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Bai béo nay d& xuit mé hinh gian 4o cai tién (MSTM) nham dv bao kha ning chiu xo#n thuin tdy ctia dAm
bé tong cbt sgi thép (SFRC), cic tiéu chudn hién hanh chua cung cip huéng din ddy di va théng nhét trong
thiét ké khang xoén cho loai két cAu nay. M6 hinh MSTM dugc phét trién trén co s& Iy thuyét gian ao khong
gian va ly thuyét éng thanh mong tvong dwong, ddng thoi xét dén déng gép sau nit cua soi thép thong qua
cac thanh phan chiu kéo tuong dwong theo phitong doc va phiong ditng, tit d6 xac 1ap stic khang xodn theo
diéu kién giéi han béi cac co ché chiu lyc chi phéi ctia hé gian. Do tin cdy ctia mo hinh d& xuit dugc kiém
chitng bing co s& dit liéu gdm 86 dAm SFRC tdng hop tit cdc nghién citu thitc nghiém tride day va so sanh
v6i cic mb hinh gian 4o theo tiéu chuin ACI 318-19. Két qua tinh toan cho thiy mé hinh gian 4o theo ACI
318-19 ¢6 xu hwdng du bao thién vé& an toan; viéc hiéu chinh géc nghiéng 6 cho di bdo phit hgp hon nhing
vin thip hon thyc nghiém. Trai lai, mé hinh MSTM cho wéc tinh phit hgp nhit va du bdo gin sat thuc
nghiém dbi véi dAm SFRC chiu xofn thuln tiy.

ABSTRACT

Pure torsion
Torsional strength
Steel fiber-reinforced concrete

Strut-and-tie model

This paper proposes a modified strut-and-tie model (MSTM) to predict the pure torsional capacity of steel
fiber-reinforced concrete (SFRC) beams, for which current design standards do not provide sufficiently
comprehensive and consistent guidance for torsion-resistant design. The MSTM is developed based on three-
dimensional space truss theory and an equivalent thin-walled tube approach, while explicitly accounting for
the post-cracking contribution of steel fibers through equivalent tensile components in both the longitudinal
and transverse directions. Accordingly, the torsional resistance is established by enforcing limit-state
conditions governed by the controlling load-carrying mechanisms of the truss system. The reliability of the
proposed model is assessed using a database of 86 SFRC beams compiled from previous experimental studies
and by comparison with ACI 318-19 strut-and-tie-based models. The results indicate that the ACI 318-19
model tends to produce conservative predictions; adjusting the strut inclination angle (6) improves the
agreement but the estimates remain lower than the experimental results. In contrast, the proposed MSTM
provides the best overall agreement and yields predictions that are closest to experimental observations for

SFRC beams subjected to pure torsion.

1. Gi6i thidu

Bé tong thong thuong cé cudng dd chiu nén cao nhung cuong
d6 kéo thip va xay ra sy pha hoai gion, dot ngot khi chiu xoén [6]. Khi

Viéc nghién cttu dm bé téng cdt soi thép (SFRC) chiu xodn bt xudt hién vét nit xodn, dd ciing ctia dim bé tong c6t thép thong thuwdng

ngudn tif nhitng yéu ciu thuc tién trong kién tric hién dai, nhitng han
ché ctia bé téng truyén théng va chua dige dé cap trong cac tiéu chuin
thiét ké hién nay [1]. Trong cac cong trinh hién dai, cic thiét k& kién
tric ngay cang trd nén phic tap v4i nhiéu hinh déng bat thuong, két
ciu manh va nhip 16n [2, 3]. Diéu nay d4n dén viéc cdc ddm bién, ddm
cong x6n hodc cac ciu kién dang cong chiu tic dong xodn lén do tai
trong 1éch tAm, Iyc ly tAm hodc tai trong dong dat giy ra [4]. Lich s
cho thdy triée nhitng ndm 1960, cic ky su thwong bo qua tdc dong
x0an trong thiét ké ¢4 din dén nhiéu sy ¢ hu héng nghiém trong [5].
Do d6, viéc hiéu 16 va du’ bdo chinh xac kha ning chiu xo#n 1 yéu cau

can thiét @€ ¢am bao an toan cho cac coéng trinh hién dai.
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suy giam nghiém trong, d4n dén bién dang 16n va pha hoai [7]. Bé tong
c6t sgi thép (SFRC) nhuv mot giai phap kha thi d¢é khic phuc nhitng han
ché trén, viéc b6 sung soi thép gitip tao ra co ché "dan" qua vét nift
(crack-bridging), gitip kiém so4t chigu rong va mé rong cac vét nit,
chuyén d6i ting x¢ ctia két ciu tif 'ng x¥ gion sang co ché déo, ting
kha niing hip thu ning lvgng va do déo, dic biét quan trong cho cac
két cau chiu né hodic dong dat [8-10]. Kha ning kiém soat sy hinh thanh
va phét trién vét niit ctia SFRC 1am gidm déng ké d6 thdm nude ctia bé
tong, han ché sy xAm nhép cua cac tdc nhin dn mon dén cot thép, tir
d6 nang cao dd bén ciing nhu tudi tho ctia cong trinh.

Mic du tiém ning Gng dung ctia SFRC trong két c&u chiu xo#n la
rdt 16n, cac quy chuén thiét k& 16n hién nay nhv ACI 318-19 [11],
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Eurocode 2 [12] va Model Code 2010 [13] vaAn chuva dua ra duoc cic
huwéng dan ddy da va théng nhét cho viéc tinh to4n khang xodn cua
dam SFRC. Cac cong thifc hién cé trong céc quy chuin thudng dia trén
céc md hinh udn ho#c cit don gian, va trong mét s6 tredng hop khong
dam bao an toan khi chiu tic dung xodn phtic tap [14]. D& khang xoin
theo cach truyén théng, cac quy chuén yéu ciu mét ltong 16n cdt thép
dai kin va c6t thép doc bé tri day & géc va cac thanh dam [11, 15]. Piéu
nay thudng gay ra hién tvgng khong dam bao khoang hé cét thép, khé
khén cho qué trinh d6 va ddm nén bé tong, anh huéng dén chat lugng
thi cong. Hon nita, viéc bd tri qua nhiéu c6t thép tai mot ving hep cé
thé dan dén hién twgng (ng sudt tip trung va giam hiéu qua lam viéc
ctia két ciu [1]. Cac nghién cttu gan day cho thdy sgi thép c6 tiém ning
thay thé mét phan hodc hoan toan lwgng cdt thép dai téi thiéu, gitp
don gian héa quy trinh thi cong va t6i wu héa chi phi vat liéu [15]. Viéc
x4y diyng mot mé hinh toén hoc théng nhét, chinh xac va dé 4p dung
cho k¥ st thifc hanh 1a giai phép cén thiét @€ dwa SFRC ¢ng dung rong
rai hon.

Trong nghién citu ndy, trinh bay mé hinh gian 4o theo tiéu chuin
ACI-318-19 [11] va md hinh MSTM dé x4c dinh kha niing chiu xoén thuin
tty ctia dAm SFRC. Trong mé hinh MSTM, ting xt chiu kéo ctia soi thép
duge ké dén theo céc phwong 1am viée do xoén. T4m muci sdu dAm SFRC
cta cic nghién citu thyc nghiém trude day dugce thu thap, dé danh gia

v6i cac mo hinh gian 4o theo céc tiéu chuin hién hanh va MSTM.
2. M6 hinh gian 4o theo ACI-318-19 [11]

Ly thuyét gian 4o la ly thuyét dugc st dung rat phé bién trén
toan thé gi6i dé xac dinh kha ning chiu xo#n, dwgc phat trién dau tién
b&i Rausch [16] va dugc hiéu chinh béi Lampert va Thiirlimann [17],
cling v&i nhiéu nha nghién cifu khéc. Vi dy, dang cai tién cua ly thuyét
nay did dugc duwa vao tiéu chudn ACI-318-19 [11], CEB-FIP-90 [18],
CAN3-A23.3-04 [19] va EN-1992-1-1:2004 [12]. Trong md hinh gian
4o ndy, gia dinh ring chi cac viing bién c6 chiéu day hiéu dung (t;) ctia
mit cit ngang c6 kha ning chiu luc xodn, va dya trén co s& ndy, cic
mat cit dic va réng dugc 1y tudng héa thanh mot miat cit rdng gia dinh
c6 thanh mong véi d6 day khong ddi (t;). Mot dong tGng sudt cét (q)
khéng d6i dugc gia dinh trén d6 day thanh hiéu qua (t,) theo 1y thuyét
x0an ctia Bredt [20] (Hinh 1) va dugc thé hién qua phuong trinh (1).
I

24,

Trong phuong trinh (1), T biéu thi mé men xodn va A, 1 dién tich bén

q

trong dwdng trung tuyén ctia mét cit rdng gia dinh, bao gom ca cac
viing 16i réng bén trong (dién tich ctia dong cét). Hon nita, cac thanh
clia mit ct rdng gia dinh nay dugc ly twéng héa bing mo hinh gian
khong gian. Cac thanh chong chiu nén ctia bé tong, nghiéng theo chu vi
v6i géc 6, & trang théi can bing véi cac thanh gidng chiu kéo doc va
ngang, bao gom cdt thép doc va cot thép ngang (Hinh 2). Cét thép doc
dugce gia dinh tip trung tai cic géc, trong khi cdt thép ngang duoc xem

b tri theo phitong dung clia cac mit cit. Kha ning chiu tai xodn dugc

x4c dinh théng qua céc lic trong thanh chong; Ging suét cit khong dugce
ké dén. Céc Iyc trong thanh chdng c6 thé dige xac dinh tif cic quan sat
can biing tai mot nit gian. P& don gian héa, viéc trién khai mit cit rong
gia dinh cta dam bé tong cdt thép va dige goi 1a md hinh twdng cit
duge xem xét (Hinh 2). V&i mé hinh tudng cit, kha ning chiu tai xoin
ctia 6t thép doc digc xac dinh nhu sau:

_ 24 Ay tand (2

sl
h

va kha ning chiu xoén cta cbt thép dai (ngang) dwoc xac dinh bing:

2 A() A.\‘t f‘}

L cotd 3

st

S
Hon nita, theo ACI 318-19 [11] chi ra ring trong tridng hop
xoan thuin tdy, d6 bén xodn digc danh gia bi gidi han bdi kha ning
chiu nén ctia bé téng (T.), c6 thé digc biéu thi cho bé tong cudng dod
théng thuong nhu sau:

' g2
;UL
‘" 12P,

trong dé: £, 1a cudng d6 nén miu tru cta bé tong; A, va Ay 1an
lwot 1a dién tich ctia mot nhanh dai kin va téng dién tich cbt thép doc;
fyevaf,la ctdng dd chay déo cua thép dai va thép doc; s 1a khoang céch
cbt thép dai; A, = 0.85A,, 1a dién tich dugc bao quanh dong cit; A, 1a
dién tich phin 16i bén trong tinh tit tim cbt dai; P, la chuvi phan 15i
dugc bao bdi cbt dai kin.

Véi gia dinh bé tong khong déng gép vao stic khang cét (V, = 0)
trong trudng hop xoén thuln tiy. DAy 14 gi6i han trén vé& kha ning chiu
xoin do phé hoai ép v& bé téng & thanh chéng nghiéng, doc lap véi su
lam viéc clia cbt thép. Gia tri (T, e) phan 4nh kha ning chiu nén ctia bé
téng dudi tic dong ctia trang théi ting suat hai truc, trong d6 bé tong chiu
nén doc theo thanh chéng nghiéng va ddng thoi chiu kéo theo phwong
doc va dting ctia c6t thép doc va dai tiong ting. Cuidng dd xoin thiét ké
cubi cling dwgc 14y bing gia tri nhé nhét trong ba gia tri dudi day:
T,,T.} ®

K

Tu,ACI =min {T

st

2.1. Goc nghiéng O theo ACI 318-19 [11]

Goéc nghiéng 0 xudt hién trong céc biéu thitc danh gia d6 bén
x04n tridc day cho dam bé tong c6t thép (BTCT) duge thé hién vt 1y
1a géc gitta doc truc dAm va cac thanh chéng chiu nén bé tong cta gian
khéng gian 1y twéng dige st dung dé moé hinh héa @¢ng xtt cta dam
duwéi lwe xodn. Trong khi cac gidi han (22° < @ < 45°) duge khuyén
nghi b&i EC2-04 [12] &4 quy dinh réing gia tri clia 6 phai bing 45° d6i
vGi thiét k€ dam bé tong cot thép trong ving dia chin chinh. Theo ACI
318-19 [11] thi géc nghiéng 6 thay d6i tir 30° dén 60°. P6i v6i cac cdu
kién khong tng lyc tride thi ACI 318-19 [11] khuyén céo 14y 6 = 45°,
d6i v6i cac cdu kién ng luc trwde thi 1dy 6 = 37,5°. Trong khi do,
TCVN 5574-2018 [21] xét géc nghiéng 6 dya trén chiéu dai hinh chiéu

ctia canh chiu nén cua tiét dién khong gian 1én truc doc ciu kién. Gia
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tri cia @ = 45° duge xem xét trong nghién citu nay cho hai tiéu chudn
ACI 318-19 [11] va EC2-04 [12] d6i véi dam BTCT chiu xodn.

2.2. Xdc dinh géc nghiéng 6 theo mé hinh gian do

Géce nitt nghiéng bé téng (6) 1a yéu t6 rat quan trong dbi véi ciu
kién BTCT chiu cit va xofn, va anh huéng déng ké dén kha ning chiu
x0én clia cAu kién BTCT [22, 23]. G6c nghiéng trong triedng hop nay tuén
thi cac huéng dan riéng biét cho céc ciu kién BTCT duéi tac dung xoén
thudn tiy [11, 12]. Céc tiéu chuén nay quy dinh ring pham vi géc nghiéng
ctia cac ciu kién BTCT chiu xoin dugc gidi han bdi: 1,0 < cot(6) < 2,5.
Mat khac, cac khai niém duge quy dinh trong NCHRP Report 655 [24]
tong thich véi cdc thong sé ki thudt trong tiéu chuin AASHTO LRFD
[25] dé danh gia kha ning chiu cit va xoén. Do d6, gia tri chinh xéc cta
6 cho wéc tinh trong thong sb ki thuét clia NCHRP Report 655 [24] duoc
tinh todn va giéi han bdi cot(8) < 1,8 [25]. Trong phin nay, mé hinh
gian 4o (thanh chéng - giing) dwoc d& xuit dé tinh toan géc nghiéng nay
ctia dAm BTCT xoén (Hinh 3). M6 hinh nay dugc cAu tao bdi cdc thanh
chéng bé téng theo phuong nghiéng, cbt thép doc va cbt thép dai déng
vai tr0 14 thanh chiu kéo theo ca hai phuong doc va diéng. Géc nghiéng
tdi wu 6 dugc xdc dinh dya trén diéu kién can bf'ang va twong thich bién
dang giita cbt thép va bé téng. Ta c6 thé thiét 1ap mbi quan hé gitta Ivc

trong c6t dai va cbt thép doc nhut sau:

F,tan@=F,cotd (6
trong d6 F,, 1a luc kéo trong c6t dai theo phitong vudng goc véi
truc dam; F, 1a lyc kéo trong c6t thép doc theo phwong doc truc ctia
dam. Céc luc nay dugc x4c dinh nhy sau:

F — Avtf:vt (7)
st s
_ A
sl 1—_;[

Tt diéu kién can béng Iyc (9), ta c6:

tand = i ©
sl
Thay cac biéu thitc cta (7) va (8) vao phuong trinh (9), géc

nghiéng t6i wu dugc xac dinh bdi:

AszfyIPh (10)
A

slJ yl

F
0 =arctan |[—L = arctan

sl

N

Phuong trinh (10) cho thay g6c 6 phu thudc vao ty sé gitta lvgng
c6t thép doc va cdt dai. Khi ham lvgng c6t thép doc ting (hodc cdt dai
giam), g6c 0 ¢6 xu hudng giam va nguge lai. Diéu nay phit hop véi
quan sét thue nghiém ring cdc ddm c6 nhigu c6t thép doc thudng cé

vét nitt v&i géc nghiéng nhé hon.

max

q/t,

7=
h

T
b

T
b

—
jr —

(@)

|

'

(b)

Hinh 1. Trang théi @ng suat cit do xodn thuan tiiy: (a) dan hdi trude nit, (b) theo Iy thuyét ng thanh méng sau nit.

Theép dai

Thép doc

Thanh chéng
bé tong chiu
nén

Hinh 2. M6 hinh gian 4o sau n@t theo ACI 318-19 [11].
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Vét nirt bé tong

Thanh chéng bé tong

L f -~
N o
q; VIRV Frr “ - 1 i
A A A AL A2 T q
L LA e (R
\m \_ | k ‘
Thép dai Thép doc D

Hinh 3. M6 hinh gian ao xac dinh géc nghiéng 6.

3. Mo hinh gian ao cai tién (MSTM)

M6 hinh gian o don gian theo ACI 318-19 d4 trinh bay & Muc
2, chwa ké dén anh huwéng cta sgi thép trong két ciu bé tong cét sqi
thép chiu xodn. Do d6, md hinh gian 4o cin cé céc hiéu chinh dé phit
hop hon trong co cdu gian. Trong phan nay, anh hudng cta soi thép
lam ting kha nang chiu kéo ctia bé téng sgi thép so véi bé tong thong
thuwdng digce ké dén.

L
Cj Sl
C
S
L
q
=
F:; ‘ﬂf%
1]

Hinh 4. So dd phén tich ctia mé hinh gian 4o cai tién (MSTM).

Trong md hinh gian 4o dé xuit (MSTM), kha ning chiu mé men
xo0dn (T,) ctia ddm SFRC dugc thyc hién dia trén 1y thuyét gian ao
khong gian [26] va 1y thuyét thanh méng [20, 27]. Kha ning chiu xoin
ctia ddm SFRC dugc xem gom hai thanh phén: phin c6t thép va phin
bé tong cot sgi. Trong md hinh gian 4o khong gian v&i géc nghiéng 6,
noi Iyc trong thanh gifing chiu kéo bao gom thanh bién 1a cét thép doc,
thanh bung 14 c6t thép dai, va thanh chdng nghiéng bé téng chiu nén
lan lugt duge ky hiéu 1a L, S va C. Céc thanh phin lye cta ndi lyc C
theo phiong X va Y dwgce can bing bdi S, trong khi thanh phan luc
theo phuong Z dugce can bing béi L, dwge minh hoa & Hinh 4.

Ngoai ra, dé tinh dén hiéu tng chiu lyc cua sgi thép, mé hinh
gian khong gian cin phai dugce diéu chinh. Céc sgi thép “dan” cac vét
nit gitta cdc thanh chéng nghiéng bé tong chiu nén va cho phép truyén

Iyc qua céc vét nitt, do d6 hiéu ng chiu tai cta soi thép cé thé duge

chia thanh hai thanh phén: doc va ngang (Hinh 5). Néu hiéu tng chiu
litc ctia chiing dwge hiéu nhu cdc thanh chéng chiu kéo b6 sung theo
phitong doc va ngang, mé hinh tdm tuong phing chiu cit ctia dam
SFRC dugc thé hién trong Hinh 6 s& dugc hinh thanh [1]. CAc lyc thanh
gidng chiu kéo bd sung boi bé tong soi thép thong qua Fy va Fy, dugc

dwa vao cdc nat (nit A) khi xét can b?ng theo hé gian.

A

.s*lx yt

‘ h, xcot

1
Hinh 5. So @6 phén tich ¢ng suit cia mo hinh 6ng thanh mong.

Nuat A

L L

< e /ss
his 7, 7 p

u cot(0) u=2(b,+h,)

Hinh 6. Cin bing nut ké dé thanh gising kéo do bé téng soi thép gay ra.

Nuat A

Dong ting suat cdt (r) do xodn thuan tdy giy ra (xem phuong
trinh 1) cé thé digc téng hop théng qua chiéu cao ctia tAim twdng chiu
cdt (u) thanh lyc cit Vi, (u — cling chinh 1a chu vi hiéu dung ké dén
trong tAm ctia dong ¥ng sudt cit (r) nhu sau:

Tu (1)
24

0

VT:qu:

Luc cit tic dong tac dung dugc xac dinh béng cach 14y can bing
bdi déng gop cta thanh cot thép chiu lye (thép doc va dai) va thanh
phén bé tong soi thép theo cdc phiong doc truc va phuong ditng [1].
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Dai v6i cac thanh chéng chiu kéo ctia soi thép theo phuong doc, dia
trén hinh chiéu can bing lic theo phiong doc ta xéc dinh dugc:

F,=V,cotd = %cot@ 12
D3i v&i cac thanh gifing ctia bé téng sgi thép theo phiong ding:
F,=V, = 2%’ 13
Véi gia thiét tong hop luc digc phan b6 déu va vudng goéc véi
bé mit vét nit nhu trén Hinh 5 va Hinh 6, ta c6:
Ay =ut, A4
Va dién tich bé tong sgi thép theo phuwong ding xéc dinh béi
(Hinh 4):
A, =ucotr, 15)
T phvong trinh (12) va (13), ta xac dinh dugc ¥ng sudt giy ra
trén bé mit vét nit nghiéng nay theo phuong doc truc nhu sau:
o =Tn _Teotd o)
"4, 1,24,
Tuwong tu, tit phuwong trinh (13) va (15), ta xac dinh dugc Gng sut
gdy ra trén bé miit vét niit nghiéng nay theo phuong ding nhu sau:
S N
A, 1,24,cotd
Néu phiong trinh (16) va (17) duoc chuyén déi sang T va céc
{ing suat duge thay thé bing cudng do chiu kéo sau nift twong Gng cta
bé tong so1i thép (0; = f,5va 0, = f,z) [28], kha ndng chiu tai xodn cla
céc thanh chéng riéng 1é tai trang thai pha htuy dugc xac dinh. D6i véi
cudng dd xodn ctia bé tong soi thép theo phirong doc:
T, =f ,24,tan0 (8)
D6i v6i cudng d6 xodn ctia bé téng sgi thép theo phuong diing:
T, =1 ;t,24,cot@ 19
Trong m6 hinh MSTM nay, f; 5 va f,f, s dung tif cAc mo hinh kéo
trite tiép miu thit SFRC d4 dugce phét trién, hiéu chinh va kiém chiing
trong céc nghién cttu tri'ée. Cu thé, md hinh kéo hai truc cho bé tong
théng thudng do Vecchio va Collins [29] phét trién; dugce hiéu chinh
bé&i Susetyo [30, 31] thye hién tai Pai hoc Toronto cho tAm panel SFRC
khi xem xét dén anh huéng cia sgi thép thong qua hé s6 soi (Fp; gan
day, drgc mé rong va kiém ching cho cdu kién SFRC chiu xodn b&i Ju
va cong sy [28, 32-34]. Hon nita, f;;va f,; trong MSTM dugc hiéu 1a
cudng dd kéo sau niit tiong dwong theo hai phiong lam viée do xodn
(phuong doc va phwong ditng), ky hiéu bdi f,, ., duwgc 1dy theo dudng
bao kéo ctia mé hinh kéo SFRC tuong tng v&i bd tham s6 soi (pg d Iy
V)) ctia d4m xét dén, thé hién qua phwong trinh (20) dudi day [28]:
y _ Jor +3.5F, (20)
ersfre 1+ (5006‘” )0.5(1—17/)
trong d6 f,, va g, 1an lugt 1a ctdng d6 nit va bién dang niit cua
bé tong thuong [29].
Hé s6 so1i (Fy) 1a ham cua céc tham s6 dac trung vat liéu sgi nhu
hé s6 bam dinh (p), dudng kinh soi thép (d), chiéu dai soi thép (1) va

ham lugng thé tich sgi thép (V) [28], x4c dinh bdi:
Fy = Cll_f Vip, @D
f

Tit d6, kha ning chiu xoén theo cic phiong bing téng kha ning
chiu Iyc ctia céc thanh c6t thép (phuwong trinh (2) va (3)) va bé tong sgi
thép (phuong trinh (18) va (19)). Déi véi phitong doc, kha ning chiu
xodn bing t&ng kha niing chiu xoén ctia cét thép doc va bé téng sgi thép
theo phuong doc nhu sau:

T;ﬂ =T, +Tﬂ 22)
A
T, = u” f24,tan 0+ f, ;.24 tan@ (23)

Va cot thép dai va bé tong sgi thép theo phuwong ding:

Ty =T,+T;, ¥
A
T, :TS’fytZAo cot@+ f, ;,24,cotd (5

Do cuwdng d6 chiu nén cta bé tong chiu it &nh hwéng bdi sgi thép
[13], vi vy phuong trinh (5) dugc ap dung lam gi&i han chiu lyc cho
thanh chdng nghiéng trong bé tong ¢t sgi thép do xodn thuin tiy giy
ra. Do vdy, trong md hinh MSTM d& xuat nay, kha ning chiu xoén ctia
dam dugc xac dinh 12 gia tri nhé nhét bdi (T, Ty, va T,) duge thé hién
trong phuong trinh (26) duédi day:

T :min{T

u,MSTM sft 2

T T} (26)

sf1> e

4. DPanh gid mo6 hinh
4.1. Théng s6 cdc ddm SFRC

Dé x4c dinh d6 chinh x4c va tin cdy ctia mé hinh dé xuit trong
dy béo kha ning chiu xodn ddm SFRC. T6ng cong 86 dam thi nghiém
dugce thu thap trong d6 82 dam tiét dién dic va 4 mau th nghiém dam
tiét dién rdng ctia céc cong bd clia céc tac gia trén thé gidi duge st
dung dé danh gia [1, 7, 8, 31, 34-45]. Cdc dam c6 ham lugng c6t thép
(ps Pso), ti 1€ kich thiée hinh hoc (b, h), céc loai soi thép (p) khdc nhau.
Ngoai ra, ctdng do chiu nén bé téng (f.) trong khoang tir 17 MPa dén
53 MPa, va ham lugng thé tich sgi thép (V) tit 0,30 % dén 3,0 %.

4.2. Khd ndng chiu xodn

Trong phan nay, két qua phan tich du b4o kha ning chiu xodn
(T,) cia dAm SFRC dugc chia 1am ba tredng hgp nhut sau: Phén tich 1
- dya trén mo6 hinh gian ¢ cta Tiéu chuin ACI 318-19 [11]; Phan tich
2 —mo hinh gian 4o theo tiéu chuin ACI 318-19 [11] nhwng xét dén cai
tién géc nghiéng (0), da dugce trinh bay ¢ Muc 2.2; va Phén tich 3 - md
hinh gian 4o cai tién (MSTM) dugc dé xuit b&i nghién citu nay. P6i v6i
4 dam réng, chiéu day hiéu dung (t,) dugc 18y khong 16n hon chigu day
thic ctia thanh dim (t;), nghia 1a (t; < ;). K&t qua tinh todn dy bdo
kha ning chiu xo#n (T,) theo Phan tich 1, 2 va 3 1an gt thé hién trén
cic Hinh 7, Hinh 8 va Hinh 9.
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Hinh 7 trinh bay két qua du bdo kha niing chiu xoin (T,) ctia
phuong phédp Phan tich 1 théng qua so sénh tryc tiép gitta gia tri tinh
todn (T,) va gié tri do dugc tir thic nghiém (T,.y,), dong thoi danh
gid béng ty 6 (T, a1/ Tyexp)- Trén dd thi tvong quan (Hinh 7a), phan 16n
céc diém dif liéu nim dwi duong déng tri (T,eq = Tep), cho thiy mod
hinh ¢6 xu hwéng du doén thap hon thic nghiém; nhigu diém con ndm
duéi ca dai sai 1éch -20 %, cho thay sai s6 khéng chi mang tinh ngiu
nhién ma chénh léch thip hon ro rét. Nhin dinh nay duge cling ¢6 boi
dd thi ty s6 (Hinh 7b), trong d6 da s6 mau cho (T, /Tyer
chi ¢6 5 dam dat hodc vugt mite 1,0 (chiém 5,81 %), tic 14 kha ning
dy doédn 16n hon thye nghiém rdt han ché. Gia tri trung binh (MV) ctia
ty 86 (Tyear /Typenp) bing 0,565; dong thoi d6 1éch chudn (SD) dat duge
bzng 0,25 phan 4nh d6 phén tan dang ké cta két qua. Ngoai ra, phan
bo ty s6 theo Ty,
mo men nho va van duy tri xu thé dy do4n thdp hon & cdc mifc m6 men

< 1,0), va

cho thiy do phén tan 16n hon véi cadc dam cé gié tri

trung binh va 16n. Dya trén két qua tinh todn, phtong phép Phan tich
1 thé hién xu huéng du bdo thién vé an toan khi thdp hon két qua do
dugce ti nghién cu thye nghiém & phéin 16n cidc dam SFRC.

Hinh 8 trinh bay két qua dy bdo (T,) ctia phiwong phap Phan tich
2 thong qua quan hé gitta gia tri tinh toan (T, ) va gia tri thi'c nghiém
(T,exp), d0Ong thoi dénh gid bang ty s8 (T, /Tyeyp)- Trén do thi tiong
quan (Hinh 8a), c4c diém dif liéu nhin chung cho di béo t6t hon va gan
hon so v6i dudng déng tri (T,.q = T,ep) va phan b6 tap trung hon
trong dai sai léch +20 %, cho thdy mitc d6 phit hgp gitta tinh toan va
thi nghiém t6t hon so v&i Phan tich 1; tuy nhién, xu huéng dy bdo md
men xoén cuc han (T,) van thdp hon so v6i thuc nghiém. Pigu nay duge
thé hién trén biéu d6 ty s6 (Hinh 8b) véi gi4 tri trung binh MV = 0,81,
trong khi do 1éch chuéin SD = 0,22. Mt khéc, s6 miu ¢6 (T, /Tyep =
1,0) 14 14 dam (chiém 16,3 %), cho thdy mat ty 1é nhat dinh cac trudng

s
h

=) Phin tich 1 + 20%
:%3 36 1 20% .
3 ; o &
&
‘!: 2?_ o
,8 Q0. =]
= R -
= .
£ Py 1
= e
g 9 7 g gogo 1
o pa
= o

0 T T T T

0 9 18 27 36 45

Mé men xoin thyc nghiém 7, (kN.m)

wexp

(a) M6 men xo#n cyc han

hop dy doan 16n hon thue nghiém va tép trung chi yéu ¢ ving (T, .,)
nho noi ty s6 c¢6 xu hudng phan tan rong hon; ngugc lai, khi (T,.,)
ting, cac diém dit liéu c6 xu huwéng hoi tu trong khoang (0,7 — 1,0) va
cht yéu thdp hon 1,0. K&t qua phén tich cho thdy, phwong phap Phan
tich 2 cho thdy dd chinh x4c va dd tap trung cua dy béo t6t hon, giam
déang ké sai léch dui doan nhé hon so v6éi mic trung binh.

Hinh 9 trinh bay mitc 6 phi1 hop giita kha niing chiu xo#n tinh
toan theo phitong phép Phan tich 3 (T, ) va gié tri thitc nghiém (T, ),
ddng thoi dénh gid bang ty s6 (Tyeu /Tyexp
(Hinh 9a), cc diém dit liéu phan bé twong ddi d6i xiing quanh dudng

). Trén biéu d6 titong quan
déng tri (T, = Tiexp) v phén 16n ndm trong dai sai léch +20 %, cho
thdy mo hinh du bdo tét xu huéng ting ctia kha ning chiu xoin theo
thic nghiém va giam d4ng ké thién léch hé théng so v&i cac phurong
phép trwde (Phan tich 1 va Phan tich 2). Piéu nay duge xac nhan boi
théng ké trén d6 thi ty s6 (Hinh 9b) v&i gi4 tri trung binh MV = 1,00,
nghia 14 vé mit trung binh phuong phép cho dv bdo gin nhu khong sai
1éch so véi thiic nghiém. Tuy nhién, d6 1éch chuin SD = 0,23 cho thay
sai s6 van ton tai & mifc vita, phan 4nh dé phan t4n nhét dinh giita cac
mau do khéc biét vé dic trung hinh hoc, vat liéu va bé tri ¢t thép trong
co s¢ dit liéu thit nghiém. Dang chii ¥, s6 miu ¢6 (T,cq/Tyep = 1,0) 12
36 dam, chiém 41,9 %, tttc ty 18 dy doan vigt thic nghiém twong doi
16n. Phan b6 ty s6 theo (T,.y,) cho thdy mic phan tan 16n hon ¢ ving
mo men nho, trong khi & mién mo6 men trung binh va 16n cac gia tri ty
s0 ¢6 xu huéng héi tu hon quanh 1,0. K&t qua phan tich cho thiy,
phurong phép Phan tich 3 dat d6 chinh x4c trung binh t6t nhét (MV xap
xi bing 1,0), d6ng th&i duy tri me phan tan gn v6i hai phuong phap
Phan tich 1 va 2 thé hién qua hé s6 SD béng 0,23.

2 T r . T
§6 dim co (7, >=1.0: 5 dam MV: 0.565
Chiem ty I¢: 5.81% SD: 0.25
) @
= @
Ty L
:1 % %
B~ @ ®
w @
2 s o
&= o ® % @ @
e oy &
& % %‘ma
¥ [Phan tich 1
0 T T . -
0 9 18 27 36 45

Mé men xodn thyc nghiém T, o (KN.m)

(b) Ty sb gitta tinh toan va thiee nghiém

Hinh 7. Két qua tinh todn phiong phép Phan tich 1.

JOMC | 39



Tap chi Vit liéu & Xdy dung Tdp 16 S6 02 ndm 2026

2 T T T T
)= =1.0: 14 dam MV: 0.81
SD: 0.22
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@ ©° % o °
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& © S o
:g' oPo
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Q
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M6 men xodn thuc nghiém 7, (KN.m)

wexp

(b) Ty sb gita tinh toan va thie nghiém

Hinh 8. Két qua tinh to4dn phiwong phédp Phéan tich 2.
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2 T r . T
Sé dam o (T, . ) == 1.0: 36 dim MV: 100
Chiém ty 1&: 41.9% SD: 0.23
a
2
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Mé men xofin thyc nghigm 7, (kN.m)
(b) Ty sb gita tinh to4n va thie nghiém

Hinh 9. Két qua tinh todn phiong phéap Phan tich 3.

5. K&étluan

Trong nghién ctu nay, mdé hinh MSTM dugc dé xuit dé dy bao
kha ning chiu xo4n dam SFRC, trong d6 anh huéng ctia sgi thép sau
niit digc ké dén théng qua cic thanh phan chiu kéo ttong diong, gitip
mé hinh phan 4nh t6t hon co ché truyén luc trong dam chiu xon. Do
chinh x4c va tin cdy duge danh gia thong qua co s& dit liéu gom 86
dam thit nghiém c6 tiét dién chi¥ nhat (82 dam tiét dién dic va 4 dam
tiét dién rdng) tdng hop tif cac nghién citu di dwgc cong bé triée day.
Két qua du béo kha ning chiu xoén (T,) digc phan tich theo ba phuong
phép: Phén tich 1 dya theo mé hinh gian ao cua ACI 318-19; Phén tich
2 van theo ACI 318-19 nhung c6 cai tién géc nghiéng 6; va Phan tich 3
12 moé hinh MSTM dé xuat b&i nghién cifu nay, cac két luan chinh dugc
rit ra dudi day:

e Két qua tinh todn dy béo khi so v&i thue nghiém cho thiy, mo
hinh ACI 318-19 thé hién xu hiéng du béo thién vé an toan; viéc hiéu
chinh géc nghiéng 6 cai thién két qua nhung van cho wéce tinh thap hon
thite nghiém. Nguoe lai, MSTM cho mifc d6 phii hop téng thé t6t nhat
va du béo gan sat thic nghiém d6i véi ddm SFRC chiu xoén thuin tiy.

e Céc két qua cho thdy MSTM c6 tiém ning 4p dung trong tinh
toan, thiét ké dam SFRC chiu xodn, dic biét trong trudng hop st dung
mé hinh don gian nhung van xét dugc déng gép ctia sgi thép.

e S6 lvgng dam réng trong nghién cfu nay thu thap kha han ché.
Céc nghién ctu trong twong lai nén mé rong du béo kha ning chiu xodn
cho céc ciu hinh tiét dién da dang hon, ciing nhv xem xét céc trang
thai chiu tai két hop (xodn, cit va udn) d€ ting tinh téng quat va kha

nang ¢ng dung ctia mo hinh MSTM.
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