Tap chi Khoa hoc Trirong Pai hoc Can Tho

Tdp 56, Sé 4A (2020): 1-9

Tap chi Khoa hoc Trudng Pai hoc Can Tho
Phan A: Khoa hoc Tu nhién, Cong nghé va Méi trucgng

website: sj.ctu.edu.vn

DOI:10.22144/ctu.jvn.2020.076

NGHIEN CUU PHUONG PHAP CAN BANG LUC CAT DAY TRONG THIET KE
CONG TRINH CHIU TAI TRONG PONG PAT

Trinh Héng Viva Nguyén Vin Linh"
Khoa Ky thudt - Nong nghiép, Phdn hiéu Pai hoc Pa Néng tai Kon Tum- Bgi hoc Pa Nang
*Nowoi chiu trach nhiém vé bai viét: Nguyén Van Linh (email: nvlinh@kontum.udn.vn)

Théong tin chung:
Ngay nhdn bai: 10/03/2020

Ngay nhdn bai sira: 28/04/2020

Ngay duyét dang: 28/08/2020

Title:

A study on the balanced
method of base shear in the
design of structures for
earthquake

Tir khoa:

Cdn bang lyc cdt dday, cong
trinh ¢6 tinh déu dan, dong
ddt, phuwong phdp phé phan
ung dang dao dong, phuong
phap tinh lyc ngang twong
duwong

Keywords:

Earthquake, lateral force
method, regular buildings,
response spectrum method,
scale factor basy sheer

ABSTRACT

The assessment of the degree of safety in seismic force calculation in
designing high-rise buildings has not been mentioned in previous studies
and in current standard TCVN 9386:2012 (Vietnam Institute For Building
Science And Technology, 2012) which is applied for regular and irregular
buildings. In normal cases, the base shear calculated by lateral force
method is higher than the one calculated by response spectrum method.
Therefore, it is necessary to determine the more efective and safer method.
The article is aimed to propose the base shear balance between two
earthquake calculation methods, namely lateral force method and
response spectrum method according to ASCE 7-10 (American Society of
Civil Engineers, 2010) in order to more accurately simulate the working
of the structure while ensuring the structure working safely and saving
materials.

TOM TAT

Viéc danh gia mire @6 an todn cia cdc phwong phdp tinh lwc déng dat
trong thiét ké két cau nha cao tang chira dwoc dé cdp trong tiéu chudn
hién hanh TCVN 9386:2012 cua Viét Nam (Vién KHCN Xdy dung, 2012)
cting nhw cac nghién cvuu da co truoc day. TCVN 9386:2012 (Vien KHCN
Xdy dung, 2012) ciing chi dwa ra cdc truong hop dp dung cho cac cong
trinh cé tinh déu dan va khéng déu dan. Thong thieong lwc cdt day tinh
theo phirong phap tinh lyc ngang tuwong dwong sé co gia tri lon hon so voi
liee cdt day tinh theo phicong phdp phé phan vmg dang dao déng. Do do,

viéc danh gid phwong phdp nao mang lai hiéu quda va an toan cho két cau
can dwoc xem xét va lam ro.Bai bdo ndy nham dwa ra kién nghi cho viéc
cdn bang luc cdt ddy cong trinh giita hai phiong phdp thue hanh tinh
todn déng dat la phuong phdp tinh luc ngang twong dwong va phuwong
phdp phé phan vmg dang dao déng theo chi dan cia tiéu chuan ASCE 7-
10 (American Society of Civil Engineers, 2010) dé mé phong chinh xdc
hon s lam viéc cia két cau ma van dam bdo két cdu lam viéc an toan va
tiét kiém vat liéu.

Trich dan: Trinh H’(‘Sng’ Vi va Nguyén Van Linh, 2020. Nghién ctru phuong phép cén bang luc ‘cét day
trong thi€t k& cong trinh chiu tai trong ddng dat. Tap chi Khoa hoc Truong Pai hoc Can Tho.

56(4A): 1-9.
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1 PAT VAN PE

Trong thuc hanh tinh toan thiét ké két ciu nha
cao tang chiu dong dét & nudc ta, cac ky su két cau
dya trén tiéu chuan Viét Nam TCVN 9386:2012
(Vién KHCN Xay dyng, 2012) va mot s6 két qua
nghién ctru trude day (David Key, 1997; Nguyén Lé
Ninh, 2007; Nguyén Hoang Anh va Nguyén Dai
Minh, 2008) dé phan tich tinh toan luc dong dat 1én
cong trinh. Theo d6, hai phuong phap thuc hanh
duoc dé nghi st dung 1a phwong phép tinh lyc ngang
trong dwong va phwong phap phd phan ng dang
dao dong. Tuy nhién, viéc danh gia phuong phap
nao mang lai Sy an toan cho két cdu ciing nhu 1a tiét
kiém vat liéu cho cong trinh chua dugc dé cap trong
tiéu chudn va cac nghién ciru, do do gy khé khin
cho cac k¥ su thiét ké két cau trong viéc lya chon
phuong phap tinh va danh gia mirc d¢ an toan ma
phuong phap minh st dung khi thiét ké cac cong
trinh c6 xét toi tai trong dong dat.

Mot s6 nghién ctru trude day (David Key, 1997;
Nguyén Lé Ninh, 2007; Nguyén Hoang Anh va
Nguyén Pai Minh, 2008) chi dirng lai & viéc dé cap
dén ung xir cua két cau vai timg phuong phap trén.
Ngay ca tai liéu quy chuan vé thiét ké cong trinh
dong dat BS EN 1998-1 (British Standard
Institution, 2004) ciing chwa dwa ra danh gia vé viéc
ap dung phuong phap nao 14 mang lai tinh an toan
va hiéu qua.

Vi vay, nghién ctru nay sé tién hanh cén bang luc
cit day cong trinh cao tang dua trén tham khao chi
dan cua tiéu chuan ASCE 7-10 (American Society
of Civil Engineers, 2010).Ttr do, nghién ctru dua ra
kién nghi can can bang lyc cit day cong trinh dua
trén phan mém phan tich tinh toan két ciu Etabs khi
thiét ké cac cong trinh co xét téi tai trong dong dat.

2 COSOLY THUYET

2.1 Phuwong phap tinh luec ngang twong
duong

Phuong phap phén tich nay c6 thé ap dung cho
cac cong trinh ma phan ung ctia né khong chiu anh
hudng dang ké boi cac dang dao dong bac cao hon
dang dao dong co ban trong mdi phuong chinh.

Yéu ciu trén duogc xem la thoa man néu két
ciu nha dap ung duoc ca hai diéu kién sau:

Co6 cac chu ky dao dong co ban Ti theo hai
hudng chinh nhoé hon cac gia tri sau:

4T¢
T <
2,0s
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Trong d6: T, cho trong bang 5 cua tiéu chuén
TCVN 9386-2012 (Vién KHCN Xay dung, 2012).

Thoa mén nhimg tiéu chi vé tinh déu dan theo
mat duang:

Tat ca cac hé két cAu chiu tai trong ngang nhur
161, twong hogc khung, phai lién tuc tr mong téi mai
ctia nha hodc téi dinh cuia viing c6 giat cip cta nha
néu co giat Cép tai cac do cao khac nhau.

Ca d6 cang ngang lan khdi lugng cua cac tang
riéng & phai gitr nguyén khong doi hoac giam tir tir,
khong thay d6i dot ngot tir mong toi dinh nha dang
xét.

Trong cac nha khung, ty sé gitra d6 bén thyc té
va d6 bén yéu cau theo tinh toan cuia ting khong
dugc thay doi mot cach khong can xing giita cac
tang lién ke.

Theo mdi phuong nim ngang dugc phan tich,
luc cat day dong dat F, phai duoc xac dinh theo biéu
thuc sau:

Fo = Sq (Tl) .m.A
Trong do:
Sa (T1) 14 tung d6 cua pho thiét ké tai chu ky T:

Di véi cac thanh phan nam ngang cua tac dong
dong dat, pho thiet k€ Sd(T) dugc xac dinh bang cac
biéu thuc sau:

TB <T STC Sd (I'):ag.S.z’s
q

o< <Tg 154 -sgs| 2L (25-2)

Sj.m;
F=Rs — —
>'s jmj
Trong do:
Fi 14 Iuc ngang tac dung tai tang thir i;
Fp 1 luc cat day do dong dét tinh theo;
si, sj lan luot 1a chuyén vi caa cac khdi lugng.
TeT
~ags.22.C°D
Tp <T:S4(T) q T
> ﬂ.ag

2,5 Tc
i :ag.s. M
2 Bag
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Trong d6:

ag 12 gia toc nén thiét ké trén nén loai A (ag = yl.
ag R);

_Ts la gidi hanqduc’yi cua chu ky, ung vai doan
nam ngang ctia pho phan tng gia toc;

Tc 1a gi6i han trén cta chu ky, ing véi doan nam
ngang cua pho phan ung gia toc;

To la gié tri xéc dinh diém bat dau cua phan phan
ung dich chuyén khong doéi trong pho phan ang;

S 1a hé s6 nén;

S4(T) 1a pho thiét ké;

q 1a hé s6 tng xr;

B 13 hé s6 ung véi can dudi cuia pho thiét ké theo
phuong nam ngang,  =0,2.

T: 1a chu ky dao ddng co ban cua nha do chuyén
dong ngang theo phuong dang xét;

m 14 tong khéi lugng ciia nha ¢ trén moéng hoic
o trén dinh cta phan cing phia dudi.

A 14 hé s6 hiéu chinh, liy nhu sau:

A= 0,85 néu T1< 2. Tc v6i nha c6 trén 2 tang hoic
A = 1,0 véi cac truong hop khac.

Chu thich: Hé s6 A tinh dén thuc té 1a trong cac
nha c6 it nhat 3 ting va 3 bac tu do theo mdi phuwong
nam ngang, khdi lwong hitu hiéu cua dang dao dong
co ban 14 trung binh nho hon 15 % so véi tong khoi
lugng nha.

Dé xac dinh chu ky dao dong co ban T; cia nha,
¢6 thé sir dung cac biéu thirc caa cac phuong phép
dong luc hoc cong trinh (vi du: phuong phap
Rayleigh).

Tac dong dong dat phai dugc xac dinh bang cach
dat cac lyc ngang Fi vao tit ca cac tang ¢ hai mo
hinh phing m; trong dang dao dong co ban; m;, m; 1a
khéi lwong cua cac ting tinh.

Khi dang dao dong co ban dugc Iay gan ding
biang cac chuyén vi nim ngang ting tuyen tinh doc
theo chiéu cao thi luc ngang F; tinh bang:

Ziy.my
F=F——
! FbZZj.mj
Trong d6:

Zi; zj1a d¢ cao cla cac khéi lwgng mi, mj so vai
diém dat tac dong dong dat (mat mong hodc dinh cua
phan cing phia dudi).

Tdp 56, Sé 4A (2020): 1-9

Lyc nam ngang Fi x4c dinh theo didu nay phai
dugc phan bo cho hé ket cau chiu tai ngang voi gia
thiét san cirng trong mat phang caa chung.

2.2 Phwong phap phé phan ing dang dao
dong

Phuong phéap phén tich nay can dugc 4p dung
cho nha khong thoa mén nhiing diéu kién khi tng
dung phuong phap phan tich tinh lyc ngang tuong
duong.

Phai xét téi phan tng cua tat ca cac dang dao
dong gop phan dang ké vao phan ting tong thé cua
nha, tirc 1a thoa man néu dat dugc mot trong hai diéu
kién sau:

— Tong cac khéi lugng hitu hiéu ciia cac dang
dao dong dlrr(_)rcr xét chiém it nhat 90% tong khoi
lwong cua ket cau;

— Tétca cac dang dao dong c6 khé@ lwong htru
hiéu 16n hon 5 % cua tong khoi luvong déu duoc xét
dén.

Chu thich: Khéi lwong hitu hiéu my ing vai dang
dao dong k, dugc xéac dinh sao cho luc cat day Fu,
tac dong theo phuong tac dong cua luc dong dét, co
thé biéu thi dudi dang Fuk = Sa(Ti)mk. Co thé ching
minh rang tong cac khéi lugng hitu hiéu (ddi voi tat
ca cac dang dao dong va ddi véi mot huong cho
trude) 1a bang khéi luong két cau.

Khi sir dung mé hinh khong gian, nhimg diéu
kién trén can dugc kiém tra cho moi phuong can
thiét.

3 MO HINH NGHIEN CUU

Theo khuyén nghi trong tiéu chuan Viét Nam
TCVN 9386-2012 (Vién KHCN Xay dung, 2012),
khi thiét ké cong trinh cao tang thi can wu tién lya
chon phuong 4n két cau theo nguyén tic “déu dan,
dbi xung (hoac gan ddi ximg) va sidu tinh”. Vi thé,
trong pham vi nghién ciru nay sé tién hanh lya chon
1 md hinh cong trinh cao tang tuan theo nguyén tic
trén cho viéc mod phong, phan tich va dua ra cac két
qua nghién cau.

MO hinh cong trinh nghién ctru 1a tdoa nha cao 18
tang, mat bang tang bé tri gan ddi xtmg va khong
ddi cho tat ca cac tang; hé két cau theo phuong dimng
la khung giang (khung két hop vach cing chiu luc)
¢6 cac tiét dién cdu kién cot, dam, san va vach khong
d6i sudt chidu cao cong trinh; hé két cau khung
giang dugc ngam cimg vao dai mong, Hé két cau
khung giang thuong duge cac ki su thiét ké sir dung
cho cac cong trinh cao dudi 40 tang va ciing duoc
khuyén nghi st dung theo tiéu chuin Viét Nam
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TCVN 9386-2012 (Vién KHCN Xay dung, 2012).
Nhur vay, mo hinh két cu nha dam bao déu dan, gan
dbi xtmg va siéu tinh. Mo hinh cong trinh dé tai
nghién clru c6 cac thong so nhu sau:

Thong s6 nha:

— Kich thudc nha: 24x20 (m)

— Sb tang nha: 18 tang

— Chiéu cao tang: 3.4m

— Kich thudéce ¢t gitta: 600x600 (mm)

— Kich thudc ¢t bién: 550x550 (mm)

— Kich thudc cot goc: 500x500 (mm)

— Kich thuéc dam: 300x600 (mm)

— Chiéu day vach: 250 (mm)

— Chiéu day san: 140 (mm)

Vit liéu:

— Bé tong ding cho dim san: B30

— BEé tong dung cho cft vach: B40
Cot thép chu: CB400-V
— Cbt thép dai: CB-300-T
Tai trong:

Tdp 56, Sé 4A (2020): 1-9

_ — DL “Dead load”: Trong luong ban thén két
cau ( Phan mém ty tinh toan).

— SDL “Supper dead load”: Trong luong cac
16p cau tao san va hé thong treo ME. Gia tri khai bao
1.15 KN/m2

— SWL “Supper wall load”: Tai trong tuong

xdy bang gach, vach kich ....Tuong 200 liy 11.42
kN/m.

— LL “Live load”: Theo TCVN 2737-1995
bang 3, lay 2kN/m2 cho san tang va 0.75 kN/m2 cho
san mai..

— EX: Pong dét theo phwong X “Xac dinh
theo phuong phép tinh lyc ngang twong duong”. Ty
dong bang Etabs.

— EY: Pong dit theo phwong Y “Xac dinh theo
phuong phap tinh lyc ngang twong dwong”. Tu dong
bang Etabs.

— EX-SPEC: Pong dat theo phuong X “Xéc
dinh theo phuong phap phé phan tng dang dao
dong”. Tu dong bang Etabs.

— EY SPEC: Dong dét theo phuong Y “Xac
dinh theo phuong phap pho phan ung dang dao
doéng”. Tu dong bang Etabs.

Hinh 1: Mt bing kich thuéc cong trinh
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Hinh 2: M hinh khéng gian két ciu céng trinh trén Etabs

4 KET QUA VA THAO LUAN
4.1 Két qua phan tich khi chwa can bing
luc cat day

Nhén xét:

Do 16n lyc cét day tinh theo phuong phép tinh
luc ngang twong dwong tir ddy mong dén do cao 2/3
chiéu cao cong trinh ¢6 tri 16n hon nhiéu so vai do
I6n lyc cit day theo phwong phap phd phan tng
dang dao dong. Nguoc lai d6 1on lyc cit day cac ting
& Vi tri tir 2/3 chiéu cao cong trinh dén mai theo
phuong phap pho phan ing dang dao dong lai co xu

hudng 16n hon so voi phuong phap tinh luc ngang
twong duong.

Viéc lya chon phuong phap tinh nao cho thiét ké
dong dat nham dam bao sy an toan cho cong trinh
can dugce xem xét va can nhic. Mat khéc, chung ta
¢6 thé can bang gi4 tri gitta hai phuong phap nay dé
dé xuat mot phuong phap khac thay thé, trong dé
cac gia tri thién vé trung binh ma van dam bao an
toan cho két cau.

Vi vdy, nghién ciru nay s& can bang luc cit day
cong trinh dya trén két qua luc tinh va dong véi tham
chiéu 14 tiéu chuan ASCE 7-10 (American Society
of Civil Engineers, 2010)

LU'C CAT CAC TANG THEO PHUO'NG X

(]
60
55 .-

50
40

30

CHIEU CAD NHA

20

10

LT CAT

Hinh 3: Biéu d6 phan bd luc ting theo phwong X
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LU'C CAT CAC TANG THED PHUONG Y

CHIEU CAD NHA

0 50 100

0 200
LUFC CAT
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250 300

Hinh 4: Biéu d6 phan bé lyc ting theo phuwong Y

4.2 Phwong phap cin bang luc cat day
4.2.1 Co sé Iy thuyét dé can bang luc cdt day
cong trinh

Muc 12.9.4.1. Scaling of Force trang 94 cta tiéu
chuan ASCE 7-10 (American Society of Civil
Engineers, 2010) dé cap dén viéc khuyén nghi cho
cac k¥ su két cAu trong viéc thiét ké cac cong trinh
trong ving dong dat nén can bang luc cit day cong
trinh sao cho luc cit day theo phuong phap phd dang
dao dong phai it nhat Ién hon hodc bang 85% luc cét
ngang theo phuong phap tinh lyc ngang tuong
duong (ttrc 1a lyc dong phai it nhat bang 85% luc
tinh do dong dit gy ra cho cong trinh dang xét).
Trong bai bao nay dua trén khuyén nghi trén, nham
dam bao thién vé an toan cho két ciu khi co dong
dat xay ra, nghién ctru s& can bang luc cit day theo
phuong phip dong bang 95% luc cit diy theo
phuong phap tinh lyc ngang tuong duong.

4.2.2 Phwong thirc cdn bang

Str dung cong thirc can bang sau: g/RI
Trong do6:
g: Gia téc trong treong (9.81 m/s2=9810 mm/s?);

R: Hé s6 can bang tham khao UBC 97- Table16-
N;

I: Hé s6 tam quan trong cong trinh.

Céch khai bao hé sé nay vao Etabs: trén menu
bar chon Define chon Load cases

41 Load Case Data

General

Load Case Name sPECH Desian.

Load Case Type (Response Spectnm v [ hotes. |

Exclude Objects in this Group Not Applicable

Mass Source Previous (MsSrct)

Loads Applied
Load Type Load Name Function Scale Factor i
Acceleration Ut UBCY
Delete

[T Advances d

Other Parameters
Modal Load Case
Modal Combination Method

[] Include Figid Responss

Directional Combination Type RS

Modal Damping Constant at 0.05 Modify/Show

i 2
II ‘ L]

Diaphragm Eccentricty | 0for Al Diaphragms Mody/Show

Hinh 5: khai bao hé sé Scale factor

4.3 Két qua phan tich khi cin bing luc cit
day

Nhén xét:

Do 16n lyc cit day sau khi can bang (dudng mau
vang) cho két qua bao quat va thién vé an toan khi
sir dung phuong phap phd phan tng dang dao dong
tir 2/3 chiéu cao cong trinh tré xubng. Pdng thoi
thién vé an toan khi sir dung phuong phap tinh luc
ngang tuong duong cho 1/3 chiéu cao cong trinh
phia trén.
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Do 16n lyc cit day sau khi can bét]g cho gié tri
trung gian gitta 2 phuong phap ban dau khi xét tur

chén cong trinh t6i d6 cao 2/3 chiéu cao cia nd. Mit phwong phap ban dau.

65

6o

55

50

35

25

20

15

10

4.4 Két qua phan tich chuyén vi Driff khi
cin bang luc cat day

Nhén xét:

CHIEU CAO NHA

CHIEU CAO NHA

LU'C CAT CAC TANG THEO PHU'ONG X

%

50 100 150 . 200 250
LUC CAT

Hinh 6: Biéu dd phén bd luc cit ting theo phwong X

LU'C CAT CAC TANG THEO PHUONG Y

LU'C CAT

Hinh 7: Biéu dé phan bd lyc cit ting theo phwong Y

@
@
”
®;
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khac, khi xét tir 1/3 chiéu cao cong trinh trd 1én thi
d6 lon luc cat day khi can bang lai Ion hon ca 2

s0 vdi phuong phép tinh lyc ngang tuong duong, do

d6 dé thoa man diéu kign veé driff doi véi nha cao
tang (mot trong nhiing yeu t6 quan trong khi kiem
tra on dinh tong thé cong trinh v&i nha cao tang).

Chuyén vi léch tang driff d6i v6i luc dong dat
sau khi cén bang luc cat day sé& cho gia tri nho hon
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=——FX —@—EX-SPEC

—@—EX SPEC CAN BANG

3 - 5

Hinh 8: Chuyén vi ting Driff theo phwong X

—+—EY —@—EY-SPEC

3 4 5
—8—EY SPEC CAN BANG

Hinh 9: Chuyén vi ting Driff theo phwong Y

5 KET LUAN

Qua két qua phan tich can bang lyc cit day cho
2 phuong phép tinh luc ngang twong duong va phd
phan tng dang dao dong cho cong trinh cao tang c6
tinh déu dan, gan ddi xing va siéu tinh, nghién ctru
c6 mot s6 nhan xét va dé xuét sau:

— Phan bd lyc cit day 1én cac tang tir chan cong
trinh dén 2/3 chiéu cao cong trinh sau khi can bang
s€ cho gia tri nho hon so véi khi tinh toan theo
phuong phap tinh lyc ngang tuong duong va 16n hon
phuong phap phé phan ung dang dao dong. Piéu d6
lam thiét ké két cau theo phuong phap cén bang
mang lai tinh an toan va tiét kiém hon so v&i phuong
phép tinh luc ngang twong duong.
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— Chuyén vi driff sinh ra sau khi can bang nho
hon nhiéu so véi phuong phép tinh Iyc ngang tuong
duong va 16n hon so vdi phuong phap pho phan tng
dang dao dong. Diéu do gitp cong trinh dé thoa man
hon dugc cac yéu cau khat khe vé chuyén vi va
chuyén vi léch tang qui dinh trong céc tiéu chuan
thiét ké nha cao tang, tir do, co thé tdi wu duoc tiét
dién ma van dam bao yéu cau két cdu cong trinh bén
viing.

Tir hai nhan xét trén, nghién ctu kién nghi can
phai can bang lyc cit day trong thiét ké két cau chiu
tai trong dong dat d6i véi truong hop cong trinh c¢6
dang déu dan, gan d6i xtmg va si€u tinh dé téi wu
vat liéu va kinh té. Mat khac, can ¢o nhitng nghién
ctiu cy thé cho cac dang cong trinh cao tang khac
(nhur bat ddi ximg, khong déu din,...) va tién hanh
mo phong thuce nghiém tat ca cac trudng hop dé lam
o s& cho viée tinh toan thanh phan dong dat trong
thiét ké nha cao tang.

Tdp 56, Sé 4A (2020): 1-9
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