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Tém tit

Su tuong tdc giita tudng chén véi khung bé tong cbt thép (BTCT) bao quanh dudi tic dong ngang di lam gia
ting do cling udn cla cac dam khung. Hé qué cia su gia ting do cling udn ctia dim khung sé lam thay ddi
nguyén tic thiét ké co ban “dam yéu — cot khoe” quy dinh trong cac tiéu chudn thiét ké khang chin khi khong
xét t6i tuong tac véi tudng chén. Cac két qua nghién cifu trong bai bdo ny da dinh lugng héa dudc su gia ting
dd cing va kha ning chiu ubn ctia cic dim khung khi c6 xét téi tuong tac véi tudng chén dudi tic dong dong
dét. Trén co s6 nay, mot diéu kién méi dung dé thiét ké cac cot BTCT nham ddm bio co cAu phd hoai déo phai
xuét hién & cac khung BTCT chiu dong dat theo TCVN 9386:2012 da dudc dé xuit. Cac két qua tinh todn kiém
tra theo phan tich tinh phi tuyén trén hé két cAu khung chén dugc thiét ké theo TCVN 9386:2012 cho thiy hoan
toan phu hop véi nghién citu 1y thuyét.

Tir khod: khung BTCT; tudng chén; thiét ké theo kha niing; tac dong dong dit; tuong tic; cd cAu pha hoai; ting
mém; phan tich tinh phi tuyén.

EFFECTS OF MASONRY INFILLS TO THE CONTROL OF THE FAILURE MECHANISM OF REIN-
FORCED CONCRETE FRAME STRUCTURES UNDER EARTHQUAKE LOADING

Abstract

The interaction between the masonry infills and the surrounding reinforced concrete (RC) frames under hor-
izontal impact has increased the bending stiffness of the frame beams. The consequence of the increase in
bending stiffness of the frame beam will change the basic design principle of “weak beam — strong column”
specified in modern seismic design standards when not considering interaction with masonry infills. The re-
search results in this paper have quantified the increase in the stiffness and the bending resistance of frame
beams when considering the interaction with the masonry infills under seismic actions. On this basis, a new
condition used to design RC columns to ensure the plastic failure mechanisms appearing in RC frames under
seismic actions according to TCVN 9386:2012 is proposed. The results of calculation and inspection according
to nonlinear static analysis on the masonry infilled RC frame structures designed according to TCVN 9386:2012
show that they are perfectly suitable for theoretical research.

Keywords: reinforced concrete frame; masonry infills; capacity design method; earthquake loading; interaction;
failure mechanism; soft story; nonlinear static analysis.
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1. Pit van dé
VAn dé anh hudng clia cdc tudng cheén téi ing xit clia hé két cAu khung dudi tic dong dong dat da

dugc cac nha khoa hoc & nhiéu nudc trén thé gi6i, trong d6 ¢6 Viét Nam, quan tim nghién ctiu trong
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vong 70 niAm qua. Cic cong trinh nghién ctiu thuc nghiém va 1y thuyét déu cho thiy, cic tudng chén
trong khung da lam thay ddi cdc dic tinh tinh va dong ctia hé két cAu khung. Céc tudng chén c6 thé
tao ra cac anh hudng c6 1di téi ting x{ ctia hé két cAu khi chiu dong dét, nhu 1Am ting d6 bén, do ciing
ngang, kha ning phan tin ning lugng ..., nhung nhiéu khi ciing tao ra cic tac dong hét stic bit Idi, gay
sup d& dot ngdt cong trinh hoidc pha hoai cuc bo cic ciu kién khung. Céc trin dong dit xay ra gan
day & nhiéu ndi trén thé gidi, nhu & Athens - Hy Lap (1999) [1], T Xuyén - Trung Qudc (2008) [2],
L’Aquila - Italia (2009) [3] va Emilia - Italia (2012) [4] ... di cho thy rit rd diéu ndy (Hinh 1).

(c) Pong dit & LAquila — Italia (2009) (d) Pong dét & Emilia — Italia (2012)

Hinh 1. Su sup d6 va pha hoai cuc bo cic nha khung chén dudi tac dong dong dat

Céac nghién cifu thuc nghiém cta rt nhiéu tdc gia thuc hién trong thdi gian gan dy trén cc khung
BTCT dudc thiét ké theo cic tiéu chuin khang chin hién hanh (vao thsi diém thi nghiém) (ACI 318-
89, UBC-91, EN 1998-1:2004, ACI 318-08 ...): Mehrabi va cs. [5], Kakaletsis va Karayannis [6],
Morandi va cs. [7], Basha [8]... trong cic trudng hop khong c6 (khung tréng) va cé tudng chén
(khung chén) chiu tic dong diing va ngang mo phdéng dong dit déu cho thiy cac khung tréng bi pha
hoai theo cd ciu déo v6i cac khop déo ubn xuit hién trudc hét & dim sau d6 mdi téi cot, phit hop véi
muc tiéu thiét ké dit ra, trong khi & cac khung chén, cac cot bi pha hoai cat va udn con dim hau nhu
khong bi pha hoai. Ung xi cuc b nay ciia cc ciu kién khung khi ¢6 tudng chén hoan toan phit hop
véi cac két qua nghién ciiu thuc nghiém cia cic tic gia khéc thuc hién trén cic khung BTCT dudc
thiét ké chi dé chiu cic tdc dong trong trudng hoic dong dit theo quan niém cii, nhu cic nghién ciu
thuc nghiém dugc thuc hién gan day ctia Al-Chaar va cs. [9] va ctia Cavaleri va cs. [10]].

Tt c4c két qua nghién ciiu thuc nghiém quy mo trén cac khung BTCT c¢6 tudng chén dudi céc tac
dong ding va ngang c6 thé rit ra két ludn quan trong sau: su tuong tac véi tudng chén di lam cho
dam khung ciing 1én, con cic cot khung thudng bi pha hoai cat va ubn & cac ving ké can hai dau muit
ctia ching, khong phu thudc vao loai vat liéu tudng chén. Két luan nay hoan toan phit hdp véi két luan
ctia Paulay va Priestley [11] (da dudc dua vao tiéu chuan NZS 4230:2004 ctia New Zealand [12]): cac
tuong chén c6 “khuynh huéng 1am gia ting kha 16n do cting ctia dim, giy ra hién tuong tip trung cic
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ving khép déo tiém ning clia khung tai cdc ving c¢6 chiéu dai ngan & diu miit cac cAu kién, hoic tao
ra mot su di chuyén cudng biic khdp déo vao cot”.

Hién nay, theo quan niém thiét ké khang chin hién hanh, cdc hé két cAu néi chung va hé két ciu
khung BTCT néi riéng, déu dudc phép lam viéc sau gidi han dan hoi khi chiu dong dat manh. Do do,
dé cong trinh khong bi sup d& dot ngdt va c6 kha ning bién dang déo 16n, nhitng ngudi thiét ké budc
phéi kiém soat dugc co ciu pha hoai va cédch thiic pha hoai ctia cac hé két cAu. Phuong phép thiét ké
theo kha niing (capacity design method) do Paulay dé xuat (1985) [11, 13] 12 mot cong cu rét hiéu
qua dé thuc hién nhiém vu trén. Dbi v6i cac hé két ciu khung, nguyén tic cd ban dé tao ra ¢ ciu pha
hoai déo & khung 1a “cot khée — dam yéu”, cic khép déo ubn phdi xuét hién trudc hét tai cac dam,
phé hoai cit phai xay ra sau pha hoai uén va cac nit khung phai bi ph4 hoai sau cting.

Dé& dam phai bi pha hoai ubn trude cot, viéc thiét ké cot phai thuc hién theo diéu kién sau, vi du

theo TCVN 9386:2012 [14]:
ZMRC > 1,3ZMRb (1

trong d6 Z Mg, va Z Mg, tuong ting 1 tdng céc gid tri thiét ké ctia kha ning chiu mémen udn nhd
nhét clia cdc ¢t va clia cdc dAm quy tu vao nit khung dang xét; con 1,3 12 hé s6 vudt do bén. Biéu
thitc (1) can dudc théa man trong hai mit phang ubn thang ding vudéng géc véi nhau va cho ca hai
chiéu tdc dong Am va duong clia tic dong dong dat.

Tuy dat dudc cac két qua nghién ctiu rit dong thuin vé anh hudng ctia cdc tudng chen t6i ting xi
tong thé va cuc bd clia cdc ké két cau khung nhu da dé cip t6i & trén, cac tiéu chuin thiét ké khang
chan déu thiét 1ap diéu kién (1) ma khong xét t6i tuong tac gitta cac tudng chén véi khung. P& han ché
cdc 4nh hudng bét 10i clia tudng chén téi Ung xi tong thé va cuc bo ciia hé két cAu khung chen, céc
tiéu chuan thiét ké khang chin nhu TCVN 9386:2012 [14], EN 1998-1:2004 [15], FEMA 356 [16],
ASCE 41-13 [17], MSJC (2013) [18], NZSEE (2017) [19]... déu dua ra cic quy dinh vé bd tri cic
tudng chen trén chiéu cao ciing nhu trong mit bing ctia cong trinh va kiém tra kha ning chiu cét ctia
cac cOt khung.

Noi dung bai bdo sé dé cip tdi cac nghién cifu ly thuyét vé ing x ctia dam khung khi chiu luc
tuong tic v6i cic tudng chén va anh hudng clia tudng cheén ti viéc kiém soat cd cAu pha hoai déo clia
khung BTCT dudc thiét ké theo quan niém khang chin hién hanh.

2. Anh hudng cia tudng chén tdi dng xit ctia dAm khung bé tong cbt thép

Xét khung BTCT mot tAng mot nhip, c6 tudng chén, chiu tic dong ctia ngoai lvc H nhu trong
Hinh 2(a). Trong trudng hgp khong c6 tuong cheén hoac khong xét tdi tuong tac vdi tudng chen, ngoai
luc H sé gay ra mémen udn tai dau miit C ctia dam:

Myc = HThﬁjc: 1 @
va tuong ing v6i né 1a d6 cong tai dau miit C ctia dam:
Mpc Hh 3w
PYCH = Ed, ~ 2Edd) 6w+ 1 ©)
Trong céc bi€u thic trén: o
w=1; 4)
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H = Iy D H - Iy D H- V;n= I D
@ & Ry (64
Am=wm b
< 1. I, ~ I, I, = P I,
A B A B A B
STTLILT TILLIT \ e
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(a) Khung chén (b) So db tinh toan khung chén (c) So db tinh toan khung cé xét téi

anh hudng cua tudng chen

Hinh 2. Céc so d6 tinh toan khung

trong d6 I, va I, tuong ting 12 mémen quén tinh cda tiét dién dAm va cot khung; [ va 4 tuong ting 14
chiéu dai ctia dAm va cot khung ké tit truc; E. 12 modun dan hdi ctia bé tong.

Khi c6 xét t6i tuong tac véi tudng cheén, theo phuong phap md hinh vi m6é mot dai chéo tuong
duong [6-21], viéc tinh todn hé khung cheén dudc thuc hién theo so dd nhu & Hinh 2(b). Trong so do
tinh toan nay, tudng chén trong khung dudc thay bang mot dai chéo tuong duong c6 bé rong bang w,
va bé day 1,, nhu clia tudng chén. Duéi tic dong cia luc ngang H, trong dai chéo tuong duong sé xuit
hién mot luc nén bang R, biéu thi phan dng cla tudng chén dudi tic dong ngang. Trong diéu kién
nay, sd do tinh todn hé khung chén & Hinh 2(b) c6 thé dugc thay bing mot so dd tinh toan tuong ducng
nhu trong Hinh 2(c), 12 mdt khung trdng chiu tic dong clia ngoai luc (H —V,,), trong d6 V,, = R,, cos 6
12 hinh chiéu theo phuong ngang cta luc nén xién R,,. V6i so do tinh toan méi nay, tuong tu nhu so
dd khung khong c6 hodc khong xét t6i tuong chén, mémen udn tai dau miit C ctia dAm sé dudc xic
dinh theo biéu thiic sau:

(H-V,)h 3w
MycH-v, = 5
bC,H-V,, 5 ot 1 &)
con dd cong tuong dng ctia dam sé bing:
MbC,H—Vm (H-Vph 3w
PbCH-V,, = = < PoC,H (6)

E.d, 2EJd, 6w+1

Nhu vay, khi xét téi tuong tdc véi tudng chén, do cong clia truc dam da gidm xudng so véi khi
khong xét t6i tuong tac véi tuong chen. Néi cach khac, dudi tac dong cia luc ngang H, do xét téi
tuong tic v6i tudng chén, do cing chéng udn cia dam da ting 1én: E I}, > E.I, trong d6 I, 1a
momen quén tinh cla tiét dién dim khung khi c6 xét téi tuong tic v6i tudng chén. Nguyén nhan ctia
hién tuong ndy, 1a do tudng chén can trd bién dang ubn ctia dim khung (dudc goi 1a hiéu ing b6 clia
tudng chen). Vi su gia ting do cing chdng ubn nay, d6 cong ctia dam tai diu miit C ctia né khi c6
x€t t6i tuong tac véi tudng chen sé€ nhu sau:

. Myey  HR o 3w,
PoCH = E ol 2E Iy 6w + 1

(7)

trong d6 M; ,; 1a mdmen udn tai du mit C ctia dam du6i téc dong cta lyc ngang H khi ¢ xét t6i
tuong tac véi tudng chen, con:
Ipmh
w =
"Il

(8)
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Goi kp; 12 hé sb gia ting do ciing chéng udn (mdémen quan tinh) ctia dim khung do hiéu ting b6
cla tudng chen gay ra, ta co:
Tom _ @m

ki = 2 = 9
= 5 )

Can bé“mg céc do6 cong (6) va (7), ta dugc mdi quan hé sau:

(H-Voh 3w _ Hh 3w,
2E. D, 6w+ 1  2E.I, 6wy, + 1

(10)

hoic viét phuong trinh trén dudi dang:

6w, +1  H
6w+1 H-V,

(11

C6 thé thiét 1ap mbi quan hé giita cac luc ngang H va V,, bang cach can bing cdc chuyén vi ngang
ctia khung & cao trinh truc dim, xdc dinh theo so do tinh todn & Hinh 2(b) va 2(c). Theo so dd &
Hinh 2(c), duéi tac dong ctia luc ngang (H — V,,), chuyén vi ngang ctia hé két ciu khung & cao trinh
truc dim sé bang:

(H=Vy)h*3w+2
An-v, =
12E. 1. 6w+ 1

Con & so do tinh toan Hinh 2(b), bién dang doc truc ctia dai chéo tuong duong ciia tudng chén

sé bang:

(12)

R,.d Viud,
WitmEn — WtnE,, cos

Tir d6 x4c dinh chuyén vi ngang ctia khung & cao trinh truc dam:
A
A, = =m0 (14)
cos 6
Can b?mg cac chuyén vi ngang (12) va (14), ta thiét 1ap dudc mdi quan hé sau:
E.l.d, 12(6w + 1)
BBWtnEncos?0 3w +2

H=V,[1+ (15)
Pua (15) vao (11), ta dugc mot dang mdi ciia hé s gia ting do ciing chdéng ubn cia dim khung
khi c6 xét t6i tuong tac véi tuong chen:
Wiy Wt E;nc0s20 3w + 2

k-:—:1+ >1 16
bi =0 E.l.d, 2w (16)

Trong qua trinh gia ting tic dong ngang, bé rong w,, cia dai chéo tuong duong clia tudng chén sé
giam dan. Goi w,, 12 bé rong ctia dai chéo tuong duong tai thdi diém cuc han, khi tudng chén bit dau
mét kha niing chiu luc [20, 21], hé s6 gia ting do ciing kbi sé c6 dang sau:

PWotm Emc0os260 3w + 2

Ibmu
kpig = 22 = 1 + 17
biv =, El.d, 72w (17

Tit biéu thiic (17) ta thiy I, = kpidp. Néu gia thiét bé rong ctia dam khung khong thay d6i, su
gia ting do cing ctia dAm khung do hiéu ting bé cia tudng chén giy ra tuong duong véi viéc gia ting
chiéu cao ctia tiét dién dam khung 1én mot tri s6 méi, goi 1a chiéu cao 4o ctia dam:

omu = hyp V3 kpiu (18)
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Hé s6 kp;, phu thudc vao rat nhidu tham s nhu: kich thuée hinh hoc ctia khung va tudng chén
(1, h, ty, dyy), tiét dién cac chu kién khung (I, I)), bé rong dai chéo tuong duong (w,.,), cic tinh ning
co 1y ctia vat liéu bé tong va khbi xay. Trong sb cac tham sb trén, cic két qua thi nghiém cho thay ty
s6 hinh dang £/ ctia khung c6 mot y nghia rat quan trong trong dng xi clia cac khung chén. D€ c6
mot khai niém dinh luong vé& do 16n clia hé sb ky;,, gia thiét ty sd h/I thay d6i con cic tham s khac
git nguyén khong thay ddi. Két qua tinh toan theo (17) cho thiy, véi céc ty sb i/l thudng gip (tir 0,5
dén 1,0), hé sb kp;, bién thién trong pham vi tur 2,0 dén 3,6.

3. Anh hudng cia tudng chén téi viée kiém sodt co cAu phé hoai khung khi chiu dong dit

Dé hé két ciu khung BTCT c6 thé bi pha hoai theo co cAu déo khi chiu dong dit manh, viéc thiét
ké cdc cot khung phai tuan theo diéu kién (1). Theo diéu kién nay, trong chiéu tac dong dong dit dang
xét, tdng kha ning chiu udn ctia cdc dAm quy tu vio mot niit khung bat ky sé c6 dang sau [13]:

Z Mgy = Mg, + M}, (19)

trong d6 My, M}, tuong tng la kha ning chiu udn tai ddu mit cdc dim quy tu vao nit khung dang
xét theo chiéu 4m (cong 1én) va theo chiéu duong (cong Xuéng) ctia truc dim (Hinh 3). Déi véi cdc
khung BTCT chiu dong dét, khong xét t6i tuong tic v6i cac tudng chén, cic kha ning chiu ubn ctia
dam khung dugc xic dinh theo cdc biéu thic sau [22, 23]:

My, = min (A1, Ag2) fya (hy — dy — db)

(20)
+max [0, (Ag1 = A)] fya [y = di = 0.5 (At = A2) fra! Bow fea)]

M5y, = A framax |(hy — da = 0,540 fa/ (Bresf fea)) » (= dy = )] @)

trong d6 Ay, Ay, tuong ting 1a dién tich tiét dién cot thép doc & miit trén va dusi dim; Ay, 1a chiéu cao
tiét dién dam; by, 12 bé rong clia bung dam; by, ;¢ 12 bé rong hiéu dung ctia phan canh (ban) chiu nén;
d; 1a khoang cach tif trong tam cbt thép A, t6i mit trén cia tiét dién dam; d, 1a khoang cach tif trong
tam c6t thép Ay, t6i mit dudi clia tiét dién dam; f,4, fya tuong tng l1a cudng d6 chiu nén tinh todn cia
bé tong va cudng do chiu kéo tinh todn ctia cot thép.

Trong truong hgp c6 xét téi tuong tac véi cac NE’ .
N N ~ aX A 40 [N ¢ 4
tudng chen, nhu da deé cip tdi trong muc 2, do hiéu /i\\M Re
{ing b6 clia tudng cheén, chiéu cao cia tiét dién dam /!

khung 6 trang thai giGi han cuc han bi gia tang, trd

thanh Ay, va dudc xac dinh theo (18). Vi ly do W il
nty, khi xét t6i su tuong tac véi cac tudng chen, cdc . R

tham s0 lién quan t&i chiéu cao tiét dién ciia dam

khung dung dé xdc dinh kh4 ning chiu ubn cta y
dam khung theo cac biéu thiic (20) va (21) sé phai \t/Mzc
thay d6i, cu thé thay hb bing hym; di bing dim, = N
di+(hpmu—"p) /25 da bang doyy = do +(flbmu—hb)/ 2 Chidu ddng dht
(vi tri cot thép dam thuc khong thay doi do Ay, 12 '
chiéu cao 40). Nhu vay, khi xét téi tuong tic vé6i Hinh 3. M men ubn tai niit khung
cdc tudng chen, bi€u thic (19) s& c6 dang sau:
D Mo = My + My > > Mgy (22)
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So sanh biéu thiic (19) véi (22) ta thiy, trong trudng hdp c6 xét tdi tuong tic v6i cdc tudng chén,
tong kha ning chiu ubn ctia cac dim quy tu vao mdt niit khung bat ky trong chiéu tic dong dong dit
dang xét, 16n hon so véi khi khong xét t6i tuong tac véi cac tuong chen. Nhu vay, khi c6 xét téi tuong
tac véi cdc tuong chen, didu kién co ban d€ tao ra co ciu phd hoai déo (1) quy dinh trong [14] sé
khong con ding nita. Piéu ndy ciing dong nghia vé6i viéc cot khung c6 thé bi pha hoai trudc dam va
co ciu pha hoai tang mém c6 thé xuat hién ngoai y mudn clia ngudi thiét ké.

Su gia ting kha ning chiu ubn ctia cac dam khung khi c6 xét t6i tuong tic véi tudng chén dugc
biéu thi qua hé sb sau:

Z MRpmu _ MI;bmu + M;bmu
> Mgy Mg, + My,

ks = > 1 (23)

Nhu vay, trong trudng hdp c6 xét t6i tuong tac v6i cac tudng cheén, diéu kién (1) sé tré thanh:
D Mge = 1.3k > Mo (24)

Nam ngoai y mudn ctia chiing ta, su hién dién ctia tuong chén trong khung gan nhu 1a mot 18 tu
nhién. Sy tucong tac gitta tudng cheén véi khung bao quanh duéi tdc dong ngang cling tuong ty nhu vy,
ngoai trif chiing ta 4p dung cac bién phdp dé cach ly tudng chén ra khoéi khung. Vi vy, dé€ bdo dam an
toan trong moi trudng hop, khi thiét ké cac hé két cAu khung BTCT theo [14], diéu kién thiét ké (1)
nén dugc thay bang diéu kién (24), néu ngudi thiét ké mudn hé két ciu khung c6 dng xit téng thé nhu
y do thiét ké dit ra ban dau.

4. Vi du tinh toan

4.1. Cdc sé liéu tinh todn

Xét nha khung BTCT lién khéi cao 3 tang vdi céc kich thu6c khong ddi trén chiéu cao nhu trong
Hinh 4. C4c dam ngoai doc theo chu vi nha c6 tiét dién 25 x 45 cm, cic dam trong c6 tiét dién
25 x 50 cm, ban san day 15 cm. Vit lidu st dung cho cong trinh: bé tong B30, cbt thép doc loai
CB400-V, cbt thép dai loai CB240-T, theo TCVN 5574:2018 [24]. C4c khung KB va KE dudc chen

V4
O
\25x25  I\30x30  M30x30  M30x30  Ih\30x30 =
ol |t i i if it 25x25/ | C6 E3 C6| &
S | ! i I | : i
el it it i[i i | T
of | [i30x30 il 35%35 i 35x35 il 35x35 il 35x35 ; o
@o */%::::::::#%E%:—:—:—:—:-:—#:éz%z%:—:—:—#::::::::: = CS C2 CS 8
= |k i i i i 30x30/] =
ol i il il il il I -
gl i l i i i | S
A | | i i -y C4 1 g
2525 130x30  g30x30  p3ox30  R3x30 Ny o
1 ______________________________________________
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25000 10000
@ © D ® @® @ ©)
(a) So dd mit bang cong trinh ting dién hinh (b) So d6 két ciu khung ngang

Hinh 4. So d6 két ciu cong trinh
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kin bing tudng gach dic day 20 cm mac 100, vita xi miang mac 75 theo TCVN 5573:2011 [25]. Tai
trong tac dung 1én cong trinh nhu sau: tai trong thang diing trong tinh hubng thiét ké dong dat 6 moi
ting (k& ca mdi): g + g = 9 kN/m”. Cong trinh dugc xay dung tai viing c6 gia téc nén agg = 0,1097g
trén nén dét loai D, hé s6 tam quan trong y; = 1,2; cip déo trung binh (DCM).

4.2. Kiém tra co cdu phd hoai déo hé két cdu khung dwogc thiét ké theo TCVN 9386:2012

a. Trudng hop khong xét téi tuong tac vdi tuong chen nhu TCVN 9386:2012

Theo [14], d€ cong trinh c6 thé bi phd hoai déo duéi tic dong dong dit manh, ngoai viéc tuin
theo mot s6 quy dinh vé ciu tao va tinh toan, viéc thiét ké cac cot khung phai théa man diéu kién (1).
Két qua thiét ké dugc cac cbt thép, vi du trong céc ciu kién khung ngang KE nhu trong Hinh 5, con
két qua tinh toan kiém tra diéu kién (1) cho céc cot tang 1 va 2 khung KE dudgc cho trong Bang 1 theo
ca hai phuong doc va ngang nha.

16 I5 s, 2p16+1816(2) 2015 ai6+1016(2)
2
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L1z 212 2ijzg 2018 o jih
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14 I3 4] | 05 B IO
14 13 14 3916 A Tl T
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Hinh 5. C4u tao c6t thép khung KE

Dé€ don gian tinh todn, viéc ki€ém tra muc tiéu M
thiét ké hé két cdu ducc thuc hién trén khung My a | ‘
phing KE bing phuong phap phan tich tinh phi
tuyén ddy dan. Viéc mé hinh héa hé két ciu khung Loy —
BTCT c6 dng xt dan hdi — déo dudi tic dong
dong dat, dugc thuc hién & cip vat lidu va cac ciu D E%
Q

kién chiu luc. Pdi véi cic vat liéu cla khung, ting

XU ctia bé tong chiu nén dugc biéu thi qua dd thi A
parabol — chil nhat, con cbt thép qua do thi dan

hdi — bién ciing theo tiéu chuin EN 1992-1-1:2004 Hinh 6. Quan hé momen udn — chuyén vi xoay
[26]. Cé4c céu kién khung dudc mo hinh héa theo dién hinh tai khép déo clia cac ciu kién khung
phuong phép chay déo tap trung tai cac khép déo BTCT
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ubn & dau miit cac thanh dan hoi. Cic dic trung khdp déo dudc xac dinh qua quan hé phi tuyén tdng
quat momen udn (M) — chuyén vi xoay (6) [17], st dung cac dic tinh vt liéu va ham lugng cot thép
tai cac tiét dién ctia dAm hoic cot tuong tng (Hinh 6). Khong xét téi kha ning xuét hién pha hoai cat
trong cac cu kién khung, do gi thiét khung dudc thiét ké va ciu tao theo cic quy dinh ctia tiéu chuin
thiét ké khang chin hién hanh.

Bang 1. Kha ning chiu uén ctia cic ciu kién & tang 1 va tang 2 khung KE

_ 7> [
Mg, Mj, > Mg, DMz Thép  Mpe ) Mg

Cot
© (kNm) (kKNm) (kNm) 1,32 Mgy (mm)(mm) cOt (kNm)  (kNm)
(kNm)
Theo phuong ngang Y

Cl (minNgg.) 161,036 91,869 252,905 328,777 350 350 12418 186,172 367,629
C2 (minNgg,.) 161,036 91,869 252,905 328,777 350 350 12418 181,458
Cl (maxNgg.) 161,036 91,869 252,905 328,777 350 350 12418 186,168 367,634
C2 (maxNgq4,.) 161,036 91,869 252,905 328,777 350 350 12¢18 181,467

C4 (minNgg.) 101,973 101,973 132,566 300 300 10416 84,429 165,958
C5 (minNgg4,.) 101,973 101,973 132,566 300 300 10¢16 81,529
C4 (maxNgq4,.) 101,973 101,973 132,566 300 300 10416 89,999 175,306
C5 (maxNgg,.) 101,973 101,973 132,566 300 300 10416 85,308

Theo phuong doc X

Cl (minNgg.) 145901 78,206 224,107 291,339 350 350 12418 158,682 314,829
C2 (minNgg4,.) 145,901 78,206 224,107 291,339 350 350 12¢18 156,147
Cl (maxNgq,.) 145901 78,206 224,107 291,339 350 350 12418 158,670 314,822
C2 (maxNgq,.) 145901 78,206 224,107 291,339 350 350 12¢18 156,153
C4 (minNgg.) 78,321 63,197 141,518 183,973 300 300 10¢16 91,181 178,858
C5 (minNgg) 78,321 63,197 141,518 183,973 300 300 10¢16 87,677
C4 (maxNgq,.) 78,321 63,197 141,518 183,973 300 300 10¢16 98,016 190,263
C5 (maxNgq,.) 78,321 63,197 141,518 183,973 300 300 10¢16 92,247

Viéc phan tich phi tuyén dugc thuc hién theo phin mém SAP2000, v6i ham luc ngang 1 céc
chuyén vi cudng buc cho t6i khi khung dat chuyén vi giéi han A = 4%H = 0,36 m. Hinh 7 biéu thi
mot s6 giai doan trong qué trinh xuét hién bién dang déo & khung KE: lic bat dau xuit hién co céu
pha hoai déo (budc 22, V = 338,6 kN, A = 0,075 m), khi dat Vip,x = 354,9 kN (budc 48) va khi dat
chuyén vi gidi han (budc 102). Pudng cong khé ning biéu thi ting xd phi tuyén ctia khung KE dugc
cho trong Hinh 12 (dudng lién nét). Pudng cong nay cho thiy, bién dang tuyén tinh ctia khung két
thiic & bude 6 (V =231,7 kN, A = 0,0187 m). Két qua phan tich cho thiy, khi khong xét téi tuong tac
véi cac tudng chen, khung KE bi ph4 hoai theo cd cdu déo nhu muc tiéu thiét ké dit ra.
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i

(a) Buéc 6 (b) Budc 22 (c) Buéc 48 (d) Budc 102

Hinh 7. Qua trinh phit trién bién dang déo khung KE khi khong xét ti tuong tic v6i tuong chén

b. Trutng hgp co xét tGi tuong tac véi cac tuong chen
DE thuc hién viéc phan tich tinh phi tuyén hé

két chu dugc thiét ké theo [14] nhung 6 xét t6i | coce

tuong tac véi cac tuong chen, mo hinh tudng chén Ko/ !

dugc st dung 12 md hinh vi m6é mot dai chéo tuong Vo _IOB 7 .

duong v6i mot khdp déo doc truc duy nhit & gitta }//K”t“i

chiéu dai ctia n6. Ung x1 phi tuyén clia tudng chén . /ﬁ""‘ i D E
dudi tac dong dong dat c6 dang nhu trong Hinh 8, R F R —
trong d6 quan hé gitia lvc cat V,, va chuyén vi ‘

ngang A,, clia tudng chén gdm bdn giai doan, kém Hinh 8. M6 hinh ting xt phi tuyén ctia tudng chen

theo céc tiéu chi dudc chip nhan cho bién dang
ctia tudng chén. M6 hinh dng xi nay da dugc dé xuét va ing dung trong [21].

Trong trudng hop cia khung KE dang xét, cic thong sb do cing clia céac loai tudng chén trong
khung (bé rong dai chéo tuong duong wy, cac dd cting Ky, K, va Kiny) dugc cho trong Bang 2.
Cic thong sb do bén ciing nhu cdc gia tri chuyén vi clia cac tudng chén & cdc trang théi gidi han khac
nhau dugc cho & Hinh 9. Quan hé Iuc - chuyén vi tai khdp déo doc truc clia cac tudng chén dudc cho
trong Hinh 10.

Béng 2. Céc thong sd do ciing ctia tudng chén

Thong sb Wino (mm) Wy, (mm) K, (N/mm) K,y (N/mm) K., (N/mm)

Tang 1 539 1200 22837 50825 —3558
Tang 2-3 522 1161 23647 52627 -3684
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(a) Tang 1 (b) Céc tang 2 dén 3

Hinh 9. Quan hé Iyc - chuyén vi trong m6 hinh ting x{ clia cic tudng chén
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1.4000

2.8607, 1.2854 1.4000
1.2000 2.8779, 1.2931
1.2000
ke 1.0000
@ {z, 1.0000
£ 0.8000 n
3 © 0.8000
= 0.6000 5
3] 0.6000
5 2
SIS 22.8855 [ 0.4000
o 23.0232,
0-2000 14,0000, 20:5806; 0.0800 0.2000 20.2083, TR
0.0000 0.0000 0.0800 66605 -] 2:2090:.0.9000 0.0800 -
00000 50000  10.0000  15.0000  20.0000  25.0000 0.0000 50000  10.0000 150000  20.0000  25.0000
Chuyeén vi /Chuyeén vi SF Chuyén vi /Chuyén vi SF
(a) Tang 1 (b) Cactang 2 dén 3

Hinh 10. Quan hé luc - chuyén vi tai khép déo doc truc clia cac tudng chén

Két quéa phan tich tinh phi tuyén ddy dan khung KE khi c6 xét téi tuong tic v6i cac tudng chén
cho théy, sau khi luc cat ddy dat gia tri 16n nhit Vi, = 626,3 kN va A = 0,023 m (budc 10), hé két
chu bi sut giam do ciing dot ngdt do cac tudng cheén & ting 1 khong con tham gia chiu luc cing véi
khung (Hinh 11(a)). T6i budc 15 (V = 611,5 kN; A = 0,0343 m), bat dau xuit hién cd ciu pha hoai
tang mém, toan bd kha niing chiu luc ctia hé két ciu khung chén gan nhu dudc chuyén sang cho cic
cot & tang 1 (Hinh 11(b)). Hién tugng nay xuit hién ngay cang rd nét hon cho téi bue 108, khi hé két
cAu dat chuyén vi gi6i han A = 0,36 m (Hinh 11(c)).

>~

T .

(a) Buéc 10 (b) Budce 15 (c) Buéc 108

Hinh 11. Qua trinh phét trién bién dang déo khung KE khi c6 xét tdi tuong tic vi tuong chéen

So sanh cac dudng cong kha ning cda khung 800 T L T
——Khung khong xét ti twong tac

KE trong céc trudng hgp c6 xét t6i tuong tac véi 700 v6i tuong chén theo didu kién (1)
céac tudng chén (dudng dut nét) va khong xét t6i f T | eo X 13 Suphi e F

r PRASE! T0h tuomg chén theo diu kién (1)
tuong tdc vdi cac tuong chen (dudng lien nét) trong

ll\
1
1

X[ — + Khung c6 xét téi twong tac véi

R N . o % T 1 \. tudng chén theo diu kién (24)
Hinh 12 cho thay, cac dudng cong nay co cac dang g o | :
hoan toan khac nhau, bi€u thi mot su thay ddi rat g 400 f
16n trong ung xu cua chung dudi tai,c doéng ngang. g ARER
Két qua phan tich cling cho thay su tuong tac = |
cla cdc tudng chén véi khung bao quanh da lam 2000
thay d6i hoan toan ting xd ctia khung dugc thiét ké 100 .'
theo [14], chuyén tit co cAu phé hoai déo du kién 2
sang cd cAu pha hoai gion (ting mém). Piéu nay 0050 0000 0050 0100 0150 0200 0250 0300 035 0400
hoan toan phut hgp v6i két qua nghién ctu Iy thuyét Chuys vy dint (i)
dé cap t6i trong muc 3 & trén. Hinh 12. Céc dudng cong kha ning ciia khung KE

trong cac truong hgp duge xét khac nhau
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4.3. Thiét ké hé két cdu khung theo TCVN 9386:2012 c6 xét tdi tuong tdc véi cdc tuong chén theo
diéu kién (24)

Viéc thiét ké khung BTCT chiu dong dt c6 xét t6i tuong tic v6i cic tuong chén theo TCVN
9386:2012 dugc thuc hién theo cac budc sau:

Budc 1. Thuc hién viéc thiét ké cac dam khung nhu trong trudng hop khong xét t6i tuong tac véi
céc tudng chén quy dinh trong [14]. B6 tri cbt thép cho cdc dam va xdc dinh kha ning chiu udn clia
ching. Vi du dbi v6i khung KE, cbt thép dam cho trong Hinh 5 va kha ning chiu uén ctia cac dam
cho § Bang 1.

Budc 2. X4c dinh hé sb gia ting d6 cting udn ctia dam & trang thai cuc han kp;, theo (17) va chiéu
cao 4o ctia dAm khung £y, do hiéu ing b6 ctia tudng chén gay ra theo (18). Xac dinh kha ning chiu
ubn ctia cdc dam quy tu vao nit khung va M}, khi c6 xét t6i tuong tac v6i cdc tudng chen. Cac két
qua tinh toan, vi du dbi v6i dim ting mot ciia khung KE nhu sau: cdc gid tri kp;, Va Ay, cho trong
Béng 3, con cdc tri s0 M, va Mj, . cho trong Bang 4.

Bang 3. Xdc dinh hé s6 ky;, va chiéu cao 40 Ay, ctia dim khung

Thong s6 [(mm) h(mm) by, (mm) h, (mm) b, (mm) h, (mm) w kpiv  hpmu (Mm)

Gia tri 5000 3000 250 500 300 300 2,315 2,508 680

Bang 4. Xdc dinh hé sb gia ting kha niing chiu ubn ctia cac dim khung ky,

Trong khung tréng Do hiéu ting b6 cua tudng cheén
Vi tri ks
Mg, (KNm) My, (kNm) " Mg, (kNm) Mg, (kNm) My, (kNm) " Mg, (KNm)

bmu
Damtang 1 161,036 91,869 252,905 177,067 110,870 287,937 1,14

Budc 3. Thiét ké cac cot tir gia tri Z Mg, xac dinh theo diéu kién (24). Vi du dbi véi cac cot giiia
C1 va C2 trong khung KE:

Z M. = 1,3k Z Mgy = 1,3 % 1,14 x 252,905 = 374,806 kNm

Tit gid tri momen udn nay, tinh todn va ciu tao cdt thép cho cac cot C1 va C2 sau d6 kiém tra lai
theo diéu kién (24). Cac cot khac ciing dudgc thiét ké theo cach tuong tu.

Pé c6 thé so sanh cach thiic thiét ké nay véi cach thic thiét ké khong xét téi tuong tic véi cac
tuong chén dé cap t6i trong muc 4.2a, thay vi thiét ké méi hoan toan cac cot theo diéu kién (24), ta
chon lai kich thudc tiét dién cac cot tang mot (ndi ¢6 nguy co pha hoai ting mém 16n nhat) trong khi
& céc tang khdc gitt nguyén khong thay ddi, cu thé ting chiéu cao tiét dién cac cot tang 1 (C1 va C4)
mdi cot thém 50 mm. Véi cac kich thudc tiét dién cac cot da dugc lua chon, thuc hién tinh todn cot
thép cot C1 va C4, tinh todn kha ning chiu udn MRcmu va kiém tra diéu kién (24). C4c két qua tinh
toan dudc cho trong Bang 5.

D€ kiém tra muc tiéu thiét ké ctia khung KE c6 xét i tuong tac véi cac tudng chén theo diéu kién
(24), thuc hién phan tich tinh phi tuyén v6i cdc cdc mo hinh ting xi phi tuyén ctia khung va tudng
cheén dugc st dung trong cac vi du 4.2a va 4.2b.

Két qua phan tich ddy dan cho thiy, & bude 11 (V = 655,8 kN; A = 0,033 m) cic tudng chén & hai
tang dudi cung bi sup dd, cic diu miit dam ting 1 va toan bd chan cot trén mit moéng bat dau bi chay
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Bang 5. Két qua thiét ké cac cot ting mot & khung KE khi xét téi tuong tac v6i tudng chen

> My >

Cot My, My, ) Mro be  he  Thép Mpaw ) Mrem
- (kNm) (kNm) ‘&Nm) L3kwp ) Mg, (mm) (mm) cot (kNm) (kNm)
(kNm)
Theo phuong ngang Y
C1 (minNgg.) 161,036 91,869 252,905 374,806 350 400 12¢18 230,988 412,446
C2 (minNgg.) 161,036 91,869 252,905 374,806 350 350 12¢18 181,458
C1 (maxNgg.) 161,036 91,869 252,905 374,806 350 400 12¢18 231,030 412,496
C2 (maxNggq.) 161,036 91,869 252,905 374,806 350 350 12¢18 181,467
C4 (minNgg,) 101,973 101,973 151,125 300 350 10¢16 106,280 187,809
CS5 (minNgg.) 101,973 101,973 151,125 300 300 10416 81,529
C4 (maxNgg,.) 101,973 101,973 151,125 300 350 10¢16 114,930 200,238
C5 (maxNgq,.) 101,973 101,973 151,125 300 300 10¢16 85,308

déo (Hinh 13(a)). O budc 17 (V = 604,4 kN; A = 0,059 m), toan bd cic diu miit trén ctia cic cot ting
2 bat dau bi chay déo, cdc tudng chén & ting 2 ciing bi pha hoai trim trong nhung hé két ciu khong bi
phd hoai tAing mém nhu khi dudc thiét ké theo diéu kién (1) trong vi du 4.2b (Hinh 13(b)). O bude 113
khi dat chuyén vi gidi han A = 0,36 m van khong xuét hién co ciu ph4 hoai ting mém (Hinh 13(c)).
Nhu vy, viéc thiét ké khung BTCT chiu dong dit theo TCVN 9386:2012, nhung véi diéu kién (24)
hoan toan loai b dudc nguy co pha hoai ting mém.

[ \\ ‘ 3 P
} \\ Ve \\\ \\\
| \‘\\ | \\\ / c/\.\\; c/ S =7
/Z.—::\\ ’/0. /\ i / ‘\\\ . / / \\\/
\o\ / \“\ /’/ / “i °/\/7i°_/,_'/
Ty e & \s/’ )
(a) Buéc 11 (b) Bude 17 (c) Bu6c 113

Hinh 13. Qua trinh phét trién bién dang déo khung KE khi dudc thiét ké dé théa man diéu kién (24)

Pudng cong kha ning ctia khung KE dudc thiét ké theo diéu kién (24) khi c6 xét t6i tuong tic
véi céc tudng chén (dudng dit nét hai chAm) trong Hinh 12 cho thdy mot dng xi vugt trdi so véi cic
truong hop dudc thiét ké theo diéu kién (1) quy dinh trong [14] khi khong xét va c6 xét t6i tuong tic
vGi cdc tuong chen.

5. Két luan

Qua cic nghién cifu ly thuyét va két qua tinh todn thuc hién & trén, c6 thé rit ra mot sd két luan
chinh sau:

- Su tuong tac gitta tuong cheén véi khung bao quanh dudi taic dong ngang da lam gia tang do cling
udn ctia cidc dam khung. Lan dau tién qua nghién ciu ly thuyét, da dinh luong héa dudc su gia ting
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dd cing ubn nay ctia dim khung qua céc giai doan chét tai khac nhau.

- Hé qua ctia su gia ting do ciing udn ctia dAm khung khi c6 xét t6i tuong tic v6i cac tudng cheén,
lam thay d6i nguyén tic thiét ké co ban “dam yéu — cot khoe” quy dinh trong céc tiéu chuan thiét ké
khang chén. Do dé, yéu cau phai théa man diéu kién (1) khi thiét ké khung BTCT chiu dong dat quy
dinh trong TCVN 9386:2012, ma khong xét tdi tuong tac v6i cac tudng chen sé co nguy co lam cho
hé két cAu bi ph4 hoai gion (ting mém) khi chiu dong d4t manh.

- Két qua nghién cifu ly thuyét di dinh lugng héa dugc hé sb gia ting kha ning chiu ubn ctia cac
dam khung khi c¢6 xét t6i tuong tac v6i cac tudng chén kyy, > 1,0. Két qua nay cho phép dua ra diéu
kién (24) ddm bdo xuit hién co cAu pha hoai déo ctia khung BTCT chiu dong dét khi thiét ké theo
TCVN 9386:2012 nhung cé x€t t6i tuong tac véi cac tudng chen.

- Két qué phan tich tinh phi tuyén ddy dan trén mot nha khung dugc thiét ké theo TCVN 9386:2012
cho céc trudng hop thda man diéu kién (1) khi khong xét va c6 xét tSi tuong tac vdi cac tudng chén va
thoa man diéu kién (24) khi c6 xét téi tuong tac vdi cac tudng chén, bang md hinh tng x phi tuyén
clia tudng chén dugc dé xuét, di cho thdy c6 su phi hop rit tot v6i cac két qua nghién cidu ly thuyét
da thuc hién.

Su hién dién ctia tuong chén trong khung nim ngoai y muén cta chiing ta. Sy tuong tic giita
tuong chén véi khung bao quanh dudi taic dong ngang, cling tuong tu nhu vay (ngoai trti chung ta ap
dung cic bién phap dé cach ly tudng chén ra khéi khung). Khic véi diéu kién (1), diéu kién (24) hoan
toan diing trong moi trudng hop cé xét va khong xét téi tuong tac vdi tudng chén. Do d6, hy vong két
qua nghién ctiu nly s& gop phan 1am cho viéc thiét ké hé két cAu khung thém an toan va kinh té hon,
mot van dé rt phiic tap kéo dai hon nifa thé ky nay nhung van chua t6i dich cudi cling.

Loi cam on

Tic gia chan thanh cidm on B Xay dung vé su hd trg dé tai “Nghién ctiu dnh hudng cia tudng
cheén t6i hé két ciu khung bé tong cbt thép chiu dong dét, dugc thiét ké theo quan niém hién dai”, ma
s6 RD 36-18 va PGS.TS Nguyén Lé Ninh, BO mon Cong trinh Bé tong cbt thép - Trudng Pai hoc Xay
dung vé nhiing y kién quy bau trong viéc hoan thanh ndi dung nghién cifu nay.
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