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PHAN TiCH TINH PHI TUYEN KHUNG PHANG
BE TONG COT THEP CHIU PIA CHAN

NONLINEAR STATIC ANALYSIS OF THE SEISMIC-RESISTANT
REINFORCED CONCRETE FLAT FRAMES

HOANG QUOC THANH®™

TOM TAT: Danh gid két cau chiu dia chan cé xét phan tich phi tuyén hinh hoc va phi tuyén vit
liéu, day la huong phdn tich két ciu phan anh sat voi sy lam viéc cua ca hé va dwoc xem la mot
trong nhitng phdn tich quan trong ciing nhw danh gid mirc d6 an todn cia két cau. Trong bai viét
nay, chung téi s dung phuwong phiap MPA (Modal Pushover Analysis) la phuong phdp tinh si
dung cdc lwc ngang twong dirong cé xét dén cdc dang dao dong bdc cao va phiong phdp phan tich
phan img phi tuyén theo mién thoi gian NL-RHA (Nonlinear Response History Analysis) dé so
sdanh, danh gid két qua khung bé tong cot thép chiu dia chan.

Tir khéa: khung bé tong cot thép chiu dia chdn; phan tich phi tuyén day dan chudn; phdn tich tinh
phi tuyén xét dén dao dgng bdc cao; phan tich phi tuyén theo mién thoi gian.

ABSTRACT: Assessing seismic-resistant structure considering geometric and material nonlinear
analysis, this is the direction of structural analysis reflected closely to the working of the whole system
and is considered one of the important analysis and assessing the safety of a structure as well. In this
study, we use the method of MPA (Modal Pushover Analysis), it is a static method using equivalent
horizontal forces taking into account the higher order oscillations and non-linear response analyzing
method in accordance with NL-RHA time domain (Nonlinear Response History Analysis) in order to
compare and evaluate the result of seismic-resistant reinforced concrete frame.

Key words: seismic-resistant reinforced concrete frame; standard pushover nonlinear analysis;
nonlinear analysis taking into account the higher order oscillations; nonlinear analysis in
accordance with time domain.

1. PAT VAN PE

Phuong phap NL-RHA thuong duoc thuc
hién cho viéc danh gia mirc d6 an toan cua két
cau, xac dinh phan tmg khong dan hdi ciia hé khi
phai chiu mot trin dong dat manh. Phuong phap
ndy 1a thuéc do phan anh thuc té dap umg cua
két cau khi chiu dong dat. Co so 1y thuyét cua
phuong phap NL-RHA doi hoi tinh chinh xac
ctia md hinh két cAu. Tuy nhién, do khdi luong
tinh toan qua lon, vi vay khoé ap dung vao thuc té
thiét ké. Pé khac phuc nhugce diém trén, nhiéu
nha nghién ciru ¢d gang phat trién nhiéu phuong

phap phan tich hop ly dé co6 thé dat duoc sy can
bang thoa dang giira d tin cdy va tinh tng dung
cho viéc str dung thiét ké hiang ngay. Do do, cac
phuong phép gan dung, goi 1a phuong phap tinh
phi tuyén (NSPs) dugc bit nguodn tir Iy thuyét
dong hoc cong trinh da dugc phat trién nhu 1a
mét sy lwa chon thay thé cho phuwong phap NL-
RHA. Mot s6 phuong phap NSPs duoc tiéu chuan
trong ATC-40 (ATC, 1996) [2] va FEMA-356
(ASCE, 2000) [3] bang cach md phong két ciu
chiu tai ngang theo chiéu cao ting dan cho dén khi
dat dugc chuyén vi muc tiéu da xac dinh trudc.
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Chuyén vi muc tiéu dugc xac dinh tir sy bién
dang cua hé mét bac ty do (SDF) tuwong duong.

Tuy nhién, cac phuong phap NSPs dya trén
cac mau tai bat bién chi danh gia phan tmg dia
chan chinh xdc cac cong trinh thip va trung
tang, noi ma déng gop phan tng cia cac dang
dao dong cao hon 1a khong dang ké va c6 thé bo
qua. bé khic phuc han ché nay, mdt phuong
phap cai tién phuong phap NSPs, duoc goi la
phuong phap phan tich tinh st dung luc ngang
dwa trén dang dao dong c6 xét dén déng gop cua
cac dang dao dong cao MPA (phuong phép phan
tich déy dan theo dang dao dong), duoc dé xuét
boi Chopra va Goel (2001) [6]. Bai viét nay tng
dung phuong phap MPA vao danh gia phan tng
dia chan cho két cdu khung phang BTCT 6, 12,
20 tang co xét dén tinh chét phi tuyén vat liu va
moé hinh hoa phi tuyén vat liéu bang md hinh
lién két dam - cot ¢6 khap tha. Két qua phan tich
dugc so sanh véi phuong phap dy dan chuan
(SPA) va phuong phap NL-RHA.
2. NQI DUNG
2.1. Cac phwong phap nghién ctru
2.1.1. Phwong phdp phin tich theo mién thoi
gian (NL-RHA)

Phuong phap NL-RHA duoc xac dinh dua
trén phuong trinh dong luc hoc phi tuyén:

mi +cu + g (u, signd) = —mudiy (t) (1)

Trong d6: u la vector cua chuyén vi; m vac
1a ma tran khéi lwong va ma tran can caa hé; v 1a
vector anh huéng ma mdi phan tir bang don vi.
2.1.2 Phuong phdp phén tich tinh sir sung luc
ngang cé xét dén dao dpng béc cao (MPA) [4], [5]

Nam 2002, Chopra va Goel di dé& xuit
phuong phap MPA theo 9 budc:

1) Tinh c&c thn sb turnhién @, , va céc dang dao dong
(mode shape) dn, ctia CAC cong trinh dan hoi tuyén tinh,

2) Db véi dang dao dong thir n, xay dung duong
cong pushover biéu dién méi quan hé gitta luc ¢t day
- chuyén vi méi (V,, —u,,) bang phan tich tinh phi
tuyén ciia cong trinh, dting lyc phan phéi s,’=mé.
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3) Ly twong hoa dudng cong pushover nhu
mot dudng cong song tuyén tinh (Hinh 1a).
4) Chuyén doi duong cong 1y tuong pushover qua
mdi quan hé Iyc - bién dang £, /L —D, cta hé mdt
bac tr do tuong duong cho dang dao dong thir n khong
dan hoi (Hinh 10) boi odng thic Fu _Von 5 _ U (2)
L M, " T,
5) Tinh bién dang dinh D_ = max | D, (t)| cta
hé mét bac tu do khong dan hoi twong duong do
lyc kich thich nén t, (1) bang cach phuong trinh

phi tuyen sau: oy, 2,0, bm% ——ugy @
n

6) Tinh toan chuyén vi dinh U
nhiéu bac ty do &ng voi mode thir n hé khong
dan hoi tir cong thac: u,, =T,4,D, (4)

mo Cua hé

7) Rut ra két qua phan tmg mong muén r,» di
liéu pushover khi chuyén vi mai bang chuyén vi u,__ .
8) Liip lai budc 2 dén bude 7 cho nhiéu dang oong trinh.
9) Xac dinh phan tng tong, fyp,, bang

cach két hop phan tng cia nhiéu dang dao

dong theo t6 hop SRSS: . _ /Z’: 2. véijla
n=1

sb dang dao dong tham gia (5).

v  Idealized

Actual

Von
an/bn

- Ug D,
un b) DY=ul/Tyon

Hinh 1. Hé SDF khéng dan hdi tir duong cong day
din: (a) Ly trong hoa duong cong diy dan;
(b) Quan h¢ gitra lyc-chuyén vi caa hé SDF
2.2. M6 hinh lién két dAm - cot c6 khép thé
“type 15” trong drain-2dx [1], [7]
“Type 15” 1a mot phan tir khéng dan hoi cho
md hinh héa dim va dim - cot. N6 ¢6 thé duoc st
dung dé mo hinh thép, bé tong cbt thép, hodc cac vat

liéu composite. Cac phﬁn tir c6 mot hodc nhiéu lua
chon va ¢ thé duoc st dung trong nhiéu cach khac
nhau. Trong d6, md hinh vat li€u dé tinh cho qua
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trinh déo ctia thép, g6m su tang bén co hoc cho nitt,
nén v clia bé tong, cb thé ké dén su suy giam do
bén sau khi bi nén v& va do cung kéo cua bé tong.
Su lién két phi tuyén déo c6 thé dugc xem xét & 2
dAu phan tir, d& mo hinh hoa lién két thép nira cing
hay anh huong do truot gilra thép va bé tong tai vi
tri khép ndi. Bién dang cit c6 thé dugc xét dén
nhung cac tmg xir do cat duoc gia dinh 1a dan hoi.
Phan tir bién dang duoc chia thanh mét s phan
doan. Ung xir duoc theo ddi tai mit cit trong tam tai
moi doan. CAc thugc tinh mit cit ngang duoc gia dinh
14 khong doi trong timg phan doan, nhung 6 thé khac
nhau tir phan doan nay dén phan doan kia (Hinh 2).

Node J
Y End j
L.y ~___ Optional connection hinge
v x ~* (also made up of fibers)
RN
Node 1 ) “——Segment
End x
Optional rigid y \\/
end zone Slice 7

Fiber

Hinh 2. Phan tir dim-cot cho “Type 15” ctia Drain-2dx [1]

MJi mit cit ngang dugc xem la dan hoi
hodc dugc chia thanh cac “fibers” (thd). Céac
“fibers” c6 thé c6 mdi quan hé tng suat bién
dang doc phi tuyén cho tirng loai vat liéu.
2.3. M6 hinh phén tich

Pé danh gia do chinh xéc ciia cac phuong phap
NSPs trong Viéc dur doan phan tmg dia chan ciia cong
trinh. M@ hinh tinh todn trong bai viét ndy 1a khung bé
tong cdt thép cao 6, 12 va 20 tang 1a md hinh thyc t& da
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dua vao str dung va duogc nghién ctru béi R.Martino, E
Spacone, va G. Kingsley [8] (Hinh 3 dén Hinh 5 va sb
lidu tai trong nhu Bang 1). Pia diém xdy dung cong
trinh tai Los Angeles, Califomia, trén dat nén loai D,
chiu anh huong dong dat ving 4. Hé s can ciia két cAu
14 5%. Cong trinh duoc thiét ké dé chiu xac sudt xay ra
dong dét 1a 10% trong 50 nim (LA10in50) nhu Bang 2.
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Hinh 3. Mat bang chung cho cac khung 6, 12 va 20 ting
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Hinh 4. So db tinh tai trong ciia khung 6, 12 va 20 ting
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Hinh 5. Mit dung ctia khung 6, 12 va 20 ting
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2.4. Dir liéu dia chan

Bang 1. Tai trong tmg voi tiét dién

CAu kién | Kich thwec | H(m) | W(m) | L(m) | TLBT (kN/m3) | PL(N) | P2(N) | P(N)
Bl 450x660 | 0.660 | 0.457 | 3.65 23.6 12,899 | 26,243 | 26,243
B2 510x710 | 0.711 | 0.508 | 3.65 23.6 15,568 | 31,136 | 31,136
B3 560x810 | 0.812 | 0.558 | 3.65 236 19,571 | 39,142 | 39,142
c1 510510 | 0.508 | 0.508 | 4.267 236 25798 | 25,798 | 0.0

C2,C2a | 610x610 | 0.609 | 0.609 | 4.267 236 37,363 | 37,363 | 0.0
C3,C3a | 710x710 | 0711 | 0.711 | 4.267 236 50,707 | 50,707 | 0.0
C4,Cda | 812x812 | 0812 | 0812 | 4.267 23.6 66,275 | 66,275 | 0.0

Tai trong dong dat ding dé phan tich trong
bai viét nay ldy tir s liéu ghi nhén cac tran
dong dat xay ra trong lich sir. B dao dong
LA10/50 twong mg v&i xac suat xay ra 10%
trong 50 nam, bd dao dong nay duoc thyc hién
béi du an SAC dia diém tai Los Angeles,

California. Bai viét chon 10 trédn dong dat bo
LA10/50 dé phan tich. Bang 2, cung cip céc
thong tin ghi nhan vé dia diém ghi nhan, d6 1on
dong dat, khoang cach, gia toc dinh (PGA) clia
10 tran dong dat ghi nhan.

Bang 2. Dit liéu trdn dong dat tin suit xay ra 10% trong 50 nim

Tran Pia diém ghi nhan Pé I6n | Khoing cach (km) PGA (cm/s2)
LAO1 | 1940, Imperial Valley, EL Centro 6.9 10 452.0
LAO02 | 1979, Imperial Valley, Array #05 6.5 4.1 386.0
LAO3 | 1992, Landers, Barstow 7.3 36 413.0
LAO4 | 1992, Landers, Yermo 7.3 25 509.7
LAO5 | 1989, Loma Prieta, Gilroy 7.0 12 950.9
LAO6 | 1994, Northridge, Newhall 6.7 6.7 644.5
LAO7 | 1994, Northridge, Rinaldi RS 6.7 7.5 523.3
LAO8 | 1994, Northridge, Sylmar 6.7 6.4 558.4
LAQ09 | 1994, Northridge, Sylmar 6.7 6.4 801.4
LA10 | 1986, North Palm Springs 6.0 6.7 967.6

2.5. Két qua nghién ciru

Mot s6 quy wéc chung vé do troi tang cua
ba phuong phap trong viéc xac dinh phan (ng
dia chan cho céc toa nha chiu dong dat nhu sau:
ANL—RHA, ASPA Va AMPA '

Tir két qua phan tmg dbi véi mdi tran dia
chan, ty sb phan ung dugc dinh nghia:

Aspp = Aspa/ Anirra V& Aypa = Aypa / Ay rrn

Gié tri trung binh cua cac phan ung nhan
dugC tr Aspp  Aypa Anirra Asen V3 Ay
thi duogc xac dinh theo céng thic:

X = eXpI:Zi—lln X ] (6)

n

Bang 3 va 4 thé hién chi tiét két qua cua
chu ky dao dong va khéi luong tham gia cia
timg dang dao dong cua khung 6, 12, 20 tang.

Bang 3. Chu ky dao dong Tn(s) tu nhién cta hé khung

Khung Mode 1 Mode 2 Mode 3
6 tang 1.5310 0.4950 0.2826
12 tang 2.4839 0.8830 0.5096
20 tang 3.1241 1.0140 0.7526

Béng 4. Thanh phin khéi luong tham gia cho timg mode (%)

Khung | Mode 1 | Mode 2 | Mode 3 | Téng cong
6 téng 82.99 9.99 3.83 96.81
12 téng 77.61 11.47 3.92 93.0
20tang | 79.13 7.60 3.77 90.5
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Hinh 6. Chu ky dao dong

2.5.1. Phdn sng chuyén vi dinh

Ung véi ting dang dao dong co cac
chuyén vi dinh tuong tng véi timg dang dao
dong cta cac hé khung nhu Hinh 7. Tuy theo
d6 mém ctia hé khung sé& cho cac duong cong
day dan c6 hé sé goc ¢ giai doan dan hdi khac
nhau. Khi d6 16n cac tran dong dét khéac nhau,

& mdi hé khung c6 cac chuyén vi dinh khéng
gidng nhau. Véi hé khung cang cao, gia tri
chuyén vi dinh cang 16n va lyc diy dan cang
nho. Pay chinh 13 két qua chuyén vi dinh muc
ti€u cia phuong phap SPA.

Khung 6 tang
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Chuyén vj (m)
Hinh 7. Budng cong diy din ¢ ba dang dao dong dau tién
ung voi cac khung 6, 12 va 20 chiu cac tran dong dat
& Los Angeles

2.5.2. Chuyén vj tang

Dé danh gia chinh x4c hon gitta ba phuong
phap cho 10 tran dong dt, ta c6 phén tich trén
Hinh 8. B4i v6i hé khung 6, 12 va 20 ting c6
su dong gop cua ba dang dao dong tham gia khi
dugc xem xét dé ude tinh phan tmg dia chén.
Két qua chuyén vi ting chia chiéu cao nha (%)
tir ba phuong phap dugc thé hién trong phin
két luan.
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Hinh 8. Chuyén vi trung binh c4c hé khung
bing phuong phap NL-RHA, SPA va MPA
chiu 10 tran dong dat xac suat 10% trong 50 nim

2.5.3. Pg troi tang

Khung 6 tang - LA10in50
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Khung 12 tang - LA10IinS0
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Hinh 9. P9 troi tAng trung binh cua cac hé khung bang
phuong phap NL-RHA, SPA va MPA chiu 10 trin dong
d4t xac sudt 10% trong 50 nim

Do troi t&ng: bo troi te‘”mg duoc xac dinh
tir ty sb chénh léch cua chuyén vi chia cho

chiéu cao tang A - 1~ (3.14)
h

Uy, U, lan luot 1a chuyén vi tang thi
n+1 va n; h: chidu cao ting

Khéng giéng nhu chuyén vi tAng va chuyén vi
mai, viéc dong gop cua cac dang dao dong cao sé
thay 16 hon trong phuong phap MPA. Hinh 9 trinh
bay do trdi ting trung binh cho cac hé khung 6, 12
va 20 tang dugc xac dinh boi phuong phap SPA,
MPA va theo phuong phap chinh xac NL-RHA.

Pé tréi tang 1om nhdt: Bé xac minh mot
thiét ké xay dung hodc danh gia mot két ciu
hién c6, cac tiéu chuin xay dung thudong yéu
cau do troi ting 1on nhat ¢ bat ky tang nao la
phai nhé hon mdt gia tri cho phép nao do cua
vt liéu. Hinh 10 thé hién tit ca cac do troi tang
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16n nhit ¢ tat ca ting duoc xac dinh boi hai

phuong phap.
Khung 06 tang - LA10in50 - Drift (%)
3 -
——NL-RHA
2 A1 ® SPA
< + MPA
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<
o
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Khung 12 tang - LA10in50 - Drift (%)
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MPA, SPA
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Khung 20 tang - LA10in50 - Drift (%)
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NL-RHA

Hinh 10. D6 trdi ting 16n nhét cua cac hé khung bang
phuong phap NL-RHA, SPA va MPA chiu 10 trén dong
d4t xac suit 10% trong 50 nim

Gia tri trung binh va do phdn tan cua ty 1é
dg tréi tang: Chi tiét hon, ta xem xét gié tri trung
binh va d¢ phan tan (phuong sai) cua ty ¢ do troi
ting tr hai phuong phip SPA, MPA Ia
Agppr Appa » 50 VOi nghi€ém chinh xac tir phuong
phap NL-RHA, A

thé hién qua cac bang Bang 5 va Bang 6.

NL_rua tai Los Angeles duoc

97

Béang 5. Gia tri A™ gitra phuong phap SPA va MPA so véi
phuong phap NL-RHA

Tran SPA MPA
dong 6 12 20 6 12 20
dit | ting | ting | tAng | ting | ting | ting
LAO1 | 0.64 | 0.65 | 0.39 | 0.86 | 0.93 | 1.11
LA.02 | 0.72 | 0.78 | 0.52 | 0.80 | 0.94 1.05
LA.O3 | 060 | 0.84 | 0.71 | 0.81 | 1.12 1.14
LA.0O4 | 051 | 0.66 | 0.50 | 0.67 | 1.10 | 0.93
LAO5 | 0.29 | 041 | 0.40 | 0.60 | 0.81 | 1.11
LAO6 | 054 | 0.29 | 0.25 | 098 | 0.75 | 1.07
LA.07 | 0.37 | 0.31 | 0.21 | 0.60 | 0.72 1.14
LA.08 | 0.68 | 0.73 | 0.27 | 0.81 | 0.97 1.11
LA.09 | 0.70 | 0.30 | 0.23 | 0.98 | 0.58 | 0.85
LA10 | 053 | 0.33 | 0.19 | 0.72 | 0.75 | 1.10

Bing 6. Gia trj do sai léch do troi ting & (%) giira phwong
phép SPA va MPA so0 véi phuong phap NL-RHA

Trin SPA MPA
dong 6 12 20 6 12 20
dat | thng | thng | tAng | ting | ting | ting
LAOL | 7.72 | 8.84 | 363 | 454 | 272 | 114
LAO2 | 12.93 | 14.23 | 10.01 | 1.67 | 3.18 | 0.10
LAO3 | 4.82 | 1644 | 17.31 | 1.85 | 834 | 1.77
LAO4 | 236 | 891 | 9.15 | 6.44 | 7.82 | 2.82
LAO5 | 28.33 | 5.03 | 4.06 | 11.01 | 1.37 | 1.18
LAO6 | 0.09 | 15.39 | 6.78 | 10.67 | 3.69 | 0.20
LAO7 | 16.42 | 13.39 | 11.21 | 11.18 | 520 | 1.72
LAO8 | 10.44 | 12.09 | 4.78 | 217 | 3.84 | 1.18
LAO9 | 11.86 | 14.77 | 8.83 | 10.74 | 11.68 | 5.13
LA10 | 0.75 | 11.94 | 1256 | 3.01 | 3.95 | 0.85
3. KET LUAN

Két luan dudi day danh gia tinh chinh x4c cta
phuong phap MPA trong d4nh gia nhu cau dia chan
caa hé khung 6, 12 va 20 tang chiu 10 tran dong dét
O X4 xuét 10% trong 50 nam. Két luan nay dua
trén két qua so sanh gitra ba két qua SPA, MPA va
nghiém chinh xac tr phuong phap NL-RHA. 1)
Khéi luong tap trung cha yéu ¢ dang dao dong
dau tién nén khi xét chuyén vi thi tmg vai dang
dao dong dau s& cho két qua 1on hon cac dang
dao dong con lai. Do do6, phuong phap SPA chi
xét sy tham gia cua dang dao dong dau tién.
Tbng khéi lugng tham gia vao 3 dang dao dong
giam dan khi céng trinh cang cao chung to
khung cang cao thi dong gop cua cac dao dong
bac cao cang nhiéu. 2) Ddi véi hé khung 6 tang



TAP CHf KHOA HQC DAI HOC VAN LANG S6 24, Théang 11 - 2020

phan trim sai léch cua chuyén vi mai gira khung 12 va 20 tang c6 su sai léch 16n nhit
phuong phap SPA, MPA so v6i phuong phap  gitra két qua tir phwong phap MPA va SPA khi
NL-RHA khéng chénh léch nhiéu co sai s6 duéi  c6 su tach biét rd rang. Két qua chuyén vi ting
12%. Do d6, chi can ding phuong phap SPA 1a  cia phuong phap MPA va phuong phap NL-
du tin cay. Tuy nhién, khi sb tang cang cao thi  RHA c6 dd sai léch nho hon cua SPA. Do do,
c6 su khac biét cang l6n va phuong phap MPA  phuong phap MPA ¢ xét dén céc dang dao
cho sai sb it hon phuong phap SPA. Cac khung  ddng bac cao cho chuyén vj ting cua khung cao
12 va 20 tang thi phuong phap MPA cho két qua  tang s& c6 sai s6 it hon. 4) Pa phan gia tri do
t6t hon phuong phap SPA véi sai s da phan  trdi tang trung binh ciia phuong phap MPA gan
nho hon 10%. 3) Chuyén vi tang chia chiéu cao  bing phuong phap chinh xdc NL-RHA (> 0.75).
nha (%) cho thdy sy dong gop cua cac dang dao  Trong khi d6, hau hét cac gia tri do troi tang
dong bac cao cta phuong phap MPA giup lam  trung binh phuong phap SPA khong vuot qué
giam su sai léch két qua hon so v6i phuong  0.75 gia tri cia phuong phiap NL-RHA. Tuy
phap SPA trong viéc so sanh véi két qua chinh  nhién phuong sai thi nguoc lai, phuong phap
Xéc tir phuwong phap NL-RHA. DBéi v6i khung 6 SPA ¢6 gi4 tri chénh léch 1én dén 28.33% trong
tang, ca hai phuong phap SPA va MPA cho két  khi gia tri ciia phuong phap MPA thi khong vuot
qua chuyén vi tang 1a gan nhu nhau, vi vay, 6  qui 11.68%. Piéu d6 cho thdy phuwong phap
thé chi str dung phuong phap SPA. Riéng 6 hé  MPA chinh xac hon.
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