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EFFECTS OF EARTHQUAKES ON STRUCTURE OF CONCRETE FRAMES CONSIDERING
THE ENCLOSURE WALL’S INFLUENCE
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Tom tat - Dong dat 1a mot trong nhivng tham hoa thién nhién khiing
khiép nhat déi v&i nhan loai ma cho dén nay khoa hoc ky thuat
dwong dai van chwa dw bao chinh xac thoi diém va dia diém xay
ra. Hién nay, dong dét va tinh toan cong trinh xay dwng chiu tai
trong déng dét la chu dé dwoc nhiéu tac gia quan tam ‘nghién ctru.
Tuy nhién, khi tinh toan déng dét tac dung lén két cau khung bé
téng cbt thép thi hdu nhw ching ta bd qua sy 1am viéc déng thoi
clia twong ngan bao che. Trong ndi dung bai bao nay, tac gia
nghién ctru (rng xt cla két cAu khung bé téng cbt thép chiu tai
trong déng dat trong trwng hop c6 xét va khong cé xét dén sy lam
viéc ddng thoi clia twdng ngan bao che, va xét trwong hop twong
c6 duc 16. K&t qua clia bai bao gidp cho viéc danh gia chinh xac
mlrc d6 anh hudng clia dong dat dén két cAu khung bé tong cét
thép trong cac céng trinh xay dwng.

Tir khoéa - dong dat; twéng ngén; phé phan (rng; khung bé tong cbt
thép; mod hinh tinh toan.

1. Pat vin dé

Pong dit 1a mot trong nhirng tham hoa thién nhién
khing khiép nhat ddi v6i nhan loai ma cho dén nay khoa
hoc k¥ thuat duong dai van chua du bao chinh xac thoi
diém va dia diém xay ra. Hién nay & nudc ta, cong trinh sir
dung két ciu khung bé tong cbt thép (BTCT) chiém da s6;
tuy nhién trong tinh toan hién nay, chi xem tuong xay chén
trong khung 1 tai trong, bo qua do cimg [3, 6]. Piéu nay
chua phan anh diing Gng x0r that cia cong trinh. Do vy,
noi dung bai bao dénh gia anh huong ctia dong dat dén két
ciu khung bé tong cdt thép co xét dén sy lam viée cta
tuong ngan bao che 1a rit can thiét.

Khung c6 tudng xdy chén do Polyakov dat nén tang
nghién ctru tir nam 1960 [7] va tiép tuc dugc nghién ctry, hoan
thién cho dén ngay nay. Mbi nghién ctru déu c6 mot hudng
tlep canva quan diém giai quyet riéng. Chang han, quan niém
thay thé khdi xdy bang mé hinh cac 10 xo [8, 12, 16]; mé hinh
thanh chéng chiu nén [7, 8, 11, 12, 18]; mé hinh phan tir hitu
han (PTHH) [1, 9, 10, 13]; ... Trong ndi dung bai bao nay, tdc
gia img dung phuong phap PTHH dé mo hinh va xét anh
huéng cia tudng ngin bao che trong két cau khung BTCT
chiu tai trong dong dét trong phan mém ETABS v9.2.0.

Dong dat va tinh todn cong trinh chiu tai trong dong dat
1a chii dé duoc nhiéu tac gia quan tam nghién ctru. Két qua
nghién ciru dong dat dugc thé hién trong cac cong trinh
nghién ciru ciia mot sO tac gia trong VA ngoai nudc [2 14,
15]. Bén canh do, mdi nude déu ban hanh céc tiéu chuin tinh
dong dat riéng, xuét phat tir chién lugc phat trién kinh té xa
hoi ciing nhur co s& vat chat ky thuat ciia nuéc minh.

Hién nay, theo Tiéu chuin Qudc gia TCVN 9386:2012
duoc ban hanh trén co s¢ chip nhan Eurocode 8, tiy thudc
dang két cau, cAp cong trinh xay dung, vi tri phan ving dong
dat phu hop vai dic diém va quy mé cong trinh cu thé, ching

Abstract - Earthquakes are one of the most devastating natural
disasters ever faced by humans. Up to now, scientists have not
accurately predicted location and time of an earthquake’s occurence.
Currently, earthquakes and analyzing buildings subjected to
earthquake loads are subjects of interest. However, the enclosure
walls are almost removed when considering an earthquake load that
affects the concrete frame structure. This paper investigates the
behavior of concrete frame structures that are subjected to
earthquake loads. The first case study includes the simultaneous
operation of enclosure walls and the other case removes this factor.
The author also considers the behavior of reinforced concrete frame
structures when the enclosure walls are perforated. The
experimental results may accurately assess the impact of
earthquakes on the structure of concrete frames in buildings.

Key words - earthquakes; walls; spectral response; concrete
frame; computational models.

ta c6 thé tinh toan dong dét bang cac phuong phap tinh luc
ngang tuong duong, phuong phap phén tich phd phan tng
nhiéu dang dao dong, phuong phép lich sir thoi gian, .. - [4].
Trong ndi dung bai bao, tac gia sir dung phuong phap pho
phan @ng nhiéu dang dao dong dé tinh toan dong dt.
Phuong phap nay cho két qua tinh toan v&i d6 chinh xac cao
Vi ¢o xeét dén nhiéu thanh phan tham gia dao dong voi gia
thiét rang ndi Iyc va chuyén vi do dong dt gy ra dugc ude
luong bang cach két hop cac phan tng cua cac dang dao
dong chinh riéng biét.

Céc budc tinh toan cong trinh chiu tai trong dong dat
bang phuong phap phd phan tng theo TCVN 9386:2012.

* Bude 1: Xac dinh diéu kién ap dung (c6 thé ap dung
cho tat ca céc loai cong trinh).

* Budre 2: Xac dinh chu ky dao dong riéng ctia cong trinh.

* Bude 3: Xac dinh s dang dao dong can xét theo phuong
phap pho phan tmg nhiéu dang dao dong. Cac dang dao dong
g6p phan dang ke vao phan tmg tong thé cta cong trinh phai
duoc xét dén; néu thoa méan mot trong hai truong hop sau:

- Tatca cac dang dao dong c6 trong luong hiru hiéu lon
hon 5% cua téng trong lwong cua két ciu;

- Tong cac trong lugng hitu hi€u cua cac dang dao dong
dugc xét dén chiém it nhat 90% tdng trong lwong cua két
céu. Trong luong hiru hiéu tng véi dang dao dong thir i
duoc xac dinh nhu sau:

w="- )

Trong do:
-n : Tong s béc ty do (s6 ting);
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- Xij: Gia tri chuyén vi clia cong trinh tai diém dit trong
lugng thir j ctia dang dao dong thi i;

- Wi: Trong lugng tap trung tai tang thir j ciia cong trinh.

* Buéce 4: Xac dinh phd phan tmg khong thir nguyén
S, (T,) ung voi ting dang dao dong (i: dang dao dong riéng
thar i twong Ung).

* Bude 5: Xac dinh lyc cat day tai chan cong trinh.

* Buée 6: Phan phdi luc cit day cho cac tang.

* Bude 7: Té hop cac dang dao dong. C6 2 phuong
phap t6 hop: Lay can béc hai cac tong binh phuong SRSS
hodc phuong phap cong cac gia tri tuyét doi ABSSUM.

2. Két qua nghién ctru va khao sat

Dé danh gia anh huong cua dong dét dén két cau cong
trinh xay dung chiu dong dat c6 xét dén sy lam viéc cta
tuong ngan bao che, tac gia khao sat cong trinh chung cu
xdy dung tai huyén Bac Tra My, tinh Quang Nam, giai

phap két cAu bé tong cbt thép 4 ting c6 mat bang két cau
tang dién hinh nhu Hinh 1:

——————p
_—
| IR S S S T S— D
24
& & & & @ & &

Hinh 1. Mdt bang két cdu tang dién hinh cong trinh khao sat
2.1. 86 ligu phén tich
a. Vit liéu
- Bé tong cot thép, bé tong cip bén B20 co:
Wer = 25 (KN/m3); Egr = 27.10% (MPa); ver = 0,2 va cbt
thép doc nhom CII; thép dai nhom CI véi cac dac trung:
Es= 21.10* (MPa); vs=0,3;
- Tuong gach rong day 220 mm c6 Eq= 10* (MPa).
b. Chiéu cao ting
~ Chiéu cao tang dién hinh 3,6 m; khoang cach tir nén nha
den dai mong 1,5 m.
b. Tiét dién
_ San day 10 cm; dam chinh cac truc 1-7 (20x50) cm;
dam phu céc truc A-D (20x35) cm; ¢t (20x45) cm;
d. Tai trong [3, 4, 5, 6]
- Tinh tai do trong luorr}g ban than két cAu: san, dam,
0t, ... khai bao d¢ phan mém ETABS v9.2.0 tu tinh;
- Tinh tai cac 16p cAu tao san (khong tinh phin bé tong):
g=1,1 (kN/m?);
- Tinh tai khdi xay gach rong day 220 mm xay trén dam:
Qiwong = 12,24 KN/m;
- Hoat tai san: san phong ngu p*= 2,4 (kN/m2); san hanh
lang, sanh thang p*= 3,6 (KN/m?);

- Tai trong dong dét [3, 4]:
+ Vi tri cong trinh va gia tdc dinh
Bing 1. Vi tri xdy dung cong trinh va gia toc dinh

Pia danh Toa do (j’la toc
: U dinh agr
Huyén Bic Tra My | Kinhdd | Vido 0.0693
(Quéng Nam) 108,228 | 1534354 | ' °29

+ Loai dat nén du6i chan cong trinh: dét loai B vdi cac
thong so nhu sau:
Bing 2. Logi nén dat duwdi day cong trinh

Cic tham s
Vs,30| Nset (nhét/
(m/s)| 30cm) Cu (Pa)

Loai Mo ta

Dit cét, cudi soi rat chit hoic
dat sét rat ciing c6 bé day it | 360-

nhéit hang chuc mét, tinh chét | 800 | °C

> 250

co hoc tang dén theo do sau.

+ Xay dung phé phan g dan hoi theo phuong ngang
cho dit nén loai B vé&i gia toc nén cuc dai
agr = 0,0693.9,81= 0,68 m/s2 Phd phan tmg dan hdi theo
phuong ngang Se(T) duoc xac dinh nhu sau [4]:

0<T<T5:S.(T) :ag.S.{l+Tl.(n.2,5—l)} )
B
T, <T<T.:S,(T)=a,Sn25 ©))
T.<T<T,:S,(T)=a, snzs[TT} 4)
T sTs4s:Se(T):ag.s.n.z,s.{TcT'zTD} ®)
Trong do:

- Se(T): Ky hiéu phd phan (mg dan hoi;

- T: Chu ky dao dong cua hé tuyén tinh mét bac tu do;

- ag: Gia tbc nén thiét ké trén nén loai A (ag = y. agr);

- n: Hé s6 diéu chinh d6 can véi gia tri = 1 va do can
nhét 5%;

- Ts: Gioi han dudi cua chu ky (doan niam ngang cta
pho phan tng);

- Tc: Gid6i han trén cua chu ky (doan ndm ngang cia
pho phan ung);

- To: Gia tri xdc dinh diém bﬂét dau ciia phan phan tng
dich chuyén khéng doi trong pho phan tng;

-S:Hé sb nén;

- Te; Tc; To va hé s6 nén S mo ta dang phd phan img
dan hoi phu thudce vao loai nén dat xac dinh theo [4].

Bing 3. Phé phan img din héi

0<ST<Te (0ST<0,15)] Te<T<Tc(0,15<T<0,5)
T Se(T) T Se(T)
0 0,0832 0.2 0,2079

0,1 0,1663 04 0,2079

0,15 0,2079 05 0,2079
Tc<T<Tp(0,5<T<2) To<T<4s (2<T<4)
T Se(T) T Se(T)

06 0,1733 25 0,0333
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0,8 0,1299 3 0,0231
1 0,1040 4 0,0130
1,5 0,0693
2 0,0520

_Tién hanh khai béo phd phan tmg dan hoi vao phan
mém ETABS v9.2.0 [13].
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Hinh 2. Két qua khai bdo dwong phé dong ddt trong
phan mém ETABS v9.2.0
2.2. Cac trwong hop phdn tich
2.2.1. Truong hop 1: M6 hinh cong trinh khong xét dén sy
lam viéc cua tudng ngan bao che (chi gan tai trong tudng
tac dung 1én dam, bo qua do cing tuong) [13]

B Plan View - STORY4 - Elevation 128 o e ] | B30 View Sal=

Hinh 3. M6 hinh céng trinh khong xét‘dé'n sw lam viéc ciia
tuwong ngan bao che trong phan mém ETABS v9.2.0
2.2.2. Triwong hop 2: Mb hinh cong trinh c6 xét dén sy 1am

viéc cta turong ngén bao che [10, 13]

St dung mé hinh theo phuong phap PTHH [1, 9, 10,
13] véi cac gia thiet:

- Vit liéu 12 ddng nhét, ding hudng;

- Bién dang nho;

- Luc ma sat xuét hién tai vung tiép xuc tudn theo quy
Iuat Coulomb;

- Xem khung 13 phan tir thanh (frame), tuong 1a phan tir
tam (area c6 mo-dun dan hoéi Eg), bé qua ma sat giita bé
mat tiép xuc thi co thé thay thé cac phéan tir tam tiep giap
gitta khung va tuong xay chén bang thanh lién két twong
duong chiu nén 1y tudng “gap element”.

2K Plan View - STORYA - Blevation 128 SIE ) 30V

°
250

e pv—

Hinh 4. Mo hinh céng trinh c¢é ;ét dén sw lam viéc cua
tuwong ngan bao che trong phan mém ETABS v9.2.0

Hinh 5. So d6 chia lui phan i tdm (twong) va
thanh lién két twong dwong chiu nén ly tuong [10]
2.2.3. Truong hop 3: Xét truong hop tuong ngan co6 duc
cac 6 cira va mot so6 tang khong c6 tuong [10, 13]

K Plan View - STORYA - Bievation 128 o @ 3 | se0Vew (o8~

Hinh 6. M6 hinh cong trinh trong do tuong co xét dén
cdc 16 cira va mot so tang khong c6 tuong
Phén tich dong dét tac dung 1én cong trinh vdi cac trudng
hop 1, 2 va 3 nhu trén. Tién hanh tong hop va danh gia két
qua phan tich chuyén vi, ndi luc d6i véi khung truc 2 (K2).

2.3. Két qua cdc trwong hop phan tich
2.3.1. Két qua chuyén vi, néi luc khung K2 trurong hop 1
(Hinh 7)

* Nhan xét: khi mo hinh khung BTCT chiu dong dat
khong xét dén do cing cua tuong xdy chen thi hé qua
chl}yén vi‘, ndi lyc cia khung phu thudc vao do cling cac
phéan tir dam, C(:jt trong khung BTCT. Céc gia tri chuyén vi,
ndi lyc phan bo déu theo chiéu cao cong trinh.

- Chuyén vi khung ting déu theo chidu cao va dat gia
tri 16n nhat tai dinh;

- M6-men, lug cit trong cot dat ’gié‘tri 16n nhét tai‘ mat
mong; md-men dam cang dudi tai goi dam (ngugc chicu so
voi tai trong thang dung).
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a. Chuyén vi b. Luc cdt c. M6-men

Hinh 7. Ké’t’qud chuyén vi, ngi e khung K2 khi
phan tich dong dat voi truong hop 1 (khong mé hinh tuong)

(mo6-men, luc cat) trong khung chu yéu tap trung tai cac ting
khong co6 tuong. Ngoai ra, tai vi tri cac twong co6 duc 10 thi ndi
luc ciing tang so vdi vi tri cac tuong xay dac khong duc 10.

2.4. Tong hop két qud tinh todn

2.4.1. Két qud chuyén vi khung truc 2

Bdng 4. So sanh c{zuyén vi khung K2 (mm) khi
phan tich dong dat voi cac truong hop 1, 2, 3

2.3.2. Két qua chuyen Vi, ngi luc khung K2 truong hop 2

i Bectontis -1 Memet Suge 10X EIELE] .a.,..‘-vVJ Sewiocetilogem 020 Siea ;n.ﬁv-.uhnulq-m (=)

a. Chuyén vi b. Luec cdt ¢. M6-men
Hinh 8.,Ké’t qua chuyén vi, ngi luc khung K2 khi phan tich
dong dat véi truong hop 2 (md hinh c6 xét den sy lam viée

cua twong xay chen)

* Nhan xét: khi m6 hinh khung BTCT chiu dong dit
c6 xét dén do cing cia tuong xay chén thi ¢6 sy phan bo
lai d6 cung trong khung BTCT dang ké. Khi do:

- Chuyén vi ngang cua khung giam dang ké;

- M6-men, luc cit trong dim va cot giam di dang ké va
chu yéu tap trung tai chan cong trinh.

2.3.3. Két qua chuyén vi, ndi liwc trueong hop 3

TR et 1
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b. Luc cdt c. M6-men

a. Chuyén Vi
Hinh 9. Két qud chuyén vi, ngi e khung K2 khi phan tich
dong dat véi truong hop 3 (md hinh tuwong ¢é o cira)
* Nhén xét: khi m6 hinh khung BTCT chiu dong dat xét
dén do cimg ciia tudng xay chén trudng hop tudng co duc 16
va mot s6 tang khong phan bd tudng thi chuyén vi, ndi luc

Téng TH1 TH2 TH3 So sanh So sanh
(1) (2) (3) (Hva(2) | (va(3)
Mai (5)| 3,7 1,0 1,7 270% 70%
4 3,3 0,9 1,7 266,67% | 88,89%
3 2,5 0,8 1,6 212,5% 100%
2 14 0,7 0,5 100% 28,57%
1 0,3 0,5 0,4 40% 20%
5
4
£3
= —e—TH1
—— TH2
2 A TH3
1

0o o5 1 15 2 25 3 35 4

Chuyén vi (mm)

Hinh 10. Chuyén vi khung K2 (mm) khi phdn tich dong ddt
Vvoi cdc truong hop 1, 2, 3
* Nhan xét: truong hop mo hinh khung BTCT chiu tai
trong dong dat co xét dén sy lam viéc cua tuong ngan bao
che lam cho chuyén vi khung giam di dang ké (c6 thé chénh
l1éch dén 270%).
2.4.2. Két qua luc cdt trong cét truc C khung K2

s A
4 A
o0
« 3 A
—0—TH1
—m—TH2
A—TH3
2 A

LT

0 2 4 6 8 10 12 14 16 18 20 22 24
Luec cit Q (kN)

Hinh 11. Luec cdt trong cér khung K2 (kN) khi
phdn tich déng dat voi cac truong hop 1, 2, 3

Bing 5. So sanh lye cdt trong cét truc C khung K2 (kN) khi
phdn tich déng dat voi cac trieong hop 1, 2, 3

Ting | THL | TH2 [ TH3 [ Sosnh [ Sosinh
1) 2 (3) LHva(2) | (2va(3)

Mai (5)] 213 | 079 | 047 | 6291% | 4051%
4 [ 395 | 135 | 255 | 6582% | 88,89%
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3 5,4 1,8 7,35 66,67% 308,33%
2 6,14 2,55 1,6 58,47% 37,25%
1 6,28 21,77 14,87 246,66% | 31,69%

* Nhén xét: truong hop mé hinh khung BTCT chiu tai
trong dong dat c6 xet dén sy lam viéc cua tuong ngan bao
che 1am cho lyc cit cot khung ting 1én dang ké (c6 thé
chénh léch dén 250%).

2.4.3. Két qua mb-men trong ¢t truc C khung K2

Bdng 6. So sdnh md-men trong cot truc C khung K2 (kN.m) khi
phan tich dong dat voi cac truong hop 1, 2, 3

Tfmg TH1 TH2 TH3 So sanh So sanh
1) (2) (3) BHva@2) | va(3)
Mai (5)| 3,286 0,68 0,377 62,91% 40,51%
4 6,624 | 1,122 2,993 65,82% 88,89%
3 9,433 1,479 13,32 66,67% 308,33%
2 9,243 | 3,671 2,486 58,47% 37,25%
1 11,358 | 23,829 | 16,347 | 100,66% | 31,69%
5 A
4 A
AUEER N
—@—TH1

TH2
A—TH3

. N~

0 2 4 6 8 10 12 14 16 18 20 22 24
M6 men M (KN.m)

Hinh 12. M6-men trong cgt khung K6 (kN.m) khi
phadn tich déng dat voi cac truong hop 1, 2, 3
* Nhén xét: truong hop md hinh khung BTCT chiu tai
trong dong dat c6 xét dén su lam viéc cuia tuong ngin bao
che 1am cho mé-men cot khung ting 1én dang ké (co thé
chénh 1éch dén 100%).

3. Ban luén

Hé qua ctia dong dat dén két ciu khung bé tong cbt thép
cong trinh xay dung dugc phan anh nhu sau:

- Chuyén vj tang dan theo chiéu cao cong trinh va dat gia
tri 16n nhat d6i voi phan két cau tai dinh (xem Hinh 7, 8, 9).

- Chuyén vi khung khi md hinh c6 twong ngin bao che
(TH2) it hon so v6i khung khi m6 hinh khéng xét tuong
ngdn bao che (TH1) la 270% (xem Bang 4). Trong d6, ndi
lyc (mé-men; luc cat) cot khung truong hop c6 tudng ngan
(TH2) tang dang ké so véi truong hop khong xét tuong
ngén bao che (TH1) (xem Bang 5, 6).

- Khi chiu tai trong dong dét, ndi luc cua khung bé tong
¢bt thép khi mo hinh khong co6 tuong (THI) (Hinh 7) s&
dugc phan déu ra cac tang va dugc giam dan tir thap dén
cao. Trong khi d6, ndi luc trong cong trinh c6 md hinh
tuong ngin bao che (khdi xay gach) chi tip trung & cac tang
c6 tudng bi duc 16 hodc mot s6 cot khong c6 tuong (xét
TH3) (Hinh 8, 9).

4. Két luan

Bai bao da nghién ctru ing dung phuong phap phd phan
(g vao phan tich két cau khung bé tong cbt thép cong trinh
xay dung chiu tai trong dong dét co xét dén sy lam viée dong
thoi cua tuong ngan bao che. Trong pham vi nghién ciru ctia
bai béo, tic gia c6 thé rut ra mot s6 két luan nhu sau:

- Tuong ngin bao che dong vai trd ngan can chuyén vi
ngang cuia khung bé tong ¢t thép khi chiu tai trong dong
dat rat dang ké (truong hop c6 va khong c6 xét dén sy lam
viéc ciia tudng ngan thi chuyén vi khung bé tong cbt thép
khi chiu tai trong dong dat chénh léch dén 270%).

- Tudng ngin bao che trong khung bé tong cdt thép lam cho
ndi lyc khung (M6-men, luc cat) khi chiu tai trong dong dat
phéan bd khong déu. Noi luc (mo men, lyc ct) cha yéu tip trung
tai cac tang O tudng bi duc 16 hodc cac cot khong co tudng.
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