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ABSTRACT

Nonlinear static procedures (NSPs) are now standard in engineering
practice to estimate seismic demands in the design and evaluation of
buildings. The aim of this research is to improve the knowledge base on the
accuracy of NSPs in estimating seismic behaviour of typical steel moment
resisting frame structures (SMRF), considering the area of different
seismicity and sets of ground motions of various intensities and frequency
characteristics. The emphasis is on behavior assessment and quantification
of global and local force and deformation demands for different hazard
levels. Results of displacement, inelastic story drift response of a 9-storey
steel building are determined by the Modal Pushover Analysis (MPA)
procedure is compared with Standard Pushover Analysis (SPA) and
Nonlinear Response History Analysis (NL-RHA) procedures. Thus, the
modal pushover analysis procedure is accurate enough for practical
application in SMRF buildings evaluation and design.

TOM TAT

Cdc phwong phap tinh phi tuyén (NSPs) la tiéu chudn trong thuc hanh ky
thudt hién nay dé wéce tinh phan vmg dia chan trong yéu cau vé thiét ké va
ddanh gid cdc toa nha. Muc tiéu cia nghién cieu la cdi thién co s¢ kién thirc
vé do chinh xdc ciia cdc phwong phdp tinh trong viéc dw dodn img xir dong
ddt cho cdc két cdu khung thép chiu moment (SMRF), xem xét o cdc khu
vie dia chdn khéc nhau va cdc bé dao déng nén c6 dic tinh vé cuong d va
tan SO khac nhau. Chii trong vao danh gia phan vmg va dinh luong noi lc,
luc tong thé va cdc Yéu cau vé bién dang ¢ cap rui ro khac nhau. Két qua
chuyén vi, dj tréi tang khéng dan hoi cua toa nha thép 9 tang dwoc xdc
dinh béi phwong phdp phdn tich ¢6 xét dén dong gop cua cdc dang dao
dong cao (MPA) duoc so sanh voi phuong phap ddy dan chudn (SPA) va
phuwong phdp phan tich phi tuyén theo mién thoi gian (NL-RHA). Thiec vay,
phiwong phdp MPA ¢6 dii chinh xdc dé vmg dung thue hanh vao thiét ké va
ddanh gia dia chan cho két cdu cdc toa nha SMRF.

1 GIOI THIEU

Khung thép chiu moment (SMRF) 1a két Cé.l}
chiu tai ngang do dia chan duogc st dung phd

bién trong thiét ké nha cao ting. Khi c6 dong
dat xay ra thi loai két cau nay c6 cac phan tir cot
va dam cung chiu moment, day la diém khac
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biét v&i cac loai két cAu thép chiu dia chin khéc
nhu két cau khung giang (Bracing frame).

Trong qua khir ¢c6 hon 150 két cau khung
thép chiu moment bi thiét hai do dong dat
Northridge nam 1994, chi yéu duéi hinh thirc
ctia pha hoai gion ché mbi han lién két giira
dam va cot. Két cau thép bi hu hong va sup do
trong tran dong dit Kobe 1995 tiép tuc nhan
manh mirc d0 quan trong trong viéc du doan
phan ung cia khung thép phing SMRF chiu
dia chén.

Céac phuong phép tinh phi tuyén duoc mo ta
trong FEMA-356 (ASCE, 2000) [1] va trong
ATC-40 (ATC, 1996) [2] vé danh gia dia chan
cua cong trinh dugc tinh toan theo qui luat cua
cac két cau chiu tac dung tr mt hé¢ luc ngang
tuong duong tang dan cho dén khi chuyén vi
dinh dat dén gia tri chuyén vi muc tiéu da xéac
dinh trudc. Chuyen vi muc ti€u trong FEMA-
356 duoc xac dinh dua vao cac hé sd. Trong khi
d6 chuyén vi muc tiéu trong phuong phap
ATC-40 tim duoc dwa vao giao diém cua duong
cong kha nang (Capacity curve) va phé thiét
ké (Acceleration spectrum). Tuy nhién, cdc
phuong phap nay dya trén cac mau tai bat
bién nén viéc danh gia phan ing dia chin chi
chinh xac cho cac toa nha thip va trung tang
(Krawinkler va Seneviratna [3], Gupta va
Kunnath [4], Chopra va Chintanapakdee [5]).
bé khac phuc han ché nay, mot phuong phap
cai tién tir phwong phap tinh phi tuyen duoc goi
1a phwong phap MPA dugc dé xuit bai Chopra
va Goel (2002) [6]. Phuong phap MPA da duogc
chung minh 1a c¢6 d¢ chinh xac cao hon trong
viéc danh gia dia chan khong nhimg cho céc

cong trinh thdp ting ma cho ca cac toa nha cao
tang so v&i phuong phap tinh phi tuyén thong
thudong. Gan day da co nhiéu tic gia trong va
ngoai nudc van dung phuong phap MPA vao
nghién ctru cua ho va cho két qua dang tin cay
[7,8]. Bai bao nay da ung dung phuong phap
MPA vao danh gia phan tGng dia chan cho két
cdu khung 9 ting SMRF tai ba vi tri 12 Los
Angeles, Seattle va Boston v6i cac dao dong
nén khac nhau. Két qua phén tich duoc so sanh
v6i phuong phap day dan chuin va phuong
phap phan tich phi tuyén theo mién thoi gian.
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2 CAC PHUONG PHAP NGHIEN CcUU

2.1 Phuong phép phén tich theo mién thoi
gian (NL-RHA)

Phuong phap phan tich phi tuyén theo mién
thoi gian duoc xac dinh dya trén phuong trinh
dong luc hoc phi tuyén:

mii + cu + £ (u, signi) = —mui, () (1)

Trong d6: u 13 vector ctia chuyén vi; m va ¢
la ma tran khdi lugng va ma tran cdn cia h¢; 1
1a vector anh huéng ma mdi phan tir bang mot
don vi.

2.2 Phwong phap SPA

bay la phuong phap phan tich tinh phi tuyén
day dan chuan chi danh gia vai tro déng gop
cia dang dao dong dau tién [1], [9]. Noi cach
khic phuong phip SPA khong co ké dén
dong gop cua cac dang dao dong cao hon. Do
do, ¢ phuong phap SPA khong can sir dung
thuat toan t6 hop dé thu dugc gia tri dap ung
can thiét.

2.3 Phwong phap MPA

Niam 2002 Chopra va Goel di dé& xuat
phuong phap MPA theo 9 budc:

(1). Tinh cac tan s6 ty nhién @, , va cac
dang dao dong (mode shape)¢,, cua cac cong
trinh dan hoi tuyén tinh.

(2). Pbi vé6i dang dao dong thir n, xay
dung duong cong pushover bicu dién moi quan
hé gitra Iyc cat day- chuyén vi mai (Vbn —Uu,,
bang phén tich tinh phi tuyén ciia cong trinh,
ding Iyc phan phéi s, =md,.

(3). Ly tuong hoéa dudng cong pushover
nhu mot dudong cong song tuyén tinh (Hinh 1a).

(4). Chuyén ’déi dudong cong ly tuong
pushover qua moi quan hé lyc - bién dang

/L, —D, cia hé mot bac ty do twong
duong cho dang dao dong thtr n khong dan hdi
(Hinh 1b) béi cong thic:

Fu Vo gy _

L M’

n n

r n ¢I"}’l (2)
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(5). Tinh bién dang dinh
D, =max|D, (t)| cia hé mot bac ty do
khong dan hoi twong duong do lyc kich
thich nén iig (f) bing cach phuong trinh phi

tuyén sau:

. . F .
D,+2¢,0,D, + f =—ii, (7)

n

)

(6). Tinh toan chuyén vi dinh Y,,,, ciia hé
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(7). Rut ra két qua phan ing mong mudn,
r”", dir liéu pushover khi chuyén vi méi bang
chuyén vi Hino .

(8). Lap lai budc 2 dén budc 7 cho nhidu
dang cong trinh.

(9). Xac dinh phan ung tong,7p,, bang

cach lgét hop phéan mg ctia nhidu dang dao dong
theo t6 hgp SRSS:

mdt bac tu do g v6i mode thir n hé khong dan Tmpa = (5)
hdi tir cong thirc Uo = Fn¢mDn 4)
Véi j 1a s6 dang dao dong tham gia
. R . s, v Idealized ¥irios
Hinh 1: Hé SQF khong dan hoi tir bn K Vion! My =
dudng cong diy dan: (a) Ly tuéng “Actual 5
héa dwdng cong day dan; (b) = 1 :g 4
Quan hé giira lyc-chuyén vi caa hé i (o
SDF
Uem D,
(a) uh (b) DY=ul /Ty 0m
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Hinh 2: Mt ding khung 9 ting Los Angeles
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3 MO HINH PHAN TICH

DPé danh gia d6 chinh xac cua cac phuong
phap tinh phi tuyén trong viéc du doan phan
mg dia chén cta cong trinh. Bai bao nay phan
tich ung xir phi tuyén cia khung thép phang
(SMRF) 9 tang chiu dong dit & ba thanh phd:
Los Angeles, Seattle va Boston. Pay la mo6
hinh thyc t& dugc Akshay Gupta va Helmut
Krawinkler [10] nghién ctru vao nam 1999.
Viéc danh gia hiéu sudt ctia hé théng két cau
SMREF la mot trong nhitng muc ti€u quan trong
trong dy 4n nghién ctru SAC. Phi tuyén hinh
hoc va phi tuyén vat liéu da duoc xét dén trong
nghién clru nay.

Bing 1: Tiét dién khung 9 ting Los Angeles

Phéan A: Khoa hoc Tir nhién, Cong nghé va Méi trwong: 25 (2013): 27-35

tang tai Los Angeles.
4 DU LIEU PIA CHAN

Céc bo dao dong nén nay trinh bay & cic cap
dd rui ro khac nhau cho ba vi tri dia 1y Los
Angeles, Seattle va Boston. Bd bao gdm céc
chuyén dong nén duogc ghi lai va mé phong theo
chu ky 14 475 nim (10% xéc suit xay ra trong
50 nam, goi tat 1a bo 10/50), va 2475 nam (2%
X4c suét xay ra trong 50 ndm; goi la cac bo
2/50). Cac bo dao dong nay da dugc chon lya,
tinh toan trong du an nghién ciru SAC va dugc
thé hién qua Bang 2 va Bang 3.

Bang 2: Dir liéu cac tran dong dét tAn suét xay ra
12 2% trong 50 nam

Thong tin ghi Cwong Khoing PGA

Dim_ Cat Ten  ihn d§ cich (km) (cmis?)
STT Tiet Dién STT Tiet Dién LA27 1994 Northridge 6.7 6.4 9087
(1) W36x160 (a) WI14x500 LA 32 Elysian Park
(2) W36x135 (b) W14x455 (simulated) 7.1 17.5 1163.5
(3) W30x99 (c)  WI4x370 BO21 Simulation, foot
(4) W27x84 (d) W14x283 wall 6.5 30 309.99
(5) W24x68 (e) WI14x257 :
: : BO27 Rabanni, 1985 6 9.6 246.99
Hinh 2 thé hién chi tiét kich thuéc va cach .
danh s phén tor thanh cho khung thép phéng 9 SE21 1992 Mendocino 71 8.5 741.13
Bang 3: Dir liéu cac trin dong dat tin suit xay ra 12 10% trong 50 nim
Tén Thong tin ghi nhin Cuong d0  Khodng cach (km) PGA (cm/s’)
LAO1 Imperial Valley, 1940, EL Centro 6.9 10 452.03
LAO09 Landers, 1992, Yermo 7.3 25 509.7
BO02 Simulation, hanging wall 6.5 30 72.93
BO14 Saguenay, 1988 5.9 96 284.44
SE02 Long Beach, Vernon CMD Bldg 6.5 1.2 132.7
SE11 Puget Sound, Wa, Olympia, 1994 7.1 80 737.82

5 KET QUA NGHIEN CUU

Mot s6 qui woc chung vé do troi tang ctia ba
phuong phap NL-RHA, SPA va MPAtrong viéc
xac dinh phan ung dia chan cho cac toa nha

chiu dong dat: Any_gprs Aspgva Aypy

Tir két qua phan tmg dbi voi mdi tran dia
chan, ty so phan ung duogc dinh nghia:
*
Asps = Dspa ! Ayp_przava
%

AMPA = AMPA / ANL-riA
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Gia tri trung binh clia cic phan ung nhén
%
duoc tr Agpy, Aypys Anppa> Agpy VA

* . A r A r .
A,p4 dugc xac dinh theo cong thire bén dudi:

n
" Z Inx,
i=1

X =exp
n

(6)

Bing 4 trinh bay két qua chu ky dao dong
cua 3 mode dau ti€n cho cong trinh 9 tang &
Boston, Seattle va Los Angeles.
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Béing 4: Chu ky dao dfng ty nhién cia h¢ khung

9 tang
Chu ky Tn (s)
Mode Boston Seattle Los Angeles
1 2.286 2.126 1.685
2 0.851 0.774 0.636
3 0.514 0.421 0.37

5.1 Phan @ng chuyén vi dinh
Hinh 3 thé hién chuyén vi dinh cta téa nha 9

Phan A: Khoa hoc Ty nhién, Cong nghé va Méi trieong: 25 (2013): 27-35

tang SMRF ¢ Boston lam viéc trong mién dan
hoi cho tat ca cac dao dong nén. Cac chuyén vi
nay déu nim duéi ving chuyén vi chay déo. O
Seattle va Los Angeles da phan cac chuyén vi
deu nam ngoai gioi han dan h01 va di sau vao
mién phi tuyén. Tuy theo d6 mém cua hé khung
s& cho cac duong cong diy dan co hé sb goc &
giai doan dan hdi khac nhau, va dudng cong
trong giai doan khong dan hdi ciing khac nhau.

Boston Seattle Los Angeles
&000 5000
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5000 10000 1 xo—]
4000 ,_\8000 1
'~ z
z
¢ o
%3000 26000 -
ol - b'
= Pushover
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Chuyenvi(m) Chuyenvi(m) Chuyén vi (m)

Hinh 3: Chuyén vi dinh ciia khung 9 ting chiu cAc tran dong dit & Boston, Seattle va Los Angeles

5.2 Chuyén vi ting

Két qua chuyén vi ting (Hinh 4a va Hinh
4b) duogc du doan tir ba phuong phap SPA,
MPA va NL-RHA cho thiy su déng gop cua
cac dang dao dong cao cua phuong phap MPA

1a dang ké va cho két qua tot hon phuong phap
SPA khi cung so sanh véi két qua tir phuong
phap NL RHA. Riéng khung 9 ting & Los
Angeles co su sai 1€ch 16n cua hai phuong phap
SPA va MPA so vo6i phuong phap chinh xac
NL_RHA.

Boston Seattle Los Angele
L] F L ] I?- Q =
s }- s 7 s ﬂ,!
- *’_ . = {
."ll '; T
6 - 6 S 6 4
o ':lr h:‘ 5 L g ‘llr /
E 5 '- i‘-'- . r'l., '[:..‘ -
1 - 1 ” 1 -

f

3 f 3 -

—=a— NL_RHA
1 —a— SPA

_ MPA
0O =

L] 0.15
CVIC.Caonha(%o)

Hinh 4a: Chuyén vi trung binh ciia h¢ khung 9 ting bang phwong phap NL_RHA, SPA va MPA chiu cac

1) —+— SPA

/ MPA
0 =
0 0.5 1 1.5

C.VIC.Caonha(%0)

—a—NL_RHA 2

—a— NL_RHA

—a— SPA

MPA

0 0.5 1 1.5

CNVIC.Caonha(%o)

tran dong dat xac suit 10% trong 50 nim
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Boston Seattle Los Angele
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Hinh 4b: Chuyén vi trung binh ciia hé khung 9 ting l}i'mg phwong phap NL_RHA, SPA va MPA chju cac
tran dong dat xac suat 2% trong 50 nam

5.3 D troi tang

Pé danh gia mot cach day da vé phan tng
dia chin dbi v6i két cau khung SMRF thi két
qua vé gia tri do troi tang cho thiy rd didu do.
Do troi téng dugc xac dinh tir ti s6 chénh léch
ctia chuyén vi chia cho chiéu cao tang.

U — Y,

Agpr = (7)
SDF
h
Trong d6:U,,;, U,: lan luot 1a chuyén vi
tang thir n+1 va n; h: chidu cao tang

Trong Hinh 5a va Hinh 5b, truc tung trinh
bay gié tri troi tang (%) cuia phuong phap SPA
hodc MPA, con tryuc hoanh chinh 1a gia tri tr6i
tang (%) cua phuong phap NL_RHA. Két qua
cho thay cac khung & Boston va Seattle c6 cac
diém xa duong chéo nam chi yéu & can dudi
(co hé sb ty 1€ nho hon 1), & Los Angeles cac
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diém nam roi rac ca can trén 1an can dudi. Dac
biét khung 9 ting & Seattle v6i dao dong nén
xéc sudt 2% trong 50 nam két qua khong hoi tu
t6t trén dudng chéo. Két qua cua phuong phap
MPA chinh xac hon phuong phap SPA khi céac
diém danh gia cho phuong phap MPA nim tiém
can duong chéo hon. Mdt cach so sanh khac tur
két qua d¢ troi ting cua cac hé khung 1a xét ty
4 * I3
s0: Agpp = Agpp | Ay _gpa- K€t qua duoc
thé hién qua Hinh 6a va Hinh 6b gitp nhan dinh
15 hon vé két qua do troi ting ciia phuong phap
MPA va SPA. Khi d6 dudong cong cua phuong
phap MPA tiém can trén dudng thang cé truc
hoanh bang mot hon phwong phap SPA, vi vay
phuong phap MPA cho danh gia tot hon
phuong phéap SPA. Cac hé khung 9 ting cua
hai phuong phap SPA va MPA c6 su sai 1éch
16n & cac tang trén dinh so v&i phwong phap
NL _RHA.
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Hinh 5a: Pj tréi ting xac dinh béi phuong phap SPA, MPA so véi nghiém chinh xac tir phwong phap
NL_RHA cua hé khung 9 tang chiu dong dat véi xac suat 10% trong 50 nim
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Hinh 5b: D§ trdi tang xac dinh boi phwong phap SPA, MPA so véi nghiém chinh xic tir phwong phap
NL_RHA ciia h¢ khung 9 ting chiu dong dit véi xac suit 2% trong 50 nim
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Hinh 6a: Hé s6 d9 trdi ting trung binh ciia hé khung 9 ting chiu cac trin dong dit xac suit 10% trong 50

nim bing phwong phapNL_RHA, SPA va MPA
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Boston Seattle Los Angele
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Hinh 6b: H¢ s d trdi tAng trung binh ciia h¢ khung 9 tang chiu cic trin dong dit xac suit 2% trong 50
nam bang phwong phapNL_RHA, SPA va MPA

6 KET LUAN

Thong qua két qua vé chuyén vi va do troi
tang cua két ciu khung 9 ting SMRF chiu céc
dao d6ng nén khac nhau ¢ ba dia diém Los
Angeles, Seattle va Boston da dua dén mot vai
nhan xét:

Trong viéc du doan phan mg dia chan cho
két cau khung SMRF thi phuong phap MPA
cho két qua tot hon phuong phap SPA va tiém
can két qua v6i phuong phap NL-RHA hon. Vi
vay khi tinh toan cho nha cao tang phai xét dén
su tham gia cta cac dang dao dong cao.

Két cau khung SMRF tai Boston cho két qua
nam trong mién dan hdi nén sai s6 thip cho ca
ba phuong phap SPA, MPA va NL-RHA, trung
binh & cic khung khodng 6.13%. Céc khung
cho sai s6 16n khi di sau vao mién phi tuyén, sai
sO trung binh cua cic khung & Seattle va Los
Angeles cta hai phuong phap lan luot 1a 8.05%
va 7.56%.

Cac dao dong nén tan suét xay ra 2% trong
50 nam cho ket qua 16n va sai s6 cao vé chuyen
vi lan do troi tang so v6i cac dao dong nén tan
suat xdy ra 1a 10% trong 50 ndm. Vi vdy, khi
thiét ké két cau phai cht y dén mién phi tuyén
cling nhu muc do rui ro cho cong trinh.
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