rut ra mot
$6 két luan nhu sau. Khi cudng d6 tran dong dat yéu,
tuong tac SSI hau nhu khong lam thay d6i muc d6 hu
hai ctia tru cu. Tuy nhién, tuong tac SSI da lam ting
dang ké mtic d6 hu hai cta try ciu khi tru cdu chiu
tac dung ctia tran dong dat cé cuong dong manh. Do
d6, quan niém tuong tac SSI 1a c6 1¢i cho két cdu can
dugc xem xét lai.

LO1 CAM ON

Nghién ctu dugc tai trg bdi Truong Pai hoc Bach
Khoa - DPHQG-HCM trong khu6n khé d€ tai ma sé
To-KTXD-2021-17.
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-0.01

0.01
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0 0.005
Rotation (rad)

Hinh 6: Mé men — géc xoay khi try cau chiu tran dong dat v6i PGA = 0,2g.

i
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Rotation (rad)

a) Khong xét SSI
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Moment (Nmm)
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0 0.005
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Hinh 7: M6 men - g6c xoay khi tru cau chiu tran dong dat vsi PGA = 0,25g.
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Rotation (rad)

a) Khong xét SSI
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0.01

Moment (Nmm)

b) C6 xét SSI

Rotation (rad)

Hinh 8: Mé men - géc xoay khi tru cau chiu tran dong dat véi PGA = 0,3g.
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Bang 1: Muic dd hu hai cta tru cau

PGA DIfixed—base DIgg; DIsss —pifived—base % tang do SSI

0,20g 0,12 0,12 0,00 0,0

0,25g 0,33 0,35 0,02 6,1

0,30g 0,57 0,69 0,12 21,1
XUNG DOT LI iCH ok

Nhom tdc gia khong c6 xung dot loi ich.

PONG GOP CUA CAC TAC GIA

Cao Vin Vui: Viét ban thdo, mo6 phong, kiém tra bai

bdo; Lé bBinh Quéc: tham gia mé phong, phan tich,
kiém tra bai bdo; Pham Lé Song Toan va Pinh Hiiu
Tri: tham gia phén tich va kiém tra bai béo.
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Effects of soil-structure interaction on the damage of bridge piers
subjected to earthquakes

Vui Van Cao'?", Quoc Dinh Le'2, Toan Song Le Pham'2, Tri Huu Dinh2

ABSTRACT

When an earthquake occur, interaction between soil and a structure is obvious. However, the effect
of this interaction is often neglected in most of the design of structures because of its simplicity, but
Use your smartphone to scan this this simplicity can be unsafe for the structures. This paper analyzes the influence of soil-structure
QR code and download this article interaction on the damage index of reinforced concrete (RC) bridge piers subjected to earthquakes.
To achieve this aim, an RC bridge pier, which was constructed and tested in practice, was selected
for analyses. The selected RC bridge pier was modelled using nonlinear hysteretic elements. The
model of the RC bridge pier was verified by comparing the results obtained from the model with
the experimental results. Time-history nonlinear analyses of the RC bridge pier subjected to earth-
quakes of different intensities were performed. The results of these nonlinear analyses were used
for damage analyses. The results of damage analyses were compared to draw some conclusions as
follows. The comparison results showed that the soil-structure interaction hardly changed the dam-
age index of the bridge pier when the earthquakes were of moderate and weak intensity. However,
the soil-structure interaction significantly increased the damage index when the pier was subjected
to strong earthquakes. Therefore, instead of being ignored, the soil-structure interaction should be
carefully analyzed when designing reinforced concrete piers subjected to earthquakes.
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