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CHUYEN Vr M y c TltV CUA KHI NG P H A N G BE TONG COT 

THEP CHIU DIA CHAN BANG P i n \ TICH TEVH PHI TUYEN 

TARGET DISPLACEMENT OF FLAT REINFORCED STEEL CONCRETE AND 

SUSTAINED SEISMIC FRAMES BY NONLINEAR STA TIC ANALYSIS 

HOANG QUOC THANH<'> 

TdM TAT: Bdi viit ndy ddnh gid dp chinh xdc vd sai lich cua chuyin vi muc tieu dup^c 
xdc dinh bdng phuang phdp phdn tich tinh su dung luc ngang dua trin dgng dao dpng cd 
xet din dong gdp cua cdc dgng dao dpng cao MPA (Modal Pushover Analysis) cho khung 
be tdng cot thep phdng 6, 12 vd 20 tdng chiu tdc dpng cua bp dpng ddt v&i tdn sudt xdy ra 
la 10% trong 50 ndm. Kit qud cua phuang phdp MPA duac so sdnh v&i ket qud phuang 
phdp phdn tich day ddn chudn SPA (Standard Pushover Analysis) vd phucmg phdp phdn 
tich phi tuyen theo miin thai gian NL-RHA (Nonlinear Response History Analysis). 
Tir khda: khung be tdng cdt thep chiu dia chdn; phdn tich phi tuyen ddy ddn chudn; phdn 
tich tinh phi tuyin xit den dao dpng bgc cao; phdn tich phi tuyin theo mien thai gian. 

ABSTRACT: This paper asses.ses the accuracy and bias of the target displacement 
determined by static analysis using horizontal forces based on the oscillation type taking 
into account the contribution of the high oscillation modes MPA (Modal Pushover 
Analysis) for 6, 12 and 20-storey flat reinforeced steel concrete frames which sustained 
from the impact of seismic with a frequency of 10% for 50 years. The results ofthe MPA 
method are compared with the results of the Standard Pushover Analysis (SPA) and the 
Nonlinear Response History Analysis (NL-RHA). 
Key words: reinforced steel concrete and sustained seismic frame; Standard Pushover 
Analysis; nonlinear static analysis considering high level of oscillation; Nonlinear 
Response History Analysis. 

I. DAT VAN DE phuong phap NL-RHA ddi hdi tinh ehinh 
Phan tich phdn iing phi Uiyen theo xdc cua md hinh ket cau. Tuy nhien, do 

mî n thdi gian (NL-RHA) thudng duoc khdi luong tinh loan qua ldn, vi vdy khd dp 
thyc hien cho viec danh gia mirc dp an loan dung vdo thye te thiet ke. 
ciia kit edu, xac dinh phan iing khdng dan De khac phyc nhupc diem tren, tren 
hdi eiia h? khi phdi ehiu mdt Iran dpng dat the gidi cd gang phdt trien nhieu phuang 
mgnh. Phuong phdp nay Id mdt cdng cy, la phdp phan tich hpp ly de cd the dat dupe su 
thude do phdn anh thye te ddp iing ciia ket can bang thda dang giiia dp tin cay va tinh 
eau khi chiu dpng ddt. Co sd ly thuydt cua img dyng cho vide su dyng thiet ke hang 

•'ThS. Trudng Dai h(;K; Van Lang, hoangquocthanh@vanlanguni edu vn. Masd: TCKHl 8-13-2019 

49 



TAP CHi KHOA HQC DAl HQC VAN L.-\NG So 18. ThangUj 

ngay. Do dd, cac phuang phdp gan diing, 
gpi Id phuong phap tinh phi hiyen (NSPs) 
dupe bat ngudn lir ly thuyel dpng hpc cdng 
trinh da dupe phdt trien nhu Id mdt sy lua 
chpn thay the cho phuong phdp chinh xdc 
NL-RHA. Mdt sd cac phucmg phap tinh phi 
myen dupe lieu chudn trong FEM.-\-356 [1] 
vd ATC^O [2, tr.l237-I246] bdng each md 
phdng ket cdu ehiu tdi ngang theo chieu cao 
tang ddn eho den khi dat dupe chuyen vi 
myc lieu da xac djnh trudc. Chuyen vi myc 
lieu dupe xac dinh tir sy bien dang ciia he 
mpt bae ty do (SDF) tucmg duong. Tuy 
nhicn. cde phuang phap NSPs dya tren cac 
mau tdi bdt bien cho ta ddnh gia phan ung 
dia chan ehinh xdc cac cdng uinh khung 
thap va trung tang, cdc phdn img cua eae 
dang dao ddng cao hon Id khdng dang kc. 
Dc khdc phyc ban che ndy, mpt phuong 
phap eai lien phuang phdp ITnh phi Uiydn, 
dupe gpi la phuong phap phan tich iTnh sir 
dyng lye ngang dya tren dang dao dpng cd 
xet den ddng gdp ciia cae dang dao dpng 
cao MPA (phucmg phdp phan tich day dan 
theo dang dao dpng), dupe dd xudt bdi 
Chopra va Goel [3, tri 118-1127], Bai viet 
so sanh dp ehinh xac va sai lech ciia chuyen 
vi mye lieu dupe dy dodn bdi phuang phap 
phan tich tinh su dung luc ngang dya tren 
dang dao dpng cd xet den ddng gdp ciia cdc 
dang dao ddng eao MPA vdi phuang phap 
day dan chudn (SPA) va phuong phdp phan 
tich phi tuyen theo mien thdi gian (NL-
RHA) tren kci cdu khung phang Be tdng 
cdt thep 6, 12. 20 tang cd xet den linh chdt 
phi myen v t̂ lieu va md hinh hda phi myen 
vdi lieu bang md hinh lien ket ddm - cpt co 
khdp thd. 

2. NQI DUNG 
2.1. Cdc phirong phap nghien cuu 

Phuang phdp phdn tich theo mic" thai 
gian (NL-RHA) 

Phuang phap phan tich phi tuyen theo 
mien thdi gian. xae djnh tren phuong trinh 
dpng lyc hpe phi tuyen: 

mii -I- cu + f̂  (u, signu) = -miUg(/) (1) 

Trong dd: u Id vector ciia chuyen vj; m 
vd c Id ma Iran khdi lupng va ma trdn can 
cua he; i la vector dnh hudng ma mdi phan 
lli bang mpt don vi. 

Phucmg phdp phdn tich finh su sung 
lire ngang co xet din dao dpng bgc cao 
(MPA)[A,\x.25S-21\],[S] 

Nam 2002, Chopra va Goel da de xuat 
phuang phap MPA (9 budc): 

1) Tinh cdc tdn sd ty nhien o}„, vd cdc 
dang dao dpng (mode shape) ^ , cua cac 
cdng trinh ddn hdi tuyen tinh. 

2) Ddi vdi dang dao dpng thii n, xdy 
dyng dudng cong pushover bieu dien moi 
quan he giira lyc eat day - chuydn vi mai 
(Kj„ -u^,) bdng phan lich linh phi tuydn ciia 
cdng trinh, diing lyc phdn phdi Sn*=mii)n. 

3) Ly tudng hda dudng cong pushover 
nhu mdt dudng cong song tuySn tinh (hinh la). 

4) Chuyen ddi dudng cong ly tudng 
pushover qua mdi quan he lyc - bidn dang 
F^„ IL„-D„ eiia he mdt bdc Ur do tuong duong 
cho dang dao ddng thir n khdng ddn hdi (hinh 

lb) bdi cdng thirc 5" (2) 

5) Tinh bik dang dinh D„-rmx|D„(OI 

ciia he mdt bdc ty do khdng ddn hdi tuong 

duong do lue kich thich n6n U (t) b^g 

each phuang trinh phi tuydn sau: 
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D,*2i,<»,D.*- ",(') (3) 

6) Tinh toan chuyjn vi dinh u^ da 

h? nhifu b?c tv do iing voi mode thii n he 

khong dan hdi tir cong thiic 

«™=rA-D„ (4) 
7) Rut ra kSt qua phan ling mong muon 

r , du lieu pushover khi chuyen vi mai 

bang chuyen vi w^^. 

8) Lap lai buoc 2 den buoc 7 cho nhieu 

dang cong trinh. 

9) Xac dinh phan ung tong, r,^^, bJng 

each ket hop phan iing ciia nhieu dang dao 

dong theo to hop SRSS: 

r - I t 7 (5) 

Vdi J la sd dang dao ddng tham gia 

Hinh 1. H? SDF khong dan hoi tii duang cong day dan: 
) Ly tucmg h6a dirong cong diy din; b) Quan he giua luc-chuyen vi cua he SDF 

2.2. Mo hinh phan tich 

Y)k danh gid dp chinh xae eua cac phuong 

phap tmh phi tuyen trong viec du doan phan 

img dia chan ciia cdng ninh. Md hmh tmh loan 

trong nghien eiru nay Id khung be tdng cdl thep 

cao 6, 12 va 20 tdng, day la md hinh thyc le 

dupe sir dung, nghien ciru bdi R. Marlino, E. 

Spaeone, vd G. Kingsley [6] (hinh 2, 3, 4) va 

sd heu tai trpng (bang 1). Dia diem xay dyng 

cdng tiinh tai Los Angeles, California, tren ddt 

n8n loai D, chiu dnh hudng dpng dat viing 4. 

He sd can ciia ket cdu la 5%. Cdng hinh dupe 

thilt kl dd chiu xdc suat xay ra ddng dat Id 

10% tiong 50 nam (LAlOinSO) (bang 2). 

Bang 1. Tai trpng iing voi tiet dien 

Can 

klfn 

Bl 

B2 

B3 

Cl 

C2, C2a 

C3, C3a 

C4, C4a 

Kich 

thiro-c 

450x660 

510x710 

560x810 

510x510 

610x610 

710x710 

812x812 

H(m) 

0 660 

0,711 

0.812 

0.508 

0.609 

0.711 

0.812 

W(m) 

0.457 

0-508 

0.558 

0.508 

0.609 

0.711 

0 812 

Mm) 

3.65 

3 65 

3.65 

4.267 

4.267 

4.267 

4.267 

TLBT 

(kN/m>) 

23 6 

23.6 

23.6 

23.6 

23.6 

23,6 

23 6 

P1(N) 

12,899 

15,568 

19,571 

25,798 

37,363 

50,707 

66,275 

P2(N) 

26,243 

31,136 

39,142 

25,798 

37,363 

50,707 

66,275 

P(N) 

26,243 

31,136 

39,142 

0,0 

0,0 

0.0 

0.0 
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Hinh 2. M^t bang chung cac khung 6, 12 va 20 t ^ g Hinh .V So do tinh lai trpng khung 6, 12 va 20 lang 

„ „ " • • 

1. . . . , ' ' " 

M HI '^"' 

,, ,«,,' '"^ 
IO . » ! , ' ' " 

™ i , ' ^ " ' 

. i-mi."^"' 

- . - . 1 , " " " 

» i m i , " " 

J ^ \ 

Hinh 4. Mai dung ciia 

2.3. Mo hinh lien ket dam - cgt cd khdp 

thd "type 15" trong drain-2dx [7], [8] 

"Type 15" Id mpt phdn ni khdng dan 

hdi cho md hinh hda ddm vd dam - cdt, nd 

cd the duoc sir dyng de md hinh thep, be 

tdng edt thep, hoac cae vat lieu composite. 

Cde phan tu cd mot hoac nhieu lya chpn vd 

ed die dupe sir dung trong nhieu each khac 

nhau. No cd the duoc sir dyng de md hinh 

hda mdt mat cat ngang ciia mpt dam va cot 

khung 6, 12 va20 ting 

don, mpt dam don vd phan ni cpt hoac ddm 

va cdt trong mdl cau tnic ldn ban. Trong 

do, md hinh vdt lieu Id dd tinh cho qua trinh 

deo cua thep, bao gdm sy tang bdn co hpc 

cho mil vd nen vd eiia be tdng vd cd the ke 

den sy suy gidm dp bdn sau khi bj nen vd 

va dp Cling keo ciia be tdng. Sy lien kdt phi 

tuyen deo cd thd dupe xem xet d 2 ddu 

phdn tir, de md binh hda Hen kit thep nira 

Cling hay anh hudng do Irupl giira thep va 
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be long tai vi tri khdp ndi. Bien dang cdt cd 
the duac xem xet den nhung cdc iing xu do 
cdt dupe gia dinh la dan hdi. 

Hinh 5. Phan tii dam-cpt cho "Type i 5" 
cuaDrain-2dx[7j 

Hinh 5 cho thdy md hinh phan tOr, phdn 
tir bien dang dupe chia thanh mdt sd phdn 
doan. LTng xir dupe theo doi tai mat edt 
trpng tam tai mdi phan doan. Cac thude 
tinh mat cat ngang duac gid dinh khdng ddi 
trong rimg phan doan, cd the khdc nhau ni 

Bang 2. Du lieu tr̂ n dpng dat 

phan doan nay den phan doan kia. Mdi mat 
eat ngang dupe xem Id dan bdi hoac dupe 
chia thanh cac "fibers" (thd). Cac "fibers" 
cd the cd mdi quan he img suat bien dang 
dpc phi tuyen cho timg loai vdt Heu. 
2.4. Dir lieu dja chan 

Tdi trpng ddng dat dimg de phan lieh 
Idy tir sd lieu ghi nhan cdc trdn ddng ddt 
xay ra trong lich su. Bd dao ddng LAlO/50 
tuong ling vdi xae sudt xay ra 10% trong 
50 nam, (chu ky trong 475 nam), bp dao 
ddng duoc thuc hien bdi dy dn SAC dja 
diem lai Los Angeles. Trong bdi viet ndy 
chpn 10 tran dpng ddt bp LAlO/50 de phan 
tich. Bdng 2 eung cap cdc thdng tin ghi 
nhdn ve dia diem, dp Idn ddng ddt, khoang 
each, gia tde dinh (PGA) ciia 10 Iran dpng 
ddt ghi nhan. 

tan sua! xay ra 10% trong 50 nam 

Tran 

LAOl 

LA02 

LA03 

LA04 

LAOS 

LA06 

LA07 

LAOS 

LA09 

LAIO 

Dja diem ghi nhan 

1940, Impcnal Valley, EL Centro 

1979, Imperial Valley, Array #05 

1992. Landers, Barstow 

1992, Landers, Yernio 

1989, LomaPrieta, Gilroy 

1994, Northndge, Newhall 

1994, Northndge, Rinaldi RS 

1994, Northndge, Sylmar 

1994, Northndge, Sylmar 

1986, North Palm Springs 

£l^\(m 

6.9 

6.5 

7 3 

7,3 

7,0 

6,7 

6,7 

6-7 

6.7 

6.0 

Khoang each (km) 

10 

4.1 

36 

25 

12 

6,7 

7,5 

6,4 

6,4 

6,7 

PGA (cm/s2) 

452,0 

386,0 

413.0 

509.7 

950,9 

644.5 

523.3 

558.4 

801 4 

967.6 

2.5. Ket qua nghien cihi 
Mdt sd quy udc chung ve dp trdi tang 

ciia 3 phuang phap trong viec xac dinh 
phan img dja chan cho cdc tda nha chiu 
dpng ddt nhu sau: A^_^ ,^ A^ , va A.„^, 

Tir ket qud phan iing ddi vdi mdi Iran 
dia chan, ty sd phan iing dupe dinh nghia; 

Gia tri trung binh ciia cac phan img 

nhan dupe tir ^̂ ^̂  ^̂ ^̂ ^ ^.r.^u, ^'^A ^^ ŵp. 

dupe xac djnh theo cdng thirc: 

(6) 
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DM^Udiv 

4sa \M l u 

Hinh 6. Chu ky dao dpng 

Bdng 3 vd 4 the hien ehi tiet ket qud 
ciia chu ky dao dpng vd khdi lupng tham 
gia cua timg dang dao ddng cua khung 6. 
12, 20 tang. 

Bing 3. Chu ky dao dpng Tn(s) ty nhien ciia h? khung 

Khung 

6 tang 

12 tang 

20 tang 

Model 

1.5310 

2.4839 

3.1241 

Mode 2 

0.4950 

0.8830 

1.0140 

Mode 3 

0.2826 

0.5096 

0.7526 

Bang 4 

Khung 

6 lang 

12 tang 

20 tang 

Thanh p h ^ khdi luiTng tham gia eho timg mode (%) 

M o d e l 

82 99 

77.61 

79.13 

Mode 2 

9.99 

11 47 

7.60 

Mode 3 

3 83 

3.92 

3,77 

Tong e9ng 

96,81 

93.0 

90,5 

Phdn irng chuyen vi dinh: 

tTng vdi tirng dang dao dpng cd cdc 
chuyen vi dinh luang img vdi limg dang dao 
ddng ciia cac he khung (hinh 7). Tiiy theo dp 
m6m eiia he khung se cho eae dudng eong 
day ddn cd he sd gdc d giai doan ddn hdi 
khdc nhau. Khi dp ldn cae Iran ddng ddt khac 
nhau, d mdi he khung cd cac chuyen \i dinh 
khdng gidng nhau. Vdi he khung cdng cao, 
gid ui ehuydn vi dinh cang Idn vd lye day ddn 
cang nhd. Ddy chinh Id ket qud chuyen vi 
dinh mye lieu ciia phuang phdp SPA. 

Dp sai lich chuyin vi dinh (chuyen vf 
muc tieu) giira cdc phucmg phdp; 

Dp sai lenh ehuyen vi dinh giiia 
phuang phap SPA vd MPA so vdi phuong 
phap NL-RHA ciing la each danh gia su 
chinh xae eiia cae phuang phdp. Chpn 
phuong phap phdn tich theo mî n thdi gian 
lam chuan eho sy ddnh gid dp chinh xdc 
cua eac phuong phap SPA va MPA. Su sai 
lech eiia hai phuong phap SPA va MPA ve 
chuyen vi dinh (bang 5). 
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Hinh 7. Duong cong diy dan 6 ba dang dao dpng dau tien img voi cac khung 6, 12 va 20 
chiu cac tran dpng dat d Los Angeles 

Bing 5. Gia trj dp sai l?ch chuyen v\ dinh mai (%) giira phucmg phap SPA va MPA 
so vai phuang phap NL-RHA 

Trin 

d$ng dat 

LAOl 

LA 02 

LA 03 

LA.04 

LA.05 

LA,06 

LA,07 

LA,08 

LA.09 

LAIO 

SPA 

6 tang 

7.57 

7.65 

5.98 

7,00 

11.36 

11.21 

8.56 

2.70 

0.99 

6.24 

12t^ng 

6.31 

7,82 

13-23 

1,08 

5.44 

14.16 

12.34 

6.82 

12 39 

1.90 

20 t^ng 

8,9 

3,9 

2 1 

9 3 

11,3 

14.1 

14.7 

10.2 

8.8 

9.8 

MPA 

6 tang 

7.08 

7.54 

5,40 

6.52 

9.88 

9.60 

7.56 

2.51 

0.53 

5.72 

12 tang 

5.7 

7.5 

12,8 

0,2 

4,3 

11,0 

9.4 

6.4 

10.8 

5.4 

20 tang 

3.6 

2.2 

1.1 

8.1 

8.6 

6.6 

6.0 

0,8 

2 2 

4,7 

Doi vcri he khung 6 tjng phfci tram sai 
l?ch cLia chuyen vi mai giiia phuang phap 
SPA, MPA so voi phuong phap NL-RHA 
khong chenh lech nhiSu co sai s6 duoi 

12%. Tuy nhien, khi so tang cang cao, c6 
su khac biet cang Ion va phucmg phap 
MPA cho sai so it hon phuong phap SPA. 
DS danh gia chinh xac hon giua ba phuong 
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phdp cho 10 trdn ddng dat la cd phan tich 
tren hinh 8. Ddi vdi he khung 6, 12 \ a 20 
tang cd sy ddng gdp ciia 3 dang dao ddng 
tham gia khi dupe xem xet de udc tinh 
phdn ling dia chan. 

Ket qua ehuyen vi tdng chia chieu cao 
nhd (%) tir 3 phuong phap eho thdy, sy 
ddng gdp ciia cae dang dao ddng eao cua 
phuong phdp MPA giiip giam sai lech ket 
qua hon so vdi phucmg phap SP.A, nx)ng 
vi?c so sanh vdi ket qua chinh xac tir 
phuang phdp NL-RHA. Ddi vdi khung 6 
tdng, hai phuong phdp SPA vd MPA cho 
ket qua ehuyen \ i lang tuong duong, \ i \ay 

ed thd su dyng phuang phap SPA. khdng 
ein dp dyng phuang phdp MPA Rieng d 
h? khung 12 \a 20 tang, cd sy sai l?ch Idn 
nhdt giira kdt qua ni phuong phap MPA va 
SPA khi ed su tach biet ro rang. Kdt qud 
ehuydn vj tdng eiia phuong phdp MPA cd 
dp sai l?eh \di ciia phuong phap NL-RHA 
nhd hon ciia SP.A. 

Khi sd tdng cdng cao, sai sd ehuyen vj 
tdng ciia phuong phdp SPA cang ldn so vdi 
eua phucmg phap NL-RHA. Do dd, khi 
phucmg phap MPA co xet den cac d?ng dao 
dpng bac cao, ehuyen vi tdng ciia khung 
eao tdng sc ed sai sd it hon. 

Hinh 8. Chuyin vj cdc h? khung bang phuang phap NL-RHA, SPA va MPA 

chiu cac tran dpng dat tieu bieu xac suat 10% Irong 50 nim 
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Khunc6^-10inSO 

OKiySnvjfin) 

Khur«U^-lA10in50 Khiai|ZOtar«-lA10in50 

Chtiyfevjlm) 

Hinh 9. Chuyen v| trung binh cac h? khung bang phuang phap NL-RHA, SPA va MPA 

chiu 10 trpn dpng dat xac suat 10% trong 50 nam 

3. KET LUAN 

Vipe du dodn ciing nhu gidm thiet hai 

cho cdc kdt cdu nha ciing gdp phan khdng 

nhd dam bdo an todn cho cupc sdng chung la. 

Ket luan dudi day ddnh gid tinh chinh xac 

ciia phuong phdp MPA frong ddnh gid nhu 

cdu dia chan ciia hp khung 6, 12 vd 20 tang 

chju 10 trdn dpng ddt cd xdc xudt 10% trong 

50 nam. Ket luan ndy dya tren ket qud so 

sanh giira 3 ket qud SPA, MPA vd nghiem 

ehinh xac tu phuang phdp NL-RHA. 

Khdi lupng tap hung chii yeu d dang dao 

dpng dau tien nen khi xet chuyen vj, ung vdi 

d^ng dao ddng ddu se cho ket qud Idn hon eac 

dang dao dpng cdn lai. Cting vi Iy do nay, 

phuong p h ^ SPA ehi xet su tham gia eiia dang 

dao dpng ddu tien. Tdng khdi lupng tham gia 

vdo 3 dang dao ddng gidm ddn khi cdng trinh 

cang cao chung td khung cang cao, ddng gdp 

cua cac dao dpng bac cao cdng nhieu; 

Ddi vdi he khung 6 tdng, phdn tram sai 

lech cua chuyen vi mai giiia phuong phap 

SPA, MPA so vdi phuang phap NL-RHA 

khdng chenh lech nhieu, cd sai sd dudi 12%. 

Do dd, ehi cdn diing phuong phdp SPA Id dii 

tin cay. Tuy nhien, khi sd tdng edng cao, cd 

sir khdc biet eang ldn vd phuong phdp MPA 

cho sai sd it ban phuong phap SPA. Cdc 

khung 12 vd 20 tdng, phuong phdp MPA 

eho ket qud tdt hon phuong phdp SPA vdi 

sai sd da phan nhd hon 10%; 

Chuyen vi lang chia chieu cao nhd (%) tir 

hai phuang phdp cho thdy sy ddng gdp eiia cde 

dang dao ddng cao ciia phuong phap MPA 

giiip ldm giam sy sai lech ket qua hon so vdi 

phuong phdp SPA trong viec so sdnh vdi ket 

qua chinh xdc tir phucmg phdp NL-RHA. Ddi 

vdi khung 6 tang, ca hai phuang phap SPA va 

MPA cho ket qud chuyen vi tang la gdn nhu 

nhau, vi vay ed the chi sii dung phuong phap 

SPA md khdng can dp dung phuong phdp 

MPA. Rieng d he khung 12 vd 20 tdng, cd sy 

sai lech ldn nhat giiia ket qud tir phucmg phdp 

MPA va SPA khi cd sy tdch biet ro rang. 
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