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Tém tit. Két chu khung SMREF (Steel Moment Resisting Frame) 1a mgt trong cac két cAu thép dugce thiét ké aé chiu dja chin. Bén
canh dé, cac phwong phap tinh phi tuyén (Nonlinear Static Procedures -NSPs) dang dwoc biét dén nhw 1a tiéu chuén trong thuc
hanh k§ thuat dé wéc tinh phan Gng dia chin ciia cong trinh. Nghién ctru nay nhim muc dich danh gia xu huwéng va d chinh xac
cia phuwong phap tinh phi tuvén MPA (Modal Pushover Analv51s) trong viéc du doan ung xir dia chin cho cac két cAu khung
SMREF, trong su so sanh véi phuwong phap dong phi tuyen theo mién thoi gian (NL_RHA). Cac céng trinh SMRFs 3-,9- va 20 ting
dugc phén tich dudi sy tic dong ciia cdc b dao dong nén lya chon & cac khu vue dia ly Khac nhau véi cac dic tmh vé cuwong do va
xéac suat xay ra khac nhau. Két qua cho thiy phwong phap tinh MPA c6 thé tinh toan kha chinh xic cdc phan wng dia chin nhw
chyyép vi va do trdi ting trong khi phwong phap chuin SPA (Standard Pushover Analysis) thi hop Iy dé ap dung cho céng trinh
thap tang.

Tir khod: Khung thép chiu moment; Phdn tich tinh phi tuyén; Phdn tich phi tuyén theo mién thoi gian; Phan tich phi tuyén ddy dan chudn

Abstract. Steel Moment Resisting Frame (SMRF) is considered as lateral load resisting system. Beside that, nonlinear static
procedures (NSPs) are now widely used in engineering practice to predict seismic demands in building structures. This paper aims
to investigate comparatively the bias and accuracy of Modal Pushover Analysis (MPA) and standard pushover analysis (SPA)
procedures when they are applied to Steel Moment Resisting Frames. Three-, 9-, and 20-storey SMRFs were analyzed due to
selected strong ground motions. The assessment is based on comparing seismic displacement demands such as target roof
displacements, peak floor/roof displacements and inter-storey drifts. The MPA estimates are compared to results from nonlinear
response history analysis (NL-RHA). The response statistics presented show that the MPA procedure cans accurately estimate
critical demand parameters such as roof displacement and interstory drift while the SPA can reasonably use in low buildings.

Keywords: Steel moment resisting frame; Nonlinear static pushover analysis; MPA, SPA, NL-RHA

phap NLRHA van 1a mot phuong phéap khé ap dung trong
thuc té.

bé khic phuc nhugc diém trén, nhiéu nha nghién cuu trén
thé gigi dang cb ging dé phat trién nhiéu phuong phéap phén
tich hop ly hon ma ¢ thé dat dwoc sy cin bing thoa dang
gitra yéu cau v& d6 tin cdy va tinh ng dung cho viéc st dung
thiét ké hang ngay. Do dé, cac phuong phép tinh phi tuyén
(NSPs) duoc bt ngudn tir 1y thuyét dong luc hoc di dwoc
phat trién nhur 14 mét sy lya chon thay thé cho phwong phap
chinh x4c NL-RHA. Céc phuong phép tinh phi tuyén dwoc
trinh bay trong tiéu chuan FEMA-356 (ASCE, 2000) va
ATC-40 (ATC, 1996) d& xuit cach wéc doan phan ung dia
chén cua cong trinh theo qui luét cua cac két ciu chiu tic
dung tir mot hé lyc ngang twong duong tang dan cho dén khi
chuyén vi dinh dat dén mot gi4 tri chuyén vi myc tiéu da xac
dinh trude. Chuyén vi muc tiéu trong FEMA-356 duoc xéac
dinh dua vao céac hé sb, con goi la phuong phap hé sb chuyén
vi CDM (Coefficient Displacement Method). Trong khi do
chuyén vi myc tiéu dwoc dé xuit boi phwong phap ATC-40

1. GIOI THIEU

Trén thé gidi c6 nhidu cong trinh trung va cao tang duoc
thiét ké sir dung két ciu khung thép chiu moment (SMRF).
Pay la dang két cdu co kha ning chiu tai trong ngang do lién
két nut khung 13 ctng. Khi c6 tai trong ngang tic dung thi
c4c phén tir cot va dim cung chiu lyc, ddy ciing 14 mot diém
khéc biét v6i cac loai két ciu thép chiu dia chin khac nhu két
c4u khung gidng (Bracing frame). Trong qua khir da c6 hon
150 két cau khung thép chiu moment bj thiét hai do dong dét
Northridge gdy ra ndm 1994, cht yéu duéi hinh thirc cua phé
hoai gion noi mbi han lién két gita ddm va cot. Nhiéu két
cAu thép bi hur hong va sup d6 trong tran dong dat Kobe 1995
tiép tuc nhin manh mic do quan trong trong viéc dy doan
phan mg cua khung thep phéng SMRF chju dia chin. Diéu
nay thuc ddy yéu cau can phan tich, danh gia chinh xac phan
ung chiu dia chin cua céc két cdu SMRF.

Phuong phép phan tich phi tuyén theo mién thoi gian (NL-
RHA) la mdt cong cu manh trong nghién ctiru phan tng dia

chan ciia két cu, cac phan tng ctia két cdu khi chiu dong dat
cé thé duge udce tinh chinh xéc. Mic du tinh chinh xdc va
hiéu qua ciia phuong phép nay di ting 1én dang ké, nhung
van con mot sé han ché ma chu yéu lién quan dén sy phirc
tap cua phuong phép trong ung dung thiét ké hing ngay:
phan tich phirc tap, ton nhidu tai nguyén... Vi vy, phuong

1a giao diém cua duong cong kha ning (Capacity curve) va
ph thiét ké (Acceleration spectrum), nén con goi la phuong
phap Phd Kha Ning CSM (Capacity Spectrum Method). Tuy
nhién, nhitng phuong phap nay dua trén cac dang tai ngang
bat bién va chi xét dong gop cua mode dao dong chinh dau
tién nén viéc danh gia phan @ng dia chin chi chinh xac cho
c4c toa nha thip va trung tdng (Krawinkler va Seneviratna,
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Gupta va Kunnath, Chopra va Chintanapakdee). Dé khéc
phuc han ché nay, mot phwong phap cai tién duge goi la
phuong phap tinh dua trén dang dao dong MPA (Modal
Pushover Analysis) di dwgc d& xudt boi Chopra va Goel
(2002). Phuong phap MPA da duoc chirng minh 1a c6 do
chinh x4c cao hon trong viéc danh gia dia chan khéng nhiing
cho cac cong trinh thip ting ma cho cé cac tda nha cao ting
so v6i phuong phap tinh phi tuyén théng thuong (Chatpan
Chintanapakdee et al., 2009; An Hong Nguyen et al., 2010).

Tuy nhién, vi 1 phuong phap gin ding, nén phuong phap
tinh MPA cén phai duoc kiém ching, danh gia trong viée ap
dung cho nhiéu dang cong trinh c6 tinh khac biét vé hinh
dang, sy phin bd d6 cung, khdi lwong va d6 bén, ciing nhu
cac dit liéu dia chin co cuong dg va tinh chét khac nhau. Myc
dich chinh ctua nghién ctu nay la danh gid d¢ chinh xac va
sai l6ch ciia phuong phap tinh MPA va phan tich ddy dan
chudn SPA trong viéc tinh toan phan émg dia chn cua cong
trinh SMRF khi so véi két qua chinh x4c theo mién thoi gian
NL-RHA (Nonlinear Response History Analysis).

2. PHUONG PHAP MPA

Trinh ty tinh toan ctia phurong phép tinh MPA bao gom 9
budc:

Bude 1: Tinh cac tan sb dao dong tu nhién @, , va cac
dang dao dong (mode shape) ¢n, clia cac cong trinh trong
mién dan hdi.

Buoc 2: Dm v6i dang dao dong tht n, xdy dung dudng
cong day dan (pushover curve) bi€u dién moi quan hé giira
luc cét day- chuyén vi mai (¥, —u,,) bang phan tich tinh

phi tuyén ciia cong trinh, dung lyc phan phéi s,"=mé,.

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

Budc 4: Chuyén ddi duong cong 1y twong pushover qua
mdi quan hé lyc - bién dang F, /L, —D,ctah¢ mot bac
ty do tuong duong cho dang dao dong thir n khong dan hdi
(Hinh 1b) béi cong thic:

F vV,
_sn— L’i; D = U, (1)
L” M” ! 1—‘n¢rn

Trong d6: M", 1a khéi lvgng dao dong hiru hiéu cua mode
thir n, @, 1a tri chuyén vi ngang cua dinh (g véi mode thir
n, 7 12 hé s6 tham gia dao dong ng véi mode thir n.

Buéc 5: Tinh bién dang dinh D, =max|D,(¢)| cua h¢
mot bac tu do khong dan hdi tuwong duong do luc kich thich
nén ii 2 (1) béng cach giai phuong trinh phi tuyén sau:

D, +2g,

" =i, (1) 2)
n
Trong d6: &, 14 ti s6 can Gmg v6i mode thir n.
Buéc 6: Tinh toan chuyén vi dinh ,,,, cia h¢ nhiéu bac
tu do khong dan hdi tmg véi mode thir n tir cong thire:
rno r ¢ i (3)

Bude 7: Rit ra két qua phan (mg mong mubn, T, >t di
lidu duong cong pushover khi chuyén vi mai bang chuyén
Vi Upno

Burée 8: Liap lai budce 2 dén bude 7 cho cac dang dao dong
bac cao.
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Buée 9: Xac dinh phan tng tong, Yaipa s béng cach két hop
phan tng cta nhiéu dang dao dong theo t hop SRSS:

“4)

V6ij 1a s6 dang dao dong tham gia.
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Hinh 1. Hé SDF khéng dan héi tir duong cong ddy dan: (a) Ly
twéng héa dwong cong day dan; (b) Quan hé giita lirc-chuyén vi
cua hé SDF

3. MO HINH VA DU LIEU PIA CHAN TiNH
TOAN

3.1 M6 hinh phén tich

Két ciu khung SMRF str dung trong nghién ctru nay la cac
khung thép phing nim trong di 4n SAC va di dwoc Akshay
Gupta va Helmut Krawinkler nghién ctru vao nim 1999. Bé
danh gia d chinh xac ctia phuong phap MPA trong viéc du
doan phén g dia chn ciia cong trinh. Nghién ciru nay da
tién hanh phén tich Ung xu phi tuyén cua khung SMREF 3,9
va 20 tang chiu dong dat voi dit liéu dia chan & Los Angeles,
Seattle va Boston. Hinh 2 va Bang 1 thé hién chiéu cao, chiéu
dai nhip tinh toan va tiét dién cho hé khung SMRF 9 tang tai
Boston.

3.2 Dir liéu dia chén

Céc phuong phép tinh phi tuyén da dwoc ching minh co
tinh chinh x4c giam di khi két cAu bi dua sau va mién phi tuyén
(Nguyen va cong su, 2010; Chintanapakdee va cong su, 2009;
Chopra va Goel, 1999, Kalkan va Kunnath, 2007). bé dam
bao khdi lugng tinh toan ciing nhu sy da dang vé két qua, cac
dao dong nén duoc trinh bay vdi cac cAp rui ro khac nhau
cho ba vi tri dia ly Los Angeles, Seattle va Boston
(Somerville va cong sw, 1997). Chung nim trong céc bd
chuyén dong nén dugce ghi lai va mé phong theo chu ky 2475
nam (2% xéac suat xay ra trong 50 nam; goi la cac bo 2/50).
Déng thoi cac dao dong nay duge chon ra tir du 4n nghién
ctru SAC va dugc thé hién qua Bang 2.




Phan tich phi tuyén khung thép phing SMRF chiu dia chin bang phwong phdp tinh

Hinh 3 trinh bay duong cong ddy din (pushover curve)

Bing 1. Tiét dién khung 9 tang tai Boston g v6i hé tai ngang theo dang dao dong déu tién cho két cau
khung SMRF 3 ting chiu cic tran déng dit & Boston, Seattle

Dam Cot va Los Angeles. Cac diém danh dau (star maker) trén duong

- - cong ddy dan thé hién chuyén vi dinh (con goi la chuyén vi

STT | TietDién | STT | Tiét Dién muc tiéu) du doan boi phuong phap tinh MPA. Két qua cho

thiy duéi tac dong cua cac dao dong nén & Seattle va Los
M W24x68 | (a) Wl4x211 Angeles, chuyén vi dinh c6ng trinh déu nim ngoai mién dan
) W36x135 | (b) W14x159 héi va co khuynh huéng di sau vao mién phi tuyén. Trong
khi @6 chuyén vi dinh cong trinh tng véi cac dao dong nén
& Boston cho thiy két ciu van lam viéc trong mién dan hdi

(3) | W33x118 | (¢) | W14x132

4) W30x116 | (d) W14x99 cho cong trinh SMRF 3 tang.
(5) W30x108 | (e) W14x61 4.2 Chuyén vi ting/Floor displacement
(6) W30x99 | (f) W14x283 Chuyén vi trung binh cAc tang ciia 2 hé khung SMRF 3-
va 20- tang chiu tac dong ctia ba bé dao dong nén duoc thé
@) W27x94 | (g) W14x233 hién qua Hinh 4. Gia tri dugc thé hién trén hinh 14 chuyén vi
() W24x76 | (h) W14x211 tAng trung binh chia cho chiéu cao ciia mSi khung (%). Két
qua cho thay doi véi khung SMRF 3 tang thi két qua tir 2
()] W18x40 | (1) W14x176 phuong phap tinh phi tuyén SPA va MPA 14 nhu nhau. Két
0 W14x120 qua tir cac phuong phap tinh cling bam sat két qua chinh xéac

tr phuong phap déng theo mién thoi gian NL-RHA. Diéu
nay chimg to ddi véi cac cong trinh SMRF thip tang, cac

™ = & ® & ® ® phwong phap tinh dy bao rét tt chuyén vi ting trung binh va
5 ®© 5 O 57 O 58 @ 59 ® 60 ® trong truong hop nay ch1 cén dung phuong phap SPA 1a du.
@ o @ ® O @ @ Vi phuong phap SPA vén van st dung lyc ngang quan tinh
49 50 5 5 53 54 tac dung dua theo ham dang dao dong cua két cdu, ma déi
® ® 0 ) ® o ® v&i cac cong trlnh thgtp tang thi d'ang dao dong dau tién chlem
83 m 45 4 47 4 mot ty 1€ tham gia rat 16n so véi cac dang dao dong con lai.
£ |© ® ® ® ® ® @  Tuynhién, d6i véi cong trinh SMRF 20 tang, két qua chuyén
;9 38 39 40 4 4 vi tang du bao boi cac phuong phéap tinh SPA va MPA ¢6 su
® © ® ® ® ® ® © sai lech so voi nghiém chinh x4c tir phuong phap dong theo
@ 3 2 3 Ea % % mién thoi gian NL-RHA, dic biét cho cic tang cao. Tuy
® o) o @ o) ) ® nhién su sai léch tuong ddi nho va c6 thé chip nhan dugc
% % z % Gl 0 trong tinh toan chuyén vi cong trinh. Nghiém tir hai phwong
® ) ) ® 0) ®@ ®  phap SPA va MPA khong c6 su sai khac nhiéu. Didu nay cho
19 2 24 3 2 & 2 thay dong gop cua cac dang dao dong bac cao 1én chuyén vi
s ® y ® 5 ® @ o® Mo tang 1a khong déng ké.
£ @ 4.3 Db trdi tAng/Story drift
< ,
Lg @ o @ o® 10 al® 0@ Do troi tng duoc xéc dinh tir s6 chénh 1ch cia chuyén
® vi chia cho chiéu cao tang:
g @ G |© /O o) @ & .
-~ O O O O Agpr = Zntl  Tn
5@ 9.15m h 5)

Hinh 2. Mat dimg khung 9 tdng Boston trong do:u,,;, u,, : lan lugt 1a chuyén vi tang thi nt+1 va

Bing 2. Dit liéu cac trdn dong dat tan sudt xay ra la 2% trong n; h: chiéu cao tang.

50 nam Do troi ting trung binh cua hé khung SMRF 3, 9, va 20

tﬁng chiu tac dong dia chin cua céc bd dao dong nén lya chon

Ten Thong tin ghi nhin Cudmg 43 K,h;’f'“g PGﬂjz duoc du doan bang cac phuong phap SPA, MPA va NL-
fli',cn) (em’s) RHA dugc thé hién trén Hinh 5. Vi hé khung SMRF thép

tAng (3 ting) su khac biét do troi ting tir 2 phuong phép tinh
phi tuyén SPA va MPA 1a khong dang ké. Hon nita, két qua
LA32 | Elysian Park (simulated) 7.1 175 11635 tir cac phuong phap tinh tiém can két qua chinh xac bang
phuong phap dong theo mién thoi gian NL-RHA. Diéu nay
cho thiy ddi vai cac két cdu thip tang, dong gop cua céc
BO27 | Nahanni, 1985 Station 1 6.9 9.6 246.99 mode dao dong bac cao la khong nhiéu, vi vay c6 thé chi cin
sir dung phuong phap chuin SPA 1a du. Véi cac két cau cao

LA27 1994 Northridge 6.7 6.4 908.7

BO21 Simulation, foot wall 6.5 30 309.99

SE2L | 1992 Mendocino 7 . L tang (khung SMRF 9 va 20 ting) thi c6 su khac biét giita
SE20 | 1985 Valpariso 8 42 1605.5 phwong phap MPA so voi phuong phap SPA, biéu d6 thé
] i . ] hién duong biéu dién d6 trdi ting ctia phwong phap MPA co

4. KET QUA PHAN TICH xu huéng nim sat vao duong NL-RHA hon so véi phuong

4.1 Chuyén vi muc tiéu/Target displacement phap SPA, dic biét cho cac tang cao. Piéu nay cho thiy anh

Tap chi Khoa hoc Lac Hd‘ng S6 Pac Biet 83




Nguyén Hong An, Nguyén Khanh Hing

huéng cua cac mode dao ddng cao 1a dang ké va can dwoc
xét dén.
Hinh 6 thé hién sy phan b6 mang tinh so sanh gitra d¢ troi
tang 16n nhat duge dy doan boi cac phuong phap tinh phi
tuyén SPA, MPA so véi d6 troi ting 16n nhét c6 dugc tir
phuong phap phén tich phi tuyén theo mién thdi gian NL-
RHA tng vé&i ba by dong dét duoc chon. Gia tri chinh xéc
theo phuong phap NL-RHA duogc thé hién trén truc hoanh,
trong khi gi4 tri do troi tAng 16n nhét tir cic phuong phap tinh
duoc thé hién trén truc tung cho ting bo dong dat va tirng
cong trinh twong tmg. Két qua cho thdy di véi két cdu 3 tAng
trong cac truong hop phan tich, gia tri chuyén vi myc tiéu

nay cho thiy déi véi céc cong trinh thip tdng, khi mode 1
thong tri, cac phwong phap tinh c6 kha ning du bao do troi
tang 16n nhét v6i d6 chinh xac cao. Tuy nhién khi chiéu cao
cong trinh ting 1én, két qua c6 su phan tan 16n hon.

Nhitng diém ndm dudi duong chuén nghia 1a cac phuong
phap tinh SPA, MPA dy bao db trdi ting 16n nhit dudi gia
tri chinh xac (underestimate), diéu nguoc lai c6 nghia cac
phuong phap tinh dy bao chuyén vi dinh vuot gia tri chinh
xéc (overestimate). Truong hop ndy ciing cho thiy phuwong
phap MPA cho két qua du bao do trdi ting 16n nhét tot hon
phuong phéap chudn SPA khi so sanh véi phuong phap phin
tich phi tuyén theo mién thoi gian NL-RHA.

phan bb bam theo dwdng chudn co hé sé goc bang 1. Didu
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Hinh 6. B¢ tr6i tang om nhdt & tit cd cac tang dwoe xdc dinh béi phwong phap SPA, MPA so v&i nghi¢m
chinh xdc tir phwong phap NLRHA cua hé khung 3 va 20 tang chiu dong dat
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5. KET LUAN

Nhitng két luan sau ddy thu duoc tir sy danh gia cac
phwong phap tinh phi tuyén trong tinh toan phan tng dia
chén cho khung SMRFs sir dung céc dao déng nén khac nhau
& ba dia diém Los Angeles, Seattle va Boston. Nhitng két
ludn nay duya trén sy so sanh gitta két qua tinh toan phan tmg
dia chin ctia phuong phap MPA, SPA va két qua ‘chinh xac’
tir phwong phap phi tuyén theo mién thoi gian NL_ RHA cho
khung SMREF 3-,9-, va 20—t?mg:

- Két qua phan tich cho thiy ddi voi cac khung SMRF thap
tang, chuyén vi muyc tiéu, chuyén vi tng va do tréi ting
dy doan boi phuong phap SPA va MPA cho két qua nhu
nhau va sai s6 du6i 6% so véi két qua tir phwong phap
NL-RHA. biéu nay cho thdy dong gop ciia cac mode dao
d6ng cao 1a khong déng ké trong trudng hop nay va chi
cAn ding phuong phap chuén SPA 1a du.

- D6i v6i h¢ khung SMRF cao tang thi két qua do troi ting
du bao boi phuong phap SPA kém chinh xac hon so véi
phuong phap MPA. Vi vay sy dong gop cua cac dang dao
dong cao can duoc xét den trong phuong phap tinh phi
tuyén khi thiét k& nha cao ting.

- Sy sai léch két qua tinh toan (chuyén vi ting va do troi
ting) tir cc phwong phap tinh phi tuyén so véi phuong
phép ‘chinh xac’ NL-RHA sé cang tang 1én khi cuong do
dia chin manh hon va chiéu cao cong trinh cao hon
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