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Investigate some affected factors for RC frame behavior in seismic
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Tom tat

Hién nay dong dat la mét trong nhiing thién tai gay ra hau
qua dang ké 6 khap noi trén thé gidi. Hau qua cia tac dong
ddng dat d6i véi cac cong trinh thap tang ¢ thé & cdc miic

dd tir nghiéng, gy dé hay pha hoai hoan toan. Hé khung bé
tong cot thép (BTCT) chii yéu duoc sit dung trong cac cong
trinh thap tang nén viéc phan tich ing xi ctia chiing du6i
tac dong ctia ddng dat 1a can thiét dé tim ra cach thiét ke,
cacbién phap cau tao nham dam bao su an toan, giam thiéu
thiét hai vé nguoi va tai san. Bai bao da phén tich ing xit ciia
hé khung phang BTCT khi thay d3i cac tham sd nhu chiéu cao
tang, su xuat hién va thay ddi vi tri théng tang ciing nhu su
anh huéng caa tai trong dimg trén khung bang phueng phap
tinh phi tuyén day dan Pushover. Két quéa khao sat cho thay
su thay ddi dd ciing anh huéng ré rét dén ing xi cia khung
phéng nhung cac khodng théng tang hay su ting tai trong
diing lai it anh hudng.

Tir khéa: Khung phdng bé téng cdt thép, phdn tich Pushover, tdc dong
ddng dat

Abstract

Currently, earthquakes are one of the natural disasters causing
significant consequences worldwide. The consequences of
earthquakes on low-rise buildings can range from tilting and cracking
to complete destruction. Reinforced concrete (RC) frame systems

are primarily used in low-rise buildings, making the analysis of their
behavior under earthquake impact essential to developing design
strategies and structural detailings that ensure safety and minimize
damage to people and property. This paper analyzes the behavior

of RCframe systems when parameters such as story height, the
presence and change of atrium positions, and the influence of vertical
loads on the frame are varied, using the nonlinear static pushover
method. The survey results indicate that changes in stiffness
significantly affect the behavior of the frame system, whereas void
spacing and increased vertical loads have less impact.
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1. bat van dé

Hién nay hién twong dong dat xay ra thwong xuyén & nhidu noi
trén thé gioi gay ra anh hwéng I&n déi véi cac cong trinh tai ving
tam chan va ca cac vung xung quanh khi chiu dw chan cla ching.
Cé4c tran dong dat gan day & Pai Loan — Trung Quédc, Thé Nhi Ky
hay Nhat Banda gay ra hién twong sut 1& dat da, pha hoai cac téng
phia dwi ctia cong trinh gay ra hién twong nghiéng hoac gay dé
cobng trinh dan t&i sw thiét hai nang né vé con ngudi va tai san
(xem Hinh 1). Khéng chi cac céng trinh cao tAng ma tham chi cac
c6ng trinh thap tang ciing bi anh hwéng ndng né béi tac dong cua
doéng dat. D&c diém cla cac cong trinh thdp tang 1a viéc si dung hé
khung c6 dd cirng chéng cat kém nén dé& dang chiu sw anh huéng
clia luc cat ngang do tac dong clia dong dat gay ra.

Céc cong trinh hién nay thudng két hop nhidu khong gian cé
muc dich st dung va kich thwéc khac nhau nhw chiéu cao cac tAng
bén duwdi cao, khdng gian réng phuc vu cho muc dich thwcyng mai
hodc cac sanh cho Ién hodc cac khodng khéng gian thong tang va
théng nhip, ... Diéu nay dan téi dd cing cla cac tang bén dum
gidm so voi cac tang phia trén tao nén sy khéng déu dan vé do
clrng cta hé khung. Tl d6 strc khang cét hay d6 déo (kha nang
phan tan nang lwong) ctia khung cé thé khéng thich hop dé chéng
lai nhivng (rng suét phat sinh trong céng trinh do tac dung cuda tai
trong déng dat [1]. Ddng thoi viéc suy gidm doé cieng cla tAng ciing
dan dén viéc bién tang do tré thanh tAng mém trong hé khung
BTCT. Hejarl va cac cong sw (2011) [5] da phat bidu tAng mém
khong thé cung cip day du kha nang chdng cét cho cac cong trinh
khi chiju tai trong déng dat dan dén thiét hai va sup dd. Joshi va cac
cong sw (2013) [6] cling khang dinh tAng mémdo thay déi chiéu cao
tang déng vai trd quan trongtrong ng xtr dong dat cta khung visw
khoéng lién tuc v& do ctiing cla két ciu la nguyén nhan dan dén sy
hw héng két cau. Bai bao clia tac gia ThS. Nguyén Thi Thanh Hoa
(2018) [7] da trinh bay vé& sy tap trung (rng suét va blen dang I&én
tai tAng mém gay nén sw xuét hién khép déo tai cac cau kién chiu
lwc theo phwong ngang chinh. Khi dé d6 ctvrng ctia tAng mém nhanh
chéng bi giam xubng va cé thé dan téi sup d6 nhanh chéng trong
khi cac tang trén van chwa huy dong nhiéu kha nang chiu luc tao
nén sw khong hop Iy vé& kha nédng chiu lwc cia toan bd cong trinh.

Viéc nghién ctru anh hwéng cta sw thay déi cac tham sb trong
khung bé téng cbt thép (BTCT) mang lai cai nhin tbng quan vé su
thay dbi rng x& cia khung BTCT khi chiu tac déng cla déng dét.
T d6 cé bién phap cAu tao phu hop, diéu chinh ciing nhw c6 thém
céac giai phap khac phuc nhitng anh hwéng xau cla sy suy gidm
do clrng cac tang bén dwdi so véi bén trén khi chiu tac dong cla
dong déat.

Hién tai c6 nhiéu phwong phap dé phan tich rng xt& ctia khung
khi chiu tac déng dong dat. Phwong phéap phan tich tinh phi tuyén
ddy dan Pushover cho phép mé phdng hiéu suét phi tuyén cia
khung két ciu duwdi cac tac dong dong dat. Bidu nay gitp hidu rd
hon vé& cach truyén tai trong va &ng x&r ctia khung két ciu trong
qué trinh dién ra dong dat cling nhw gidp xac dinh vj tri va thiv tw
céac khop déo dugc tao thanh [1]. Déi véi viéc phan tich tng x& clia
khung BTCT don gian, phwong phap phan tich Pushover mang lai
hiéu qua nhe viéc ap dung phan mém ETABS gilp qua trinh phan
tich nhanh, gon va chinh xac.
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b) Trén ddng d&t & Thé Nhi Ky - 2020
Hinh 1 — Thiét hai, hu héng ctia cong trinh khi chiu tac dong dong dat

a) Tran dong dat & bai Loan - 2024
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~ Nham khao sat anh hudng cia cac tham Gt P .
sO dén tng x& cla khung bé tdng cot thép khi D S O O
chiu tac déng clia déng dat, bai bao trinh bay cac
mé hinh khao sat cho mét khung gitra ciia mot S e EEEEEECCEEEEEEEEEEE =
cong trinh gia dinh cé 4 nhip theo phwong ngang
nha va 12 nhip cho phwong doc nha. Kich thuwéc Gt + ptt z
lwdi cot theo phwong ngang nha déu nhau véi T Y
gia tri L = 7(m). Kich thwdc lwdi cot theo phuong Gt + ptt =
doc nha déu nhau v&i gia tri B = 4(m). Tai trong
tac dung lén khung gdm tai trong thuwéng xuyén Gt+ Pt N
(Gtt)vétéitrongtgmthb’[(Ptt)du’qcxécdinh 11}||1 N O A I I A A | =
dwa trén nguyén tac truyén tai tr cac san ve
khung (xem Hinh 2). Tai trong drng tac dung lén =
khung dwoc xac dinh dwa theo tiéu chuan Viét
Nam TCVN 2737:2023 [2] va tai trong dong dat
dwoc tinh toan theo phwong phap phd phan tng
dao ddéng dwoc quy dinh trong tiéu chudn TCVN
9386:2012 [4].

Céc théng sb cb dinh trong tat ca cac mé hinh
khao sat bao gbm: Cong trinh bao gébm 6 tang v&i
chiéu cao cac tAng méc dinh 1a 3,3m; Céng trinh dwoc xay
dwng tai Quan Thanh Xuén, Ha Néi v&i cdng nang chinh la
van phong cho thué; Vat liéu str dung bao gdm bé téng cap
do6 bén B20, cbt thép nhém CB400-V; Tiét dién cla cac dam
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Hinh 2 — So d6 khung phang khao sat

va cot déu 1a 300x600(mm).

~ Céc thong sb thay dbi twong (rng véi su thay déi d6 cirng
tang mot so v&i cac tang bén trén bao gom: swr thay doi chiéu
cao tang mot (xem Bang 2) va sw xuat hién cting nhw vi tri
clia khoang thong tang véi chiéu cao cac tang nhw nhau la H

Bang 1 — Théng sd thay ddi chiéu day ban san

Tén mod hinh DFS3.3-0.08 DFS3.3 DFS3.3-0.12 DFS3.3-0.15 DFS3.3-0.2
Chiéu day san (mm) 80 100 120 150 200
Bang 2 — Théng sé thay ddi chiéu cao ting
Tén md hinh H1 (mm) H2 (mm) H3 (mm) H4 (mm) H5 (mm) H6 (mm)

DFS 3.3 = H1 3300 3300 3300 3300 3300 3300
DFS 3.6 = H1+300 3600 3300 3300 3300 3300 3300
DFS 3.9 = H1+600 3900 3300 3300 3300 3300 3300
DFS 4.2 = H1+900 4200 3300 3300 3300 3300 3300
DFS 4.5 =H1+1200 4500 3300 3300 3300 3300 3300
DFS 5.2 =H1+1900 5200 3300 3300 3300 3300 3300
DFS 6.6 = H1+3300 6600 3300 3300 3300 3300 3300
DFS 9.9 = H1+6600 9900 3300 3300 3300 3300 3300
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G B S = e o e £ trinh bay trong Béng 1 v&i chiéu cao céac tang nhw nhau la H
e _i =3,3m. Cot thép ctia dam, cot duoc tinh toan theo tiéu ghuén
e o TCVN 5574:2018 [3] cho tat c& cac mo hinh va lay két qua
Gr+pe «.w thép I&n nhat dé bé tri chung cho tat ca cac mé hinh khi phan
yESSSEE! — tich bang phwong phap Pushover.
f?‘r??? TR T TR (T 3. Két qua phan tich anh hwéng caa cac tham sé dén
w1 owe ) osw [ w trng xt&¢ khung phang BTCT chiu tac dong dong dat

=3,3m (xem Hinh 3). D6 clng clia khung bao gdm dé cirng
chdng udn va dé clrng chéng cét tuy nhién pham vi cla bai
bao chi xem xét dén d6 clrng chéng cat cuia khung khi chiu
thanh phan ngang cla tai trong dong dat. Cac thong sb khao
sat s anh hwédng tai trong dirng théng qua s thay ddi chiéu

Két qua so sanh chu ky dao dong gitra 8 trworng hop thay
dbi chiéu cao tAng mét trong Hinh 4 cho thay chiéu cao ting
mot cang I&n hay d6 clrng tAng mét cang giam thi chu ky dao
doéng cang Ion. Bac biét khi chidu cao tAng mét gép 3 1an cac
tang con lai twong trng d6 clrng tAng mét giam manh (gidm
gan 80% d6 cirng so véi tAng bén trén) thi chu ky dao dong

2
16
12
WDFS 3.3
os III I
0.4 EDFS 3.6
0 T T [ A
1 2 3 4 5 EDF53.9
DFS$3.3 0.355 0.273 0.153 0.103 0.078 DFS 4.2
DFS 3.6 0.966 0.309 0.173 0.116 0.087
mDFS4.5
DFS$3.9 0.992 0.317 0.178 0.119 0.088
DFS4.2 1.022 0.326 0.182 0.121 0.089 mDE2:2
UFs 4.5 1054 U.335 U.185 u.122 .09 BWDFS 6.5
DFS5.2 1139 U.355 U.193 U125 v.091 BUFSY.Y
DFS 6.6 1227 0.353 0.183 0.116 0.083
DFS9.9 1853 0.395 0.191 0.119 0.084

Hinh 4 — Biéu db so sanh chu ky dao ddng khi thay d6i chiéu cao ting mot
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Hinh 6 — So sanh chuyén vi khung va chuyén vi lIéch tang khi thay ddi chiéu cao tang
mot

14000 mCi mC4 mC5
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200.0
oo DF5 3.3 DFE3.6 DF= 3.0 DFz4.2 DFz4.5 DFE5.2 DFE 6.6 DFs9.9 Hinh 7 — SO Sél’lh |LfC doc
mC3 11806 11812 11825 11838 11853 11885 11848 12084 ~ " - ; Au 5 VN
chan cot khi thay doi chiéu
w4 11895 11882 11886 11887 11BB8 11894 11910 11966 i~ ~
[ [~ G826 684.5 686 4 6BE .3 T0D3 T 7 7136 7345 cao tang mgt
1.2
0.8
0.4
1 2 3 4 5
B F55-51A1 0.334 0.311 0.171 0.114 0.088
B F55-MIA 1.026 0.314 0.169 0.111 0.084
W F55-51A2 1.037 0.316 0.169 0.112 0.0838
mF53.3 1.038 0.317 0.171 0.113 0.089
W FSS5-IA3 1.093 0.321 0.168 0.109 0.085

W FSS-SIA1 mFSS-MIA  mFSS-SIA2 mFS-3.3 mFSS-A3

Hinh 8 — Biéu db so sanh chu ky dao ddng khi xuat hién va thay ddi vi tri thong tang
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tang 1&n rat nhanh (gan 30% so v&i khi gap hai lan twong
&ng dd clrng tAng mot gidm gan 40% so véi tAng bén trén).
Diéu nay cho thay trweng hop chiéu cao tang mét gép 3 1an
cac tang con lai twong dwong véi viéc khung xuét hién tang
siéu mém.

Khi so sanh lwc cat day do tac dong cla dong déat tac
dung 1én khung phang, gia tri lwc cat day sé giam dan khi
chiéu cao tAng mét tdng dan. Xu hwéng tdng nhanh d&c biét
khi d cirng clia tAng mét gidm twong dwong véi thng mém
ho&c tang siéu mém (gidam 35% so vé&i khi dd chénh chiéu
cao 1a 2 1an, cac trwdng hop khac gidm tlr 11% tré xubng
nén khong dang ké hoéc kha nhd) (xem Hinh 5). Twong tu,
sw thay déi rd rét hinh thirc chuyén vi khung va chuyén vi
léch tAng c6 thé nhan thay khi chiéu cao ting mot gap 2 1an
S0 Vv&i cac tAng khac tirc 1a dd clrng clia thng mot gidm gan

200 254.51
241.92 241.96 241.32 241.22 37432

1

BISS-SIAL mISS-MIA mISS-SIA2

200

100 41.62 3505

0

rs-3.2 mrs-2.2 mrssiaz

40% (xem Hinh 6). Tuy nhién sw thay déi chiéu cao cta tang
mot so v&i cac tAng con lai khéng anh hwéng dén luc doc tai
chan c6t khung (xem Hinh 7).

Dbi véi sy xudt hién cla théng tang va thay ddi vi tri
théng tang trong khung, cac tham sb lién quan dén tai trong
déng dat nhuw chu ky dao déng va luc cét day cé su thay
ddi nhwng khéng dang k& (xem Hinh 8 va 9). Trong khi d6
hinh thirc chuyén vi khung va chuyén vi léch tang sé thay
ddi dang ké khi sb lwgng thong tang tang 1én nhwng khong
dang ké khi thay dbi vi tri clia chung trén khung phang (xem
Hinh 10).

Tai trong dirng trong khung tang Ién gay ra sw tang ty 1&
thuan ctia chu ky dao dong ciing nhw lwc cat day tac dong lén
khung (xem Hinh 12 va 13). Hinh thirc chuyén vi ctia khung
ciing nhw chuyén vi léch tAng c6 sw thay d6i khong dang ké
voi gia tri dwoi 10% khi tai trong
dirng tdng dan théng qua sw thay
ddi chidu day cta ban san (xem
Hinh 14). Tuy nhién trén thuc té
sy thay ddi chidu day ban san
sé& lam thay ddi d6 cirng clia san
nén ciing sé lam thay déi rng xt
2 clia cong trinh khi tinh toan theo
so dd khong gian.

314 3187 3187 305

Hinh 9 — Biéu d6 so sanh Iuc cat day khi xuat hién va thay dai vi tri thong

tang
2 6

20 |
—a— F55-51A1

18 |—e—FSS-MIA
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5 (=T
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Hinh 10 — So sanh
chuyén vi khung va
chuyén vi léch tang
khi thay dai vi tri
thong tang

a 5 10 15 0 a5 Y 0 0.0005 0,001 0.001% 0.002 00025
Chuyén vi khung Chuyén vi léch ting
a) Chuyén vi khung b) Chuyén vi léch tang
1600
1200 . —
w0 - ] - il
O [ [
n H(?
FSS-SIAL FSS-MIA FSS-51A2 F53.3 FSS-1A3
mc1 1037.778 1077.0227 692.2891 619.9465 852.9288 =es
mC2 11740095 1085.1079 1182.3865 1039.2363 986.2714 mca
mC3 1187.0903 995.7143 1171.3496 1105.1029 996.3945 BCS Hinh 11 — SO Sénh |u'c dOC
c4 10sb 40062 1148.219 Y8 8.3689 11/6.U013b 11/48/6 chan C6t khi Xua’t hién vé
mCs 590.2713 594.2436 858.4984 10764216 633.7844

thay déi vi tri thong tang

TAP CHi KHOA HOC KIEN TRUC & XAY DUNG



1.2

0.8 '
- i
1 2 3 4 5
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a) Chuyén vi khung

Uu diém cula viéc phan tich theo phwong phap tinh phi
tuyén day dan Pushover la nhan biét dwoc vi tri hinh thanh
khép déo dau tién trén khung va vi tri clia khung dat dén
trang thai CP (Collapse Prevention) — trang thai sup dé. T
dé ngudri thiét ké cé thé dwa ra phwong an thiét ké cling nhw
cAu tao d& dam bao khung lam viéc an toan. Két qua khao
sat sw hinh thanh khép déo nhw Hinh 16 cho thy khép déo
dau tién hinh thanh tai chan cot déi v&i cac hé khung déu
d&n chiéu cao khi chju tac dong clia dong dat voi tat ca cac
gia tri thay ddi clia tai trong dirng trén khung. Trong khi dé khi
khung c6 s suy gidm dd ctrng tAng mot so véi cac tng con
lai thi khép déo dau tién dwoc dich chuyén 1&n vi tri dam tiép
giap gitra 2 tAng c6 sw thay ddi do clrng dic biét Ia tai tAng
c6 sw xuat hién ctia khodng thong tang.

Két luan

Trong pham vi khdo sét clia bai bao nay,két qua khao sat
thu dwoc mot s6 két luan nhuw sau:

Hinh 14 — So sanh
chuyén vi khung va
chuyén vi léch ting
khi thay dai tai trong
dirng
oLooo2 0.0004
Gid tri chuyén vi léch ting

b) Chuyén vi l&ch tang

- D6 clring clia tAng mot thay ddi thong qua sw thay déi
chiéu cao tAng c6 anh hwéng rd rang dén (rng x& ctia khung
ph&ng BTCT khi chju tac dong cta dong dat dic biét khi
s suy gidm doé clrng tlr 40% tré Ién. Sy suy gidm dd clrng
nay dan t&i chu ky dao déng tdng nhanh, lwc cat day giam,
sw khac biét rd rét vé hinh thirc chuyén vi va chuyén vi léch
tang.

- Sy xuét hién va vi tri clia cac khoang théng tang gay
anh hwéng khong dang ké dén khung phang BTCT. Tuy
nhién sb lvong khoadng théng tang trong khung khac nhau
cling dan t&i sy tang chu ky dao dong, gidm lwc cét day, tang
chuyén vi khung khi s6 lwong tang dan.

- Ung x&r cua khung sé tang ty lé thuan voi sy téng tai
trong ding trén khung phang BTCT nhung mirc tdng nhd
dwéi 10%. Tuy nhién viéc tang tai trong dirng théng qua thay
ddi chidu day san twong (rng d6 clrng cla san tang coé y
nghia trén thuc té ddi véi khung khong gian nhung chwa
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danh gia dwoc khi khao sat trén khung 2000.0

phéng. mC3 mC4 mCs
X > A ” > N ’ 1500'0
Két qua nghién clru cua bai bao
N ca > . P . X 1200.0
dwa trén viéc khao sat voi gia tri cot
thép trong dam, cot khong dwoc bb tri 800.0
twong &ng voi ndi lwe khung trong moi 400.0
so’ do khdo sat nén con han ché va anh 0.0
hu@ng dén tl'nh phl tuyén cha khung / DF53.3-0.08 DF53.3 DF53.3-0.12 DF53.3-0.15 DF53.3-0.2
o mc3 1103.2 11813 12612 1383.2 1582.6
mCa 11109 11338 1266.5 1390.3 15928
mCs 652.0 692 6 7332 7940 8954

Hinh 15 — So sanh luc doc chan cot khi thay déi tai trong dirng

Joint Label &
JortLsbe 3 Eodimy:
Ux = 26571 Ux= 32413
1) Uy= 0.000 1 1 T 3 31: ?g 3 = =
, Y=tz (y c o E = 0000000 (® S - .
N e ~ e -
iz = 0000000 i
- E—
. | |
!
| e
T |
1 1 ruan
i i |
} -
|
Ty
-
a1
i
- B .= : -

a) Khung déu dan chiéu cao b) Khung khong déu dan chiéu cao
Joint Label 5 Joini Labed 5
1oy TANG 6 Story. TANG 6
LUx = 23670187 Ux = -22.157
L= 0000000 (1 : : O y=oo (3 0 1 9
A'ﬁ'i:‘:’ﬁa?m B (c ) E ﬁﬁ"{"m 0 c D e
| Ry = 0L000533 Ry = 0.000081
p Rz = O 000000 - Hz= DR -
|
Tanin : - > -+ - - — - ey
s . A D— b w
Vi tri thong tang
L e [ ! T
b X [‘ I I X : | .
c) Khung thay déi tai trong ding d) Khung c6 thong tang

Hinh 16 — So sanh vi tri khép déo dau tién hinh thanh
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