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Tém tit

Tuong gach hay khoi xdy, trong thuc té c6 vai trdo 1am ting do cing ctia két cAu khi chiu tai trong ngang. Tuy
vy, trong thuc tién, cac khoi xay tudng thudng dugc quy d6i thanh ti trong gan vao dim dd. Viéc nay dan dén
chuyén vi, noi luc clia cong trinh tinh dudc sé phan dnh khong diy di su lam viéc thuc ctia cong trinh. Véi cAu
tao truyén thdng dudc xay tir gach, viia; khbi xay 1am viéc nhu mot két cAu truc hudng. Vi thé, st dung mo hinh
truc hudng tuong ducng sé hop ly hon viée st dung ciac md hinh déng huéng, va cé thé dp dung truc tiép vao
mo hinh khung dung d€ thiét ké ctia phan mém SAP2000. Bai bdo nay sé trinh bay cach xay dung md hinh mot
két cdu mang dong nhét, truc huéng, c6 su lam viéc tuong duong vdi tudng gach, va st dung md hinh tuong
duong nay dé khao sat anh hudng clia tudng gach t6i phan tich noi luc va chuyén vi cia khung phang (bé tong
cot thép).

Tir khod: tudng gach; mang truc huéng; PT2D - phan tif dai dién; diéu kién bién tuan hoan; dong nhét héa.

ESTIMATING EFFECTS OF INFILL MASONRIES IN PLANE FRAME USING ORTHOTROPIC MEM-
BRANE MODEL

Abstract

In resisting the lateral loads, there are contributions of brick masonries in the system stiffness. However, the
masonry is only converted to vertical loading acting on the building frame in the design process. Thus, calcu-
lated horizontal displacements of frames and internal forces cannot correctly reflect the real-world behaviors
of structures. The traditional wall, which is built from clay brick and mortar, has the orthotropic behaviour. As
a sequence, the orthotropic model should be more reasonable than the isotropic one. Besides, the former can
be applied directly in design model via the very popular software SAP2000. This paper establishes an homo-
geneous orthotropic membrane model, equivalent to the brick wall, in order to estimate its role in analyse the
reinforced concrete plane frame.

Keywords: brick masonry; orthotropic membrane; RVE - Representative Volume Element; PBC - periodic
boundary condition; homogenization.
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1. Giéi thiéu

Trong cic cong trinh nha ctia (cdc két cdu dang khung), tudng gach 1a dang két ciu thudng xuyén
xuét hién, déng gép vao do ciing tdng thé clia cong trinh. Tuy nhién, vai trd clia tudng xay trong tong
thé do ciing ctia cong trinh con chua dugce ddnh gia ding miic. Céc tiéu chuin va qui dinh vé thiét
ké tuong van dua chii yéu vao céc thi nghiém, md hinh tinh toan la vt liéu dang hudng, khong phu
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hop véi su 1am viéc truc huéng ctia két ciu, dan dén viéc phai st dung qua nhiéu hé sb, hoic phai st
dung nhidu mo hinh cho cic phép phan tich khic nhau. Tuong gach trong nha c6 thé lam viéc theo
hai dang: (a) cac vach ngin chiu tii trong mit phang tudng(tucng tu nhu vach bé tong cdt thép) do
tac dong clia trong ludng va tii trong ngang trong mit phang khung; (b) cdc tudng bao clia cong trinh
chiu udn khi c6 tii trong gio tac dong. V4i hinh dang thong thudng ctia cic khdi xdy tudng, viée xay
dung md hinh mang cho trudng hop (a) va tim cho trudng hop (b) 1a diéu hop ly. Bai bdo nay sé tap
trung vao xdy dung md hinh mang cho vach ngin bing tudng gach (trudng hap (a)).

Trong cong tac thiét k& hién nay, c6 hai cach tiép can khi ké dén tic dong ctia tudng gach trong
cong trinh: Céch thif nhit, ban than tudng gach dugc qui ddi thanh tinh tdi phan b, tic dung 1én dAm
trong khung; cich thi hai 1a vin dung cic tiéu chuin [1-5], d€ x4c dinh mo-dun dan hdi E cia vat
liéu, sau d6 md hinh vich ngin vao cong trinh. D& nhan thy véi cich tiép can thd nhét, do cing clia
véach ngin hoan toan bi bd qua, din dén do ciing ctia cong trinh trong thiét ké nho hon so véi do ciing
thuc. Trong cach tiép can thii hai, mic du da van dung cdc qui dinh trong tiéu chuén, thi vin con nhiéu
diém chua thuyét phuc trong cic qui dinh nay.

Trong s6 d6, viéc cac tiéu chuin nay huéng dan céc ki su thiét ké mo hinh vach ngin nhu mot két
cAu tAm 1am tur vat liéu dong nht, dﬁng huéng (chi c6 mot gid tri mo dun dan héi E duge xac dinh
theo cdc cong thifc trong tiéu chuin) la chua thuyét phuc. D€ nhin nhin rd vin dé nay, ta can phan
tich thuc trang cong tac thiét ké hién nay. Cac mo hinh mang, tim, vé bing vat liéu ding hudéng cho
véach va san bé tong cot thép d6 tai chd da c6 lich st 1au dai, va tré nén rt phd bién. Miic di hoan toan
khong phai 13 vat liéu dong nhit, cac loai két cAu bé tong cdt thép van c6 su 1am viéc theo cdc phuong
tuong dbi giébng nhau, do su phan bd ngiu nhién cia cic hat cot liéu. Mt khic, cic ki su cong trinh
da quen lam viéc véi cac mo hinh cAu kién, két cAu (san, dim, cot) dang hudng. Tuy nhién, tuong gach
dudgc xdy theo cdc qui tic cu thé, bao gdm céc vién gach dugc bao quanh bdi cidc mach vita ngang va
doc; dugc sap xép c6 trinh ty. Piéu nay khién cho su lam viéc ctia tudng gach, ngay ca trong trudng
hop chiu tai trong mit phang ciing c¢6 su khéc biét rit 16n giita cac phuong. N6i cach khéc, vach ngin
gach-vita khong 1am viéc nhu vat liéu ddng hudng. Diéu nay dugc thé hién ro trong tiéu chuén [4],
do tinh khong dang hudng ctia vach ngin, nén trong thiét ké phai 4p dung hé s stic chiu tai vudng
gbc (orthogonal strength ratio) 12 ti s6 giita kha ning chiu tai song song va vudng géc véi mach viia
ngang. Tuong tu nhu vay, tiéu chuin [1] cling phai sit dung cdc hé sd khic nhau cho do cing vich
ngan khi tinh toan pha hoai theo cutng do (0,5E)), va khi phan tich sy lam viéc chung cla vach ngén
v6i cdc két cau khac (0,8Ey). Nhu vay, miic du céc tiéu chuan thiét ké [1, 4] c6 dua ra cdc mo hinh vat
liéu dang huéng cho vach ngin, gitip cdc ki su dua ra tinh toan an toan cho khéi xay; nhung dé xem
xét dong thdi su lam viéc ctia két cAu khung va khdi xdy nham phan tich ndi luc, chuyén vi c6 xét dén
4nh hudng ctia khéi xdy thi cic md hinh mang, tim, vé dang huéng con nhiéu han ché béi viéc thay
thé vach ngin bang vat liéu dang hudng sé khong thé mo ta chinh xac su lam viéc ctia vach ngin. Rét
nhiéu cic nghién ctiu thuc nghiém, chang han [6-11] ciing chi ra su lam viéc khong dang huéng clia
véach ngin. Mot s6 nghién citu [12—17] v& md hinh héa da thanh cong trong viéc xiy dung md hinh
tim, mang truc huéng d€ mo phong su lam viéc clia tudng gach. Trong phan tich két cAu xay dung,
két cAu truc huéng thudng chi dudc dé cap dén trong thiét ké mit cau [18], it thdy xuat hién trong cic
két cAu nha ctia. Hién nay, chi c6 thiét k& véch thép trong khung nha nhiéu ting c6 dé cp dén viéc st
dung mo hinh mang truc hudng trong tiéu chuin [19]. Bai b4o nay sé sit dung phuong phap dong nhit
héa dudc néu trong [17] d€ xay dung mo hinh mang dong nhit truc huéng cho tudng gach. Nghién
ctfu dudc thuc hién véi gi thiét tit ca cac vat liéu 1am viéc trong giai doan dan hoi.
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2. Xay dung md hinh twong gach bang phueng phap dong nhét héa

Di c6 khd nhiéu tdc gid quan tdim dén viéc xdy dung md hinh truc huéng d€ mo phong sy lam
viéc clia tAm tudng. Trong [14], tac gia da xay dung md hinh mang truc hudng cho véach ngin bang
cach mé rong phuong phap dong nhit héa véi diéu kién bién tuan hoan cho dang két ciu 3D chi tuan
hoan theo 2 phuong. M6 hinh mang di dugc mé rong thanh cdc mo hinh tAim vé Reissner-Mindlin dé&
mo phéng su lam viéc ciia tudng gach chiu udn trong [15-17]. Trong d6, viéc xic dinh cc hing s6
do ciing trong mit phing (d6 ciing mang) trong [17] da st dung lai phucng phap ctia [14]. Trong bai
b4o nay, do xem xét su 1am viéc clia vach ngin (chi chiu tdi trong trong mit phang, bao gdm téi trong
thang diing va tai trong gié truyén vao tif cot); tac gia sé chi néu lai phuong phap xic dinh cdc hing
s6 do ciing ctia phan ti mang trong [14, 17] nham gitip doc gia dé dang theo doi.

Phuong phap dong nhét héa [20, 21] 12 ki thuat xay dung mo hinh ddng nhit d€ thay thé mo hinh
vit liéu nhiéu thanh phan (composite); biang cich gidi bai toan co hoc véi cac diéu kién bién khac
nhau trén mot phﬁn t dai dién (Representative Volume Element-RVE), dé tim ra céc dic trung co
hoc (thuong 1a cac hiang sb d cling/dd mém, truyén nhiét) ctia vit liéu ddng nhét tuong duong. Phan
tif dai dién (sau day sé dugc viét tit thanh PT2D) 1a mot mién nhd trén toan bo mién két clu, trén d6
chiia day du cac thong tin d€ phan 4nh su 1am viéc clia toan bo két cAu (gidi bai toan & cAp do vi mo).
Trén PT2D, ngudi ta thiét 1ap mot bai toan co hoc thong thudng véi ddy di cac diéu kién bién va thu
dugc céc trudng bién dang, chuyén vi, thé niing & cip do vi md. Pong thdi, cling trén mién PT2D,
bing cac phép tinh vé& trung binh, ta thu dudc cic gid tri ctia bién dang, chuyén vi ¢ mitc do vi mo.
Dua vao nguyén tac cin bang ning lugng giita cip do vi mo va vi mo, ngudi ta thu dudc cic hang s6
c0 hoc ctia md hinh vi md tuong duong. M6t bai toan riéng thuong hay gip trong dong nhit héa, d6 1a
dong nhét cac dang két cAu tuan hoan (phan bd vat lidu 1ip lai theo cic vec to trong khong gian). Véi
dang két cAu nay, PT2D dudc thiét 1ap khd don gian, thudng 13 mot khoi 1ap phuong, khéi chit nhat
(dugc trich ra tir két cAu) ma néu xép cac khdi nay 1an lugt canh nhau, né sé lap kin khit khong gian
ma két cAu chiém chd. Trén PT2D, bai toan co hoc dudc thiét 1ap véi mot didu kién bién dic biét, goi
1a diéu kién bién tuan hoan, c6 dang nhu cong thiic (1).

u=Ex+y (1)
trong d6: E- 1a ky hiéu ten x0 bac 2, u- 1a vecto chuyén vi trén bién ctia PT2D, x- 1a vecto vi tri clia

mot diém trén mién PT2D, y- 1a phin chuyén vi c6 dang tudn hoan (c6 gid tri bang nhau tai hai diém
ddi xing trén bién ctia PT2D). Hinh 1(b) thé hién c4c diém c6 chuyén vi gibng nhau do diéu kién bién

L
®
(a) Mot dang két cAu tudn hoan theo ca ba phuong (b) PT2D (phéng to) ctia két cAu tuan hoan va céc diém c6
v6i hinh khéi co s6 14 mt hinh 1ap phuong chuyén vi biang nhau theo diu kién bién tuin hoa

Hinh 1. Bai toan dong nhit héa két cAu tuan hoan
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tudn hoan, cic diém L, R (trén bién trai, phai ciia PT2D) c6 chuyén vi bang nhau; tuong tu nhu vay
dbi véi cip diém U, B (bién trén va bién dudi ctia PT2D).

Bai toan dong nhit héa két cAu tuan hoan da dudc phat trién béi [17, 22] cho cic dang két ciu chi
tuan hoan theo hai phuong, ting dung vao tinh todn vach ngin bang gach vita. Hinh 2 gi6i thiéu hinh
4nh khéi xay gach vita tuan hoan (2 phuong) va PT2D ctia n6, c¢6 dang chit nhit bao gom cé gach va
mach viia.

%
%
>‘0

3R
\:Q\‘\’

KX

(a) Mit phing dS dugc bao bdi nét diit (b) Cac mit phing dY; dugc gach soc
Hinh 2. PT2D ctia két cAu tudng gach

Pé ¢6 dugc cac hing sb dan hdi ctia tAim truc huéng Kirchhoff-Love, can giai bai toan vi md 2
trén PT2D ctia tuong. D€ phat bi€u bai todn, ta qui udc cac chit cai in hoa thé hién céc trudng gia tri
& miic dd vi mo, céc chii cdi viét thudng thé hién gia tri clia cdc trudng vi mo. Bai toan c6 dang: véi
mot # nghi€ém ding hé phuong trinh (2)

dive =0
g=a:¢
€ =E+ x3x + grad’y

2)

g.e; = 0 trén bién 9Y5
.n phan xung trén bién 0Y;

S

tuan hoan trén bién 9Y;

|=<

trong d6 céc gid tri: g, & 1a cac trudng dUng suit va bién dang vi mo trén mién Y (khdi PT2D); v
dugc goi 1a nhiéu cla trudng chuyén vi trén PT2D; v 6 tinh chét tudn hoan trén cac bién dugc gan
diéu kién chuyén vi; diéu kién bién tuan hoan ciing sé dan dén diéu kién phan xing clia ¢.n, cic mit
bién con lai (vudng goéc véi phuong ciia chiéu day) dude dé tu do; a la ten x0 hang sb do ciing cla
cdc vat liéu thanh phan trong PT2D; E, y la céc ten xd bién dang va do cong vi md (md hinh tAm
Kirchhoff-Love can tim); khi d6, néu thém vio céc rang budc: N = (g)* va M = (x3g)", thi sy lam
viéc cta tam Kirchhoff-Love dudc dién ta nhu sau:

(w)=(5 )l ®

1 2 5 .
trong do6: (f)* = 3 f fdV.Do PT2D c6 doi xting tam, thanh phan B = 0. Khi y = 0, tam Kirchhoff-
v = ~
Love suy bién thanh mang dong nhat, hé 2 suy bién thanh bai todn ctia [14]. Bai todn mang dong nhét
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truc huéng luc nay tré thanh:

divg =0 o .
g.e; =0 trénbién Y5
g=a:&  a A A 1A s A A
2T voi diéu kién bién {og.n phan xung trén bién 9Y; 4)
&=E +grad’y N,
. v tuan hoan trén bién dY;
N ={g)

Khi d6, c6 thé biéu dién quan hé N = C : E cu thé hon nhu sau:

Ni1 = CuiniEnn + CrinEnxn
Noy = Ci1nEq1 + CoonExn )
Ni2 =2C1212E712

Diéu kién bién tuan hoan cé thé dudc tao ra bang cach 1ap trinh nhu trong [14, 23] hoic bing cich
tao ra mot cum PT2D nhu trong [24, 25]. Diéu kién phan xiing ciing sé théa man khi tao dudc diéu
kién bién tuan hoan (1), diéu nay da dudc giai thich cu thé hon trong trong [26]. Nhu vay, chi can giai
quyét bai toan (4) véi 3 trudng hop co ban trong phuong trinh (6), ta sé tim dudc cc hiang sé dan hoi
€ nhu dién ti cu thé trong phuong trinh (5).

10 0 0 0 05
1 — . (2) — . 3) —
E ‘(o 0)’ E ‘(0 1)’ E ‘(0.5 0) ©)

Phan mém SAP2000 (hoic cic phan mém cuing ho CSI nhu Etabs, SAFE) dudc st dung rat phd
bién trong céc tinh todn thiét ké két ciu, n6 cho phép khai bao vit lidu truc hudng bang cach khai bao
cdc hing s6 clia ma trin dd mém nhu trong (7). Ma tran nay dudc cung cép tir tai lidu [27].

1 _ —
s V12 LAERN 0 0
E, Elz Es
—V23
€11 E_z Ef 0 0 0 |(on
& o
22 1 0 0 0 2
&3 _ E; o33 7
Y12 L 0 0 J12
Y13 G2 | 013
Y23 dbi xing — 0 [\o23
Gi3
1
G
hay dang rit gon khi tinh toan mang truc huéng chi bién dang trong mit phang:
1 vz
en E, Elz o1l
En|= E_ 0 022 ()
v | > 1 o
0i xung —_—
G

trong d6: E1,E5, 12 cic md dun dan hoi theo truc dia phuong 1,2 clia phan ti tAm, vd; G5 12 mo
dun cit clia vat lidu trong mit phang e | ®e,; vz lahé s6 Poisson ctia vit liéu truc hudng. So sanh
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cong thic (4) va cong thifc (8), ta thiy, d€ c6 cac hing s6 d6 mém dung d€ khai bdo trong phan mém
SAP2000, ta can 1am mdt s6 budc qui ddi. Sau khi x4c dinh ma trin do cing C dé cip trong cong thiic
(5), ta chia tit ca hing sb cho chiéu day vach ngin; sau d6, di tim ma trin d6 mém S (12 nghich dao

1
cua ;g) c6 dang nhu trong (9).

£11 St Stz 0 Y(on
en|= S2»n 0 ||lo2 9)
Y12 doi xung Sn)lon

Cudi cling 1a so sanh v6i cac gid tri trong cong thiic (8) d€ tim ra hang s6 can thiét dé€ khai bio. Nham
muc dich thuén tién, cic hing s tuong tng giita cong thiic (8) va cong thiic (9) dudc liét ké trong
Bang 1.

Bang 1. Su tuong ting gitta cic hing s6 ctia SAP2000 va ma trin d6 mém xdc dinh dugc tir bai toan

E, E; G2 V12
St S22 S1212 S22

3. Panh gia anh hudng cha twong gach bang md hinh mang truc huéng

Ap dung cic 1y thuyét néu trong phan 2, tic gia khio st va tim ra cdc dic trung cd hoc clia mang
truc hudng tuong duong cia mdt mang tudng dugec mo ta trong hinh 3. Qui uc vé huéng truc clia
mang nhu sau: truc 1 biéu dién huéng song song véi mach ngang clia viia, truc 2 bi€u dién huéng
song song v4i mach ding cua via.

30

80
140

. 30

Hinh 3. Vi du kh6i PT2D ctia tusng gach dung trong tinh toan

Cic dic trung co hoc ctia gach, vita dudc néu trong Bang 2, cling vé6i céc s6 liéu tham khao tir
nhiéu nghién ciiu khac. Can chi y rang, hé théng TCVN hién nay chi dé cap dén cuong do nén ciia
vita ma khong nhic dén mo dun dan hoi va hé sd gian nd nhiét ctia né.
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Bang 2. Pic trung dan hdi clia gach va vita tif mot sd nghién ciiu khéc, E ¢6 don vi GPa

E, Vb En Ym

Felix [28] vita cuong do thuong 5,5 0,14
Felix [28] vita cuong do cao 14 0,14
Nwofor [29] 8,83 0,06 1,24 ~ 37,23 0,17
Jeulin [30] 27,7 0,2
Laurenco [31] 20 0,15 0,02 ~ 20 0,15
Stefanou [32] 6,74 0,17 1,7 0,05
Antoine [14] 11 0,2 2,2 0,25
Cecchi [16] 30 0,25 2,2 0,25
Mojsilovic [7] 6,6 0,2
Cuong LT [33] 10 ~ 20 0,03 ~ 0,1

Vit liéu cho vi du 11 0,2 1,7 0,05

St dung céc dic trung co hoc trong Bang 2, ta 1an ludt xay dung cic khdi PT2D bao gdm 5 X 5
va 7 x 7 PT2D (Hinh 4); rdi thuc hién tinh toan trén PT2D trung tim (bao gdm gach 60 kich thudc
220 % 105 x 60 va cach mach vita ding, ngang day 10 mm nhu trong Hinh 3); ta sé thu dugc cic hing
s6 dan hoi ctia mang truc huéng nhu trong Bang 1.

Hinh 4. Céc khdi PT2D 5x5 va 7x7, va PT2D tai trung tim (ndi xuét hién diéu kién bién tuan hoan)
Hinh 5 gi6i thiéu bién dang ctia PT2D trung tidm va phd tng suit tuong tng véi thanh phan N; e

x10* x10°

12 I

X
o
<

; v Y
1 8 ’ \ 3
* 7 2.8
0.8 s ! 2.6
0.6 5 24
* 0.4 4 A ‘ 22
3
0.2 I ; k ‘ 2
1.8
(a) Bai toan EV va trudng ting (b) Bai toan E® va trudng ting (c) Bai toan E® va trudng ting
suét 011 Sllét (%) suﬁt g2

Hinh 5. Trudng ting sut tuong ing véi N;; va diéu kién bién
Dua vio céc gid tri tinh toan dugc trong Bang 3, ta nhan thiy cac gid tri C; ik ol tu, vi vay c6 thé

st dung s6 liéu tinh todn ndy. Theo d6, ma tran do cling va do mém sé c6 dang (l4y hai chit s6 thap
phén) nhu trong cong thuc (10).
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Bang 3. Céc gid tri hing s6 d6 cing(don vi MPa.mm) tinh toan dudc tif ba bai toan trong (6)

Ciin Cin2 Com Ci12

Bai toan EV N Ny
Cum 5 x 5 PT2D 8,7147x10° 1,0241x10°
Cum 7 x 7 PT2D 8,7129x10° 1,0191x10°

Bai toan E® Nii Noy
Cum 5 x 5 PT2D 1,0163x10° 6,433x10°
Cum 7 x 7 PT2D 1,0138x10° 6,431x10°

Bai toan E® Nio
Cum 5 x 5 PT2D 2,6822x10°
Cum 7 x 7 PT2D 2,6806x10°

8,71 1,02 0 | (0123 0019 0
C=10°|1,02 643 0 [|->S-= 1000 -0,019 0,166 0 (10)
0 0 2,68 0 0 0,392

Tt d6, c6 thé tinh dudc cac hé sd d€ khai bdo trong phan mém SAP2000 nhu trong Bang 4.

Bang 4. C4c mo dun dan hdi (don vi MPa) va hé s6 nd ngang clia mang truc huéng

E; E; Gz V12
St S22 S1212 S22
8130 6024 2551 0,11

Trong bai bao nay, tac gia st dung mo hinh
mang truc hudng véi cdc hiang sb vit lidu trong
Béang 4 dé€ phan tich ndi luc trong mot khung
phing bé tong cbt thép; gdbm 3 nhip (6 m, 3 m,
6 m) va 5 ting (ting 1 cao 4 m, cdc tang con
lai cao 3,6 m). Tiét dién dam 22 x 60; tiét dién
cot 22 x 55, déu lam bang bé tong cbt thép co
Ep; = 24855 MPa c6 cdc vach ngin xdy bing gach,
viia tai cdc vi tri nhu trong Hinh 6.

Cong trinh bao gdm nhiéu khung phang c6 do
ciing coi nhu tudng dudong véi khung dang xét,
budc khung 13 4 m. Tii trong thiét ké so bo 1én
khung phing bao gdm: tac dung dong thi clia tinh
tgl,i VE} hoat tai \(q = 1200 x 4 = 4800 daN/m) phan Hinh 6. Khung nha nhiéu ting c6 tudng gach
bo déu trén dam; cong trinh dudc gia st chiu tai
trong gi6 phan bb déu trén cot (W = 456 daN/m), ti trong gi6 tic dung déu 1én cot dén gi6 (hé sb
0,8) va cot khudt gié (hé s6 0,6). Trong ludng tudng don: 200 daN/m?, hé sé do tin cay 1,1.

Sau khi phan tich bai todn bang phin mém SAP2000, c6 thé nhan thiy su xuét hién ctia tudng
gach 1am cho bién dang ctia khung phang rat khac biét (Hinh 7), ddn dén ndi luc ctia cic phan tit dim,
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cot c6 su khac biét rat 16n (Hinh 8). Trén Hinh 7 12 bién dang khung do tai trong tinh toan (trang thai
gi6i han I) gay ra. Viéc sit dung mo hinh tudng cho thiy do bién dang ctia toan bo cong trinh gidm di
khd nhiéu, nhit 1 tai nhiing khoang c6 bd tri tudng. Tai vi tri tudng (d6i chiéu v6i Hinh 6), cdc dAm
c6 dd vong thap, do vay it c6 tac dong dén bién dang ctia cdt so véi mo hinh khong ké dén tuong.
Chuyén vi clia cic diém tuong ting c6 thé gidm con 30% khi st dung mo hinh tuong. TAt nhién, hiéu
qua ctia viéc giam chuyén vi nay con tly thudc vao viéc Iva chon tiét dién dam, cot, ciing nhu phuong
4n bd tri tudng trong ting thiét ké.

—

T
[

I

|

—

i L L4 Lod &

Hinh 7. Bién dang ctia khung khi thiét ké c6 st dung (bén trdi) va khong st dung (bén phai) mo hinh tudng
gach. Hinh anh c6 cung ti 1& phéng dai 100 1an cho ca hai khung va da 4n di cic vach tudng trong Hinh 6

Hinh 8. Nai Iuc (M6 men) trong khung khi thiét ké c6 ké dén (bén trdi) va khong ké dén (bén phai) do ciing
trong mit phang clia vach ngin, do t& hop ti trong gid, tinh ti va hoat ti sit dung gdy ra

Cu thé hon, ta tién hanh so sanh M trong céc phan ti cot bién nhu Hinh 9(a), do thép cot bd tri
ddi xidng nén & day chi xét gid tri tuyét dbi; trong cac phan tif dim tang hai (c6 tudng & mot trong hai
dam nhip 6 m) nhu trong Hinh 9(b); trong cdc phan tif dim tang ba (c6 tudng & ca hai nhip dim 6 m)
nhu trong Hinh 9(d); trong c4c dim tang mdi (phia trén tudng) nhu trong Hinh 9(c). Cdc M déu dugc
chuén héa biang cach chia gia tri M trén céc tiét dién cho gid tri M & chan cot, hoic cho gia tri M tai
vi tri nit bién bén phai ciia khung khong st dung mo hinh mang.

Tit c4c biéu do trén, ta nhan thiy khi c6 ké dén dd cing trong mit phing ctia vach ngin (tudng
gach) c6 rat nhiéu thay ddi trong noi luc dim, cot bé tong cot thép. Noi luc trong dam va cot tai hau
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hét céc tiét dién déu giam di. Tai vi tri dAm tiép ndi véi cot (cac diém miit tai hoanh d6 0 céc hinh 9(b),
(c), (d)), ndi luc tré nén 16n hon, diéu nay c6 thé trd thanh co s& d€ thiét ké khang chan, “biy” céc
khép déo hinh thanh tai dAm, din dén phd hiy cuc bo khi c6 dong dit qua 16n.
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(c) So sanh M trong cdc dim ting mai (d) So sanh M trong cic dim tang ba

Hinh 9. So sanh M trong céc cAu kién ctia khung

DE dam bao tinh ngan gon ctia bai béo, tac gia chi gidi thiéu biéu dd phan tich su bién ddi ctia M.
Véi cac dbi tugng dang quan tAm khéc trong thiét k& nhu N, Q va chuyén vi (do tai trong theo trang
thdi gidi han II), ngudi doc c6 thé lién hé truc tiép tac gia d€ dudc cung cAp mo hinh. M6 hinh héa
véach ngin bing ddng nhét héa givip cac ki su tiét kiém thoi gian, khong phai chd dgi cac thi nghiém vé
cudng do ctia khoi xay. Pic biét 1a trong giai doan thiét ké so bo, tim kiém cac gidi phap két cAu cho
cong trinh. Mang truc hudng tuong duong ciing gitip cho viéc tinh todn, phan tich két cAu nhanh hon,
tir d6 gitip cho viéc phat trién san phim tudng gach bing cic cong cu va thuit toan tdi wu héa thuin
tién hon. St dung dic tinh truc huéng ctia vt liéu gitip ching ta c6 thé st dung dong thdi md hinh

véach ngin vao hai cong viéc: ddnh gia vai tro clia vach ngin khi 1am viéc v6i cac ciu kién khac (dim,
cot) va danh gia kha ning pha hoai ctia vach ngin, khic phuc dude nhude diém ciia tiéu chuin thiét
ké hién nay (st dung hai mé hinh déng huéng riéng biét (0,5E, va 0,8E() cho hai nhiém vu vua néu).
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4. Két luan

Bai b4o nay gi6i thiéu mot cach tiép cAn méi trong nghién ciiu anh hudng ctia khébi xay gach trong
cong trinh, bing cach xay dung mo hinh mang truc huéng nhd phuong phap dong nhit héa. Md hinh
dugc xay dung c6 thé gitip cho viéc st dung thdng nhit mot mo hinh cho cic tinh todn khic nhau, xay
dung cac dic trung co hoc phit hdp vé6i su 1am viéc thuc té ctia két cAu. Viéc nay cang trd nén hitu ich
khi phan tich mot cong trinh qui md 16n, st dung nhiéu vach ngin tuong gach. Vi du trong bai bio
ciing cho thiy, khi ké dén do ciing ciia tudng, c6 su phan bd lai md men trong hé khung so, vi vy mo
hinh nay c6 thé gitp cac ki su dua ra cac gidi phap thiét ké khang chin (pha hoai cuc bd dim, tudng
khi xay ra dong dat qua 16n); N6 ciing gitip cic ki su c6 cdi cdc giai phdp tot hon vé bd tri cbt thép
dam. Mot uu diém khong thé bd qua 1a md hinh nay c6 gia tri du bdo cao, bdi né khong can cho dgi
cac két qua thi nghiém pha hoai khi xay, von doi héi thdi gian kha dai. Mé hinh dugc xay dung ciing
hita hen trién vong 4p dung vao viéc mo phong va tim nguyén nhan gy nit tudng gach khong nung,
mot trong nhitng vin dé 16n clia nganh xdy dung Viét Nam hién nay. Bai b4o cling chi ra viéc thiéu
nguodn dit liéu dau vao cho dic trung co hoc ciia vat liéu vita xay trong hé théng TCVN.

Tai liéu tham Khao

[1] TCVN 5573:2011. Két cdu gach dd va gach dd cot thép - Tiéu chudn thiét ké. Vién Khoa hoc va Cong
nghé Xay dung - B6 Xay dung.

[2] TCVN 1450:2009. Gach réng ddt sét nung/Hollow clay brick. Vién Vit liéu xay dung - Bo Xay dung.

[3] TCVN 1451:1998. Gach ddc ddt sét nung/Clay brick. Vién Vit liéu xay dung - Bo Xay dung.

[4] Eurocode 6 (2009). Design of masonry structures. Part 1-1. British Standards Institution, London.

[5] British Standards Institution (1999). Methods of test for masonry. Part 1. British Standards Institution,
[London].

[6] Albanesi, T., Bergami, A.-V., Biondi, S., Candigliota, E., Nuti, C. (2008). Theoritical characterization of
infill panels basing on compressive and shear tests. Proceeding of 14th World Conference on Earthquake
Engineering.

[71 Mojsilovi¢, N. (2020). Masonry subjected to semi-cyclic compression: Inelastic response modelling.
Construction and Building Materials, 263.

[8] Mojsilovi¢, N. (2011). Strength of masonry subjected to in-plane loading: A contribution. International
Journal of Solids and Structures, 48(6):865-873.

[9] Mojsilovié, N. (2005). A discussion of masonry characteristics derived from compression tests. Proceed-
ing of 10th Canadian Masonry Symposium.

[10] Augenti, N., Parisi, F. (2010). Constitutive models for tuff masonry under uniaxial compression. Journal
of Materials in Civil Engineering - ASCE, 22(11).

[11] Werner, S. (1994). Isotropic or anisotropic? Simulation of in-plane-loaded masonry structures close to
reality. Proceeding of 10th IB2Mac conference.

[12] Abdellah, A. G., El-Metwaly, S. E., Yousef, A. M. (2020). Orthotropic homogenized modeling of masonry
wall panels. Journal of Structural Engineering & Applied Mechanics, 3(3):153-168.

[13] Gatta, C., Addessi, D. (2019). An Orthotropic Macromechanical Model with Damage for the Analysis
of Masonry Structures. Proceedings of the 7th International Conference on Computational Methods in
Structural Dynamics and Earthquake Engineering (COMPDYN 2015), 1514-1525.

[14] Anthoine, A. (1995). Derivation of the in-plane elastic characteristics of masonry through homogenization
theory. International Journal of Solids and Structures, 32(2):137-163.

[15] Cecchi, A., Sab, K. (2002). A multi-parameter homogenization study for modeling elastic masonry.
European Journal of Mechanics - A/Solids, 21(2):249-268.

[16] Cecchi, A., Sab, K. (2002). Out of plane model for heterogeneous periodic materials: the case of masonry.
European Journal of Mechanics - A/Solids, 21(5):715-746.

118


https://doi.org/10.1016/j.conbuildmat.2020.120147
https://doi.org/10.1016/j.ijsolstr.2010.11.019
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000119
https://doi.org/10.31462/jseam.2020.03153168
https://doi.org/10.31462/jseam.2020.03153168
https://doi.org/10.7712/120119.7015.19592
https://doi.org/10.7712/120119.7015.19592
https://doi.org/https://doi.org/10.1016/0020-7683(94)00140-R
https://doi.org/https://doi.org/10.1016/0020-7683(94)00140-R
https://doi.org/https://doi.org/10.1016/S0997-7538(01)01195-0
https://doi.org/https://doi.org/10.1016/S0997-7538(02)01243-3

(17]

(18]
(19]

(20]
(21]
(22]

(23]

(24]
[25]
(26]

(27]
(28]

[29]

(30]

(31]

(32]

(33]

Khanh, T. D. / Tap chi Khoa hoc Cong nghé Xay dung

Cecchi, A., Sab, K. (2007). A homogenized Reissner—-Mindlin model for orthotropic periodic plates:
Application to brickwork panels. International Journal of Solids and Structures, 44(18):6055-6079.
TCVN 11823-9:2017. Thiét ké cdu ducng bé. Bo Giao thong VAn tai.

Sabelli, R., Bruneau, M., American Institute of Steel, C. (2006). Steel plate shear walls. American
Institute of Steel Construction, Chicago, IL.

Sanchez-Palencia, E. (1987). Homogenization techniques for composite media : lectures delivered at the
CISM International center for mechanical sciences, Udine, Italy. Springer.

Bornert, M., Bretheau, T., Gilormini, P. (2001). Homogénéisation en mécanique des matériaux. Hermes
Science Publications, Paris.

Caillerie, D., Nedelec, J. C. (1984). Thin elastic and periodic plates. Mathematical Methods in the Applied
Sciences, 6(1):159-191.

Phuong, N. H., Céanh, L. V., Phic, H. L. H. (2020). Ky thuat déng nhét héa cho vat liéu da tinh thé di
huéng st dung phan tit bién ti 18. Tap chi Khoa hoc Cong nghé Xdy dung (KHCNXD) - PHXDHN, 15
(1V):60-71.

Trinh, D.-K., Forest, S. (2010). The role of the fluctuation field in higher order homogenization. PAMM,
10(1):431-432.

Khanh, T. D. (2020). Second gradient substitution model for high contrast bi-phase structure. Journal of
Science and Technology in Civil Engineering (STCE) - HUCE, 14(2):116-126.

Trinh, D.-K. (2011). Méthodes d’homogénéisation d’ordre supérieur pour les matériaux architectures.
Lun 4n Tién si, Mines ParisTech.

CSIAmerica (2016). SAP2000 version 19 - CSI Analysis Reference book. CSI.

Ip, F. (2001). Compressive strength and modulus of elasticity of masonry prisms. Lun an Tién si, Carleton
University.

Nwofor, T. C. (2011). Finite element stress analysis of brick-mortar masonry under compression. Journal
of Applied Science and Technology, 16.

Escoda, J., Willot, F., Jeulin, D., Sanahuja, J., Toulemonde, C. (2011). Estimation of local stresses and
elastic properties of a mortar sample by FFT computation of fields on a 3D image. Cement and Concrete
Research, 41(5):542-556.

Lourengo, P. B., Zucchini, A., Milani, G., Tralli, A. (2006). Homogenisation approaches for structural
analysis of masonry buildings. Structural Analysis of Historical Constructions.

Stefanou, 1., Sab, K., Heck, J.-V. (2015). Three dimensional homogenization of masonry structures with
building blocks of finite strength: A closed form strength domain. International Journal of Solids and
Structures, 54:258-270.

Cuong, L. T., Pao, . C. (2008). Két cdu gach dd va gach dd cot thép. Nha xuét ban Khoa hoc va Ky
thuét.

119


https://doi.org/https://doi.org/10.1016/j.ijsolstr.2007.02.009
https://doi.org/https://doi.org/10.1016/j.ijsolstr.2007.02.009
https://doi.org/https://doi.org/10.1002/mma.1670060112
https://doi.org/10.31814/stce.nuce2021-15(1V)-06
https://doi.org/10.31814/stce.nuce2021-15(1V)-06
https://doi.org/https://doi.org/10.1002/pamm.201010208
https://doi.org/10.31814/stce.nuce2020-14(2)-11
http://www.theses.fr/2011ENMP0068/document
www.csiamerica.com
http://www.nlc-bnc.ca/obj/s4/f2/dsk1/tape8/PQDD_0019/MQ48451.pdf https://central.bac-lac.gc.ca/.item?id=MQ48451&op=pdf&app=Library
https://doi.org/10.4314/jast.v16i1-2.64776
https://doi.org/10.1016/j.cemconres.2011.02.003
https://doi.org/10.1016/j.cemconres.2011.02.003
https://doi.org/10.1016/j.ijsolstr.2014.10.007
https://doi.org/10.1016/j.ijsolstr.2014.10.007

	1 Giới thiệu
	2 Xây dựng mô hình tường gạch bằng phương pháp đồng nhất hóa
	3 Đánh giá ảnh hưởng của tường gạch bằng mô hình màng trực hướng
	4 Kết luận

