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Dw bdo sw thay déi néi lwc trong két cdu khung nha nhiéu tdng déng vai tro
quan trong trong tinh todn thiét ké ciing nhw én dinh céng trinh ddn dung,
ddc biét khi cong trinh chiu tdi trong dong ddt. Dwa trén ly thuyét twong tu,
bai bdo nghién citu dnh hwéng cta kich thwéc hinh hoc dén sw thay doi vé
noi lyc trong mé hinh khung nha nhiéu tdng chiu tdi trong déng dat théng
qua viéc tinh todn vdi cdc so ty 1€ kich thwoc hinh hoc khdc nhau, gitba mé
hinh mé phdng va mé hinh bai todn thwc (nguyén hinh). Két qud nghién ctru
V&i cdc ty Ié kich thuéc khdc nhau ctia cdu kién chiu luc co bdn ctia khung
nha nhiéu tdng (cdt, dam) cho thdy sw sai s vé noi luc giiva cdc mé hinh va
nguyén hinh la twong doi lém, sw sai s6 nay phu thudc vao kich thwéc hinh
hoc ctia mé hinh. Vi vdy, khi xdy dwng mé hinh dé nghién citu ting xir cia két
cdu chiu lwc chinh (két cdu khung) trong nha nha cao tdng cdn ddc biét chii
y dén viéc Iwa chon ty 1€ kich thwdc hinh hoc ctia cdu kién chiu lwc chinh néi
riéng, ciia mé hinh néi chung dé han ché sai s6 giira dai lwong mé hinh va
nguyén hinh.

© 2018 Trwdong Pai hoc Mo - Pia chit. T4t ca cac quyén dwgc bao dam.

1. Mé dau

nghién ctru va ap dung, trong d6 c6 phwong phap
st dung md hinh twong dwong. Uu diém cla

Nghién ctru &ng x co hoc cling nhw dw bao
su thay d6i thanh phan ndi lwc trong két cdu cong
trinh dong vai tro hét sirc quan trong trong viéc
gidi quyét bai todn d6 bén, do 6n dinh cta cong
trinh, dac biét khi cdng trinh chiu tai trong dong
dat. Trong linh viec két ciu nha cao tang, da c6 mot
s6 phwong phap duwgc st dung dé phéan tich,
nghién ctru va tinh toan dinh lwgng sy thay doi
ctia cac thanh phan ndi lwc, chuyén vi cia két ciu.
Hién nay da c6 kha nhiéu phwong phap dwoc

“Tdc gid lién hé
E-mail: dangvanphi@khoaxaydung.edu.vn

phwong phap nay la qua trinh tinh toan don gian
va c6 thé ap dung cho cac loai cong trinh khac
nhau. S&¢ dung phwong phap mé hinh twong
dwong dé nghién ctru tinh todn cong trinh da dwoc
mot sO tac gid trong va ngoai nwdc nghién clru
(bng Van Phi, 2014; V6 Van Thao, 2013; Nguyén
Vo Thong va nnk.,, 2013; Yue, 2008; Moncarz and
Karawinkler, 1981), trong d6 chu yéu tip trung
vao viéc xay dung ly thuyét twong tw, nghién ctiu
anh hwéng cua vat liéu, tai trong va thoi gian tac
dung cta tai trong dén ndi lwc va chuyén vi ctia két
ciu trong mé hinh; cic nghién ctu trén chwa dé
cip nhiéu téi sw anh hwdng ctia kich thuwéc
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hinh hoc dén sy thay d6i ndi lwc trong mé hinh
tinh twong dwong, dac biét khi mé hinh chiu tai
trong dong. D€ phan anh chinh xac rng x& cla
nguyén hinh, cic tham sé cia mé hinh twong
dwong nhw kich thwéc hinh hoc (ty 1é chiéu cao,
kich thwéc tiét dién ciu kién), ching loai vat liéu
phai dwoc tinh todn va lwa chon mét cach phu hop
trwdc khi mo hinh dwoc str dung dé nghién ctu.
Cac mo6 hinh twong dwong thwong dwoc thiét ké
vdi kich thudc hinh hoc va quy mo6 nhé hon véi
nguyén hinh, tuy nhién luén dwa trén nguyén tic
mo phong chinh xac dwgc dang lién két, chung loai
vat liéu st dung, trang thai lam viéc va két ciu cla
cong trinh.

Trong Kk thuit mé hinh hoéa, cac tham sé ty 1é
twong ty dwoc tao thanh béi ty sd nhitng dai
lwong ctia cac bién sd twong tng gitra nguyén hinh
va mo hinh. Goi (s) la ty s6 gitra dai lwong nguyén
hinh (N) trén dai lwong mé hinh (M), phwong
trinh (1) thé hién moi lién hé gitra cac dai lwong
ctiia md hinh va nguyén hinh (V6 Van Thao, 2013).

(N) _ (1)
s)—~=(N)=(s).(M
(s) ) (N)=(s).(M)

Hwéng téi muc tiéu 1am ré dwoc anh huwdng
cda kich thwéc hinh hoc téi sw thay déi cac thanh
phén noi lyc trong khung nha nhiéu tang chiu tai
trong dong, bai bdo st dung nguyén ly cia mo
hinh twong dwong xay dung mo hinh dé nghién
ctu su thay déi cua thanh phan noi lwc rng véi
nhitng gia tri cu thé cta kich thwéc hinh hoc cta
két cdu khung nha nhiéu ting; trong d6 hai ciu
kién chiu lwc chinh cta két cdu khung nha nhiéu
tAng bé tong cot thép la ddm va cot dwoc xem xét.

2. Ly thuyét twong tw va mdi quan hé giira
cac tham sé ty 1€ twong tw

2.1. Co’ sé ly ludn cua ly thuyét twong tw

Trang thai cua doi twong nguyén hinh, mé
hinh va cac hién twong xay ra trong qua trinh ton
tai clia chung la nhitng dac trung vét ly, nhitng
nguyén nhan phat sinh ra cac dac trung vat ly dé
trong ching sé cé cung chung cac dinh luat vat ly
nhw nhau. D6 1a diéu kién twong tw vat ly. Khi do,
nhitng diéu kién twong tw hinh hoc gitra nguyén
hinh v m6 hinh 1a nhitng diéu kién twong tw bat
budc, khi trang thai cia nguyén hinh va mé hinh
phu thudc yéu t6 thoi gian. Néu dam bao dwoc
nhirng diéu kién twong tw do, thi tir nhirng két qua

nhan dwoc trén mo hinh hoan toan cé thé suy ra
cho doi twong nguyén hinh nho cac mai lién hé
khach quan gitta ching v&i nhau.

Cdc dinh ludt cua sw twong tw

- Dinh lu4t thir nhit clia su twong tu: Déi voi
nhitng hién twong twong tw cac chi tiéu twong tw
bang 1, cAc ty s6 khong thitr nguyén cla nhitng
tham s6 c¢6 mang thir nguyén twong rng nao dé
trong nhirng hién twong twong tw 1 bat bién.

- Pinh luat th& hai cha sy twong tu: Mot
phuong trinh ddy dd @ bat biéu dién mot hién
twong hay mot qua trinh vat Iy cin dwoc khdo sat
nao do, dugc viét trong mét hé don vi xac dinh, cd
thé thé hién dwoc thanh mot phwong trinh @’
chtra cac bién s6 khong thir nguyén.

- Binh luét thir ba cla sy twong tu: Piéu kién
can va da dé nhirng hién twong nghién ctru la
twong ty khi ching c6 cung chung mdt phwong
trinh biéu dién trang thai, c6 nhirng diéu kién ban
d4u va nhirng diéu kién bién twong tw véi nhau.

Theo ly thuyét twong tw, quan hé cda cac
tham s6 trén c6 thé dwoc biéu thi dudi dang
phwong trinh vat ly mo ta trang thai lam viéc cta
d6i twong nghién ctru, véi cac tham s6 anh hudng.
Phuong trinh ndy c6 dang téng quat sau (Nguyén
V6 Thong va nnk,, 2013):

o[L,u, p,E, &, F,o.g,av, f,T,E,,t] D

Thong qua cac quan hé thr nguyén cta cac
tham s6, phwong trinh trang thai (2) c6 thé viét lai
dwédi dang (3):

c1>'[E oL

L' E "ELP'E'L’'L EL

F o at® vt f1, En ﬁz)

Tl phwong trinh (3) cac so ty 16 twong tw cia
cac tham sé twong (ng theo cac dinh lut caa sw
twong ty dwoc xac dinh.

Trong d6: u - Chuyén vi, thir nguyén [L]; € -
Bién dang dai tw:ong doi, thr nguyén [L]; E -
Mo6dun dan hoi, thir nguyén [ML1T]; F - Luc tip
trung, thit nguyén [MLT2]; o - Ung sudt, thi
nguyén [ML1T2]; t - Thoi gian, thir nguyén [T]; g -
Gia toc trong trwong, thir nguyén [LT+2]; a - Gia toc
chuyén déng, thi nguyén [LT=]; v - T6c d6 chuyén
dong, tht nguyén [LT]; f - Tan s6 dao dong, thir
nguyén [T]; T - Chu ky, thi nguyén [T]; E,- Nang
lwong, thir nguyén [ML2T?]; V - Thé tich, thi
nguyén [L-3]; m - Khoi lwong, tht nguyén [M]; p -
Khoi lwong riéng, thir nguyén [ML-3].
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2.2. Méi quan hé giira cdc so'ty Ié twong tw

Theo ly thuyét Mé hinh h6a, @€ mé hinh thi
nghiém (mo6 hinh) lam viéc twong tw nhw céng
trinh hodc két ciu thuc (nguyén hinh) thi cac dic
trung lién quan dén mo hinh thi nghiém (vé hinh
hoc, vatliéu, dac truwng co - Iy, dac trung dong hoc,
nang lwong, v.v.) va diéu kién thi nghiém (tai
trong, thoi gian, nhiét dg, v.v.) phai dworc thiét 1ap
trén nguyén ly twong ty vat ly véi nguyén hinh va
diéu kién lam viéc cia mé hinh (két ciu) trong
thuec té. Khi d6, tir nhirng két qua nhin dwoc trén
mo hinh c6 thé suy ra cho nguyén hinh théng qua
cic tham s6 ty 1é twong tw va nguoc lai (V6 Van

Thao, 2013; Yue,
Karawinkler, 1981).

Ly thuyét va cac két qua nghién ctru cho thiy,
cac méi quan hé vé thir nguyén cho cic tham sé
dac trung cia mot déi twong nguyén hinh ton tai
trong tw nhién hodc nhan tao luén c6 thé dwoc
thiét 1ap thong qua mot s6 tham s doc 1ap co ban.
Vé&itreong hop nguyén hinh khao satla cong trinh
hodc két ciu chiu tai trong dong va str dung hé do
lwong quéc té (SI) thi cic mdi quan hé thir nguyén
d6 duoc biéu dién thong qua thir nguyén clia cac
don vi do lwong M (Khéi lwgng), L (D6 dai), T
(Thoi gian) (Vo Van Thao, 2013).

2008; Moncarz and

Bdng 1. M6i quan hé gitra cdc tham sé ty Ié twong tw.

Phuong trinh lién hé gitra cac tham s6 ty 1é twong

Tham s6 ty 1é twong tw o
Ao in A 1ns Ly
Tham s6 ty 1é twong ty do dai s, Sp = I
M
. Tham sé ty 1é twong tw chuyén vi s, Su=SL
l-}Illnh Tham s06 ty 1é twong tw bién dang s. se=1
¢ ITham s6 ty 1€ twong tu dién tich ss S4 =3 Si
" . L
Tham s6 ty 1é twong ty thé tich s, Sy = LTN = s}
M
Tham s6 ty 1é twong tw Poisson s, S, =
A , . Ey
Vat |Tham so ty lé twong tw modun dan hoi sg S = 5
liéu - ; M
" |Tham sé ty 1é twong tw khéi lwgng don vi thé g = _So_3E
tich s, Y vyu s s
X oA ALK g an
Tham s6 ty 1é twong tw lwc phan bo dudng s, q= q_ = S¢S = SESL
M
X oA A LA s an
Tham s6 ty 1é twong tu lwc phan bo mat s, Sq q_ = SgS1, = SESL
M
PUERP A Fy 2
Tham s6 ty 1€ twong tu lwc tap trung sr Sp = 7= SgSi = SgSi
M
PPN A My 3
Tham s6 ty 1€ twrong tw mé men sy Sy = T SgSp = SgSj
M
Moi h 5 1016 o (v. t) V.t Sy-Sy 1 S
\ —_ = (— - =1-s, =—
trudng am so ty 1€ twong tw van toc s, L)y ¢ I Im 5, v =
Lo o a.t? a.t? Sq.SE sy
Tham s6 ty 1é twong tw gia toc s, ( v = ( M = =1l-5s,=—
L L SL St
Tham sé ty 1é twong tw chu ky spva tin s6 sr (FTv=(T)u— spse=1
N2 1A , w GN EN' €N
Tham s6 ty 1é twong tw ng suat s Sg = T TE T Sg-Se
M M-EM
N A o En n SEn 3
Tham sd ty 1é twong tw ning lwong sg, (m)N = (m)M - ——==1- g, =5g.5]
Sg.Sj
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Mot trong nhitng ndi dung co ban cua ly
thuyét twong tw 1a xay dung moi lién hé phu thudc
gitra cic dai lwong & trang thai ban dau va trong
qua trinh 1am viéc gitra d6i twong nguyén hinh va
mo hinh, hay néi cach khac la xac 1ap nhirng tham
s ty 1é twong tw gitra nhitng tham s6 twong rng
ctia nguyén hinh va moé hinh khéo sat. Do d6, moi
lién hé gitra cac so ty 1é twong tw thdng qua sd ty 1é
do6 dai dwoc thé hién trén Bang 1 (Pang Van Phi,
2014; V& Van Thao, 2013; Nguyén Vo Thong va
nnk., 2013).

3. M6 phong va tinh toan ndi lwc cong trinh

Trong phan nay tic gid st dung coéng trinh
(Hinh 1) dé khdo sat, d6i twong nguyén hinh 1a

cOng trinh gbm 16 ting; chiéu cao ting 3,6 m; tiét
dién c6t 500x500 mm; tiét dién dam 200x400
mm; chiéu day san 120 mm. Lan lwgt thay d6i kich
thwéce hinh hoc cia cong trinh, tng v&i cic s ty 1&
hinhhoctits,=1;s.=2;s1=4;5.=6;sy=8vas, =
10 c6 dwgc cac mo hinh tinh toan twong wng.
Nhitng m6 hinh nay dwoc moé phéng va tinh toan
dwa trén phan mém Etabs 9.7.1. Tai trong dong
dat (Hinh 2) dwoc dwa vao tinh toan cho cac mo
hinh 1a gia toc d6 cda trdn dong dat Elcentro
(California, Hoa Ky, nam 1940). Sau do6 st dung
chwong trinh Seismo Artif d€ tao ra pho phan tng
dan hoi cta trin dong dat twong Gmg véi cac tham
sO ty 1é twong tw do dai s.

(1) 2 [ 3 4 5
(€ )—E ) 8]
(o —0d s 1)
(¢)—i ) &
(B8 —I& = ) B £

(a)
(A} —I8 X E (] {F

Hinh 1. M6 hinh céng trinh trén phdn mém Etabs 9.7.1; (a) Mdt bdng céng trinh; (b) M6 hinh 3D céng trinh.
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Hinh 2. Gia téc d6 ctia trdn dong ddt El centro (Gia toc nén A, Thoi gian T).
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Hinh 3. Phd phdn itng dong ddt trng vdi cdc gid tri s, khdc nhau - (a) s, = 1; (b) s, = 6; (¢) sL.= 2;
(d)5.=8; (&) s.= 4 (f) 51~ 10,

45
7 4
W35+ —sL=1
g 3 ——SL=2
2 25 ——S1=4
3 2 e
e ——SL=6
2 15 _
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] ——SL=10
S s o
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Chuky T (s)
Hinh 4. Téng hop phd phdn itng dong ddt ttng vdi cdc gid tri sL.
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Sau khi dwa gia téc d6 Elcentro vao phéan tich
va t6 hop ph6 phan (ng bang chwong trinh
Seismo Artif thu dwoc cac két qua:

+ Ung véi s, = 1, sai s6 12 9,64% véi gia toc
(PGA) trung binh bang 0,344 (g); van tdc (PGV)
trung binh bang 33,345 (cm/s); chuyén vi (PGD)
trung binh bang 0,135 (m).

+Ung véis, = 2,sai s6 9,47 % véi gia toc (PGA)
trung binh bang 1,472 (g); van téc (PGV) trung
binh bang 48,313 (cm/s); chuyén vi (PGD) trung
binh bang 0,329 (m).

+Ung véis, = 4,sai s6 9,52% véi gia toc (PGA)
trung binh bang 0,744 (g); van téc (PGV) trung
binh bang 24,222 (cm/s); chuyén vi (PGD) trung
binh bang 0,169 (m).

+Ung véis, = 6,sai s6 9,34% véi gia tdc (PGA)
trung binh bang 0,508 (g); van tdc (PGV) trung
binh bang 15,881 (cm/s); chuyén vi (PGD) trung
binh bang 0,100 (m).

+Ung véis, =8, sai s69,41% véi gia toc (PGA)
trung binh bang 0,372 (g); van téc (PGV) trung
binh bang 11,919 (cm/s); chuyén vi (PGD) trung
binh bang 0,077 (m).

+ Ung véi s, = 10, sai s6 9,57% véi gia toc
(PGA) trung binh bang 0,290 (g); van tdc (PGV)
trung binh bang 9,796 (cm/s); chuyén vi (PGD)
trung binh bang 0,071 (m).

Dwa vao két qua phan tich va to hop, xay dung
dwoc cac duwong cong ph6 phan rng déng dat
(Hinh 3, Hinh 4); cdng trinh dwoc tinh toan véi cac
gia tri ciia phd dong dit nay dwa trén phan mém
Etabs 9.7.1 twong (rng véi cac gia tri s, két qua vé
ndi lwc dwoc thé hién trén hinh vé (Hinh 5, Hinh 6
va Hinh 7).

+ NOi luc tai vi tri chan c6t C-2 (Hinh 5), sai s6
vé ndi lwc gitra cdc md hinh (s,=2; s;=4) va nguyén
hinh twong doi 16m; mo hinh Gng véi s;=6 c6 sai s6
vé ndi lwc nhé hon 10%; mo hinh ng véi s,=8 véi
sai s6 vé mémen (M) va lyc cat (Q) nhé hon 18%,
riéng luc doc (N) c6 sai s6 nho hon 5%; mo hinh
rng v&i s,=10 c6 sai s6 rat nho vé mémen (M) va
lwc cdt (Q) nhd hon 1%, luc doc (N) sai s6 1a
11,71%.

+ Két qua so sanh ndi lwc trong dam D-1 (Hinh
6, Hinh 7), cho thay sai s6 vé néi luc gitra cic mo
hinh va nguyén hinh déu nhé hon 24%. Vi mo
hinh c6 s,=8 sai s6 nhé hon 10% va m6 hinh cé
s.=4 sai s6 nho hon 5%.

4. Két luan

Bai bdo trinh bay cidc moi lién hé gitra cac
tham s0 ti 1é twong tw thong qua cic quan hé th
nguyén cua cac tham sé trong phwong trinh trang
thai. Két qua nghién ctru cho thiy, néi luc thuc té
cta cong trinh (nguyén hinh) c6 thé dwoc xac dinh
dwa trén cac mo hinh thu nhé (mo6 hinh thi
nghiém) nhan vi cic s6 ty 1é twong ing.
Bai bao trinh bay két qua tinh toan va so sanh gia
ndi lwc tai vi tri cot C-2 va ddm D-1 cia md hinh
cong trinh thuec (s; = 1) va cdc mo hinh cong trinh
thu nho twong ng véi so tilé d6 daila s, = 2; s, =
4,'SL=6,'SL:8V€‘ASL:10.

7000
Nguyén hinh
& 6000 [ SL=2
:. 77 SL=4
o 5000 - e=== SL=6
E EZZ¥] SL=8§
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£ 3000
.E'
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G 1000
0

Mo men M (N.m) Litc cit Q (N)

Noilye
Hinh 5. Anh hwéng cia tham s6 i 1é twong tw dé
dai sL dén néi lyc trong cot.

Lyc doc N (N)
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Mé men M (N.n) LyccitQ (N)

Noi lue
Hinh 6. Anh hwéng clia s6 ti 1é dé dai s, dén ndi
Iwec tai vi tri ddu ddm.
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M6 men M (N.m) LyccitQ (N)

7 Noilye
Hinh 7. Anh hwéng clia s ti 1¢ dé dai s, dén ndi
Iwc tai vi tri giira ddm.
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Két qua cho thay su khac nhau vé sai s6 noi
lwc gitta cac m6 hinh thu nhé va mé hinh céng
trinh thyec. Vi vay, khi nghién ctru xay dung mo
hinh lam thi nghiém thi can lwu y dén viéc thay doi
tham s6 d6 dai s, d€ han ché su sai so giira dai
lrong mo hinh va mé hinh cong trinh thyec.
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ABSTRACT

The influence of geometric scaling model on the changes in internal
forces of high-rise buiding structures subjected to earthquake

Phi Van Dang, Manh Van Nguyen, Duc Van Bui, Nhan Thi Pham
Faculty of Civil Engineering, Hanoi University of Mining and Geology, Vietnam.

Prediction of the changes in internal forces developed in high-rise building structures play a vital role
in structural element design as well as in dealing with stability of super-structures, especially when
subjected to seismic load, earthquake for example. Recently, several methods have been investigated and
proposed heading to examine the behaviour of the super-structures. Among the current methods, full
scale physical exercise provide accurate results, but it costly and take time to achieve a work done; hence
this method is rarely used. Based on the equivalent concept, the use of equivalent physical model has
become common, since this method is low-priced and be able to predict the behaviour of actual structural
well. The paper is also based on the equivalent hypothesis to assess the effects of geometric scaling model
on the changes in internal forces developed in high-rise building structures by conducting a series of
numerical computations, in which two main elements of super-structures were taken into accounts such
as column and beam ratios between simulated model to that of actual model. The obtained results
indicate that there are significant differences in calculated results of smaller numerical models to that of
actual ones. Consequently, care must be paid when investigating the behaviour of super-structures via
small-scale model, even with numerical or physical manners.



