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Tém tit: Pinh gid khd nang chiu cdt cia dam bé téng cot thép (BTCT) la van dé phire tap da
va dang dwgc nghién ciu trén thé gidi. Bai bdo trinh bay cdch danh gia kha nang chiu cat
ciia dam BTCT tiét dién chiv nhdt theo mé hinh Ly thuyét mién nén cdi tién (Modified
Compression Field Theory-MCFT) xét dén cdc yéu lo anh hwong nhu ham lweong cot doc, vi
tri dat tai trong va kich thuodc tiét dién. Mot vi du sé tinh todn thuc hanh dé kiém nghiém két
qua tinh khd néing chiu cdt cia dam BTCT tiét dién chit nhdt theo MCFT, dong thoi so sanh
két qua tinh véi cach danh gid kha nang chiu cdt cia dam theo TCVN 5574:2012 khi xét dén
cdc yéu té anh hudng néu trén.

Abstract: Evaluation of the shear capacity of RC beam is very complex problem and being studied in
the world. This paper present some methods which evaluate the shear capacity of rectangular RC
beam according to Vietnam code and MCFT modeling considered influence factor, such as
reinforcement ratios, location of load, and dimensions of section. Some of examples are conducted to
check the result of shear capacity of rectangular RC beam according to Vietnam code (TCVN) and
MCEFT considering those factors.

Tur khoa: kha nang chiu cit, mién nén cai tién, cdt dai, shear capacity, stirrup, modified
compression field theory.
1. PAT VAN DE

Su pha hoai dam BTCT khong ’nhﬁ:ng ta’i nhfmg tié:c dién chiu ubn (do m6é men) ma con
pha hoai tai nhﬁ:ng’ tiet dién 7chiu cat hodc cat va uénrkét hop (ﬂexural shear). Thong thuong,
su pha hoai trén tiét dién thang goc duoc dam bao néu b6 tri cot doc hop 1y, con su pha hoai
trén cac tiet dién nghiéng thi dién ra phue tap hon. Nhiéu nghién ctru [5],[6],[7] da chi ra kha
nang chiu cit cia dam BTCT trén tiét dién nghiéng 1a sy dong gop cua cac thanh phan sau:
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Hinh 1. Can bang lyc tai vét nit kéo xién trong dim BTCT c6 cdt dai
V. : luc cét tai viing bé tong chiu nén chua xuat hién vét nit.
V.=V, +V,: lyc lién két tai tai bé mat khe nirt thong qua sy cai chat cdt lidu, duge xac dinh
thong qua thi nghiém, c6 gia tr1 bang khoang 1/3 tong gia tri luc cat [8].
V,: luc ngang qua 6t thép chiu kéo (phu thude vao chiéu day 16p bé tong bao vé cbt doc).

V. =nA, f,: tong lyc cat trong cot dai cat qua vét nirt nghiéng.



Gia tri V, c6 thé xac dinh duogc théng qua cuong do chay déo cua cdt thép dai va sd luong
thanh thép dai, con 3 thanh phan con lai trong cong thirc (1) chi c6 thé xac dinh chinh xac
thong qua thyc nghiém boi sy ing xtr phire tap anh huong qua lai 1an nhau khi vét nut phat
trién. Tiéu chudn AIC 318-08 cho phép gan ding tong gia tri ciia 3 thanh phan nay thién vé an
toan va lay bang gia tri gdy ntt bé tong V., [6],[7]:

V.=V 4V, 4V, <V, _(016\/_+17p Ly <0291 b,d 2)

Nhu vy, thuc té c6 nhiéu yéu té tham gia dong g6p vao kha nang chiu cit cia dam.Vén dé
xdy dung cac cong thire xac dinh kha nang chiu cit ciia dam BTCT tuy thudc vao quan diém
sir dung mo hinh tinh toan cua ting quoc gia. Trong nhirg nam gan ddy, mo hinh Mién nén
cdi tien (MCFT) xay dung trén co s ly thuyet thue nghiém do Collins va Vechio phat trién
nam 1986 cho két qua dy bao gan voi thuce té [7]. Ngoai cac yéu tb truyen thong anh huong
dén kha nang chiu cat, mo hinh MCFT con xet den anh huong cua ung suit kéo trong vung bé
tong bi nut. Khi nut, ing sudt cit truyén qua vét nut thong qua cdt thép lién két vét nit, mién
1a c6t thép khong chay, bé tong gilra cac vét niit xem 1a ¢6 hiéu qua sau do. Cac két qua thuc
nghiém duoc tién hanh & ba quoc gia (My, Canada, Nhat) trong sudt gan 20 nim cho thiy
MCFT dy doan kha nang chiu cit cia dam BTCT véi mirc do sai 1éch rat kha quan la duéi
12,2% so véi thyc té [8]. Do d6, bai bao nay s& danh gia mot sd yéu to anh huong dén kha
nang chiu cit ciia ddm BTCT nhu ham luong cdt doc p, ty s6 al h, , kich thude tiét dién thong
qua ly thuyét MCFT, dong thoi kiém nghiém lai két qua danh gid véi TCVN 5574-2012. Vi
du sb s& duogc trinh bay ¢ muc 3.

2.COSO LY THUYET
a. Kha niing chiu cit cia dim BTCT theo tiéu chuin TCVN5574-2012

Kha nang chiu lyc cit caa dam khi khong dat cbt ngang (cdt dai, cdt xién) chinh la Q, (kha
nang chiu cat cua bé tong). Trong ti€u chuan TCVN5574:2012 kha nang chiu cat cia dam bé
tong khi khong dat cot dai 1a [4],[5]:
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Trong do:
O, : kha nang chiu cit cua bé tong khong cbt ngang;
¢,,: hé s6 bang 1,5 véi bé tong ning va bang 1,2 v6i bé tong hat nho;

®,: hé s0 xét anh huong cua luc doc truc;

Khi lyc doc truc 1a luc nén: ¢, =0,1 N <0,5
R,.bh,
. \ . N
Khi lyc doc truc 1a luc kéo: ¢, =-0,2
R, bh,

b: bé rong tict dién,;
h,: chiéu cao lam viéc cua dam;

¢,: chiéu dai hinh chiéu ciia vét niit nghiéng, ldy bang ¢ nhung khong dugc 16n hon
2h, va khong nho hon #,;



c: chiéu dai hinh chiéu tiét dién nghiéng trén truc cau ki¢én tinh tor mép goi tua,
c<c,, =2h;
Kha nang chiu cat cua dam bé tong cot thép khi cd cot dai va cot xién duge xac dinh:
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Hinh 2. So d6 n6i luc trén tiét dién nghiéng véi truc doc cdu kién bé tong cdt thép khi tinh toan do bén chiu luc
cat

Kha nang chiu cit ctia bé tong, dugc xac dinh:

_ (%5} (1 to.+to, )Rbt bhg

o, ©)
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U’ Af ~54. Qb hO
ng suat cat: v, = D =0, (1+9, +9,)R, - ©)

0
0,,: hé s6 xét dén anh hudng cia loai bé tong, ddi v4i bé tong nang liy 0, =2;

. . R SR 0,75u ;h
@, : hé s0 xét dén anh huong canh chju nén cua tietdién T, I; ¢, =——L-L<05

bh,
u, =min[34 (b, —b)];
Ngoai ra kha ning chiu cat ctia bé tong duoc khong ché: Opmin <O 0 1 (7)
Kha ning chiu cat bé nhat ctia bé tong : 0, . =, (1+ @, +@,)R,bh, ®)
voi (1+¢ +9,) <155 O, = 2,5R, by 9)
Kha ning chiu cat cua cot dai: 0, =q,,¢, (10)

q,,: noi luc trong cot thép dai trén mdt don vi chieu dai cau kién, dugc xac dinh

q,, = M Vi s 1a bude cua cot dai;
S
Pp3 1+, +(Pf)Rbtb

Ngoai ra ¢, > 5

Kha nang chiu cét ctia cot xién: Q,,, =D R A4, sina (11)

b. Ly thuyét mién nén va mién nén cai tién
Theo 1y thuyét mién nén — CFT (Compression Field Theory) duoc dé& xuit boi Mitchell va
Collins vao ndam 1974. Ly thuyét nay co ban dya trén mo hinh gian vdi cac thanh xién

nghiéng 45°. Theo mé hinh nay, sirc chdng cit dat t6i khi cot dai bi chay va s& twong tng voi
mot Ung suat cat la:
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Hinh 3: Mo hinh dan véi ngoc nghiéng 45°
Dang tong quét ctia phuong trinh (12) 1a:
v=p,f,cotgd (13)
v6i 6- gbe cua vét niat nghiéng.
Céc phuong phap danh gia kha ning chiu cét cua dai bé tong chiu nén nghiéng giira cac vét
nut goi 1a 1y thuyét mién nén (CFT). Van dé co ban trong ly thuyét mién nén la xac dinh goc
nghiéng 6. Néu cot thép doc dan dai theo luong bién dang 1a &, thi cot thép ngang s bi dan

dai theo luong la &, bé tong chiu nen xién s€ bi ngan lai theo mot luong 13 &, nén hudng cia
bién dang nén chinh c6 thé tim duogc theo phuong trinh ciia Wagner [8],[9]:

thH:(gx+82)/(e +&,) (14)

Ly thuyet mién nén CFT yéu ciu viéc tinh toan bién dang nén trong bé tong, (&), di kem
v6i tmg suat nén ( £,). Dé lam viéc d6 Vecchio va Collins [9] da gia thiét mbi quan hé ung

suét - bién dang c6 dang don gian sau:
ﬁ :fIZ,max[z(‘c"Z/g;)_(gZ/g;)z (15)

Dua trén céac két qua nhén dugc tor mdt loat cac dam thi nghiém (1978), Collins da chi ra Ia
khi vong tron bién dang cang lon thi ung suat nén can dé pha hoai bé tong, f5,.., s€ nhd di.
Moi quan h¢ dugc dua ra la:

—3’62fc (16)
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f‘Z,max =

trong d6: 7, - duong kinh ciia vong tron bién dang (3, = & +& );

1

g, - bién dang ma tai d6 bé tong trong khi thi nghiém nén mau hinh try dat téi
cuong do chiu nén dic trung 7. .
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Hinh 4. Quan hé tmg suit - bién dang ciia bé tong vung nut khi chiu nén

Trong 1y thuyét mién nén (CFT), hai gia thiét quan trong dugc thiét 1ap 1a bé tong khong
chiu kéo sau khi bi nirt va goc nghiéng cua ung suat nén xién trung voi goc nghiéng cua bién
dang chinh. Thuc té cho thay, hudéng ca ing sut chinh khong giong voi huong cua cua bién
dang sau khi bé tong bi nut. Nhu vay, co thé thay rang 1y thuyét mién nén di bo qua su dong
gop cua Umg suat kéo trong cac vung bé tong bi nit va do do c6 nhiing ude luong qua 1on sy
bién dang va danh gia thap vé cuong do.

Ly thuyét mién nen cai tién (MCFT) duoc dua ra boi Vecchio va Colllns [7],[8],[9]. Khac
v6i cac md hinh truyén thong, MCFT co ké t61 anh huong cua Umg suat kéo trong vung bé
tong bi nut. Khi nit, ing sudt cit truyen qua vét nit thong qua cdt thép lién két vét nirt, mién
1a cbt thép khong chay. Bé tong gitra vét nut duogc coi 1a co hiéu qua sau do. Ngudi ta nhan
thdy 14 (mg suit cuc bo trong ca bé tong va cot thép s& khac biét tur diém nay dén diém khéc
trong vung bé tong bi nut, voi ing suét cot thép cao nhung tng sudt kéo cua bé tong thap tai
cac diém nit. Khi xac dinh gid tri goc cua vét niit nghiéng 6 tur phuong trinh cua Wagner, cac
diéu kién twong thich lién hé bién dang trong ving bé tong bi nit dbi voi bién dang trong cot
thép dugc mo ta theo bién dang trung binh, trong do bién dang duoc do doc theo chiéu dai co
s& 16n hon chiéu rong cua vét nit.

Céc diéu kién can bang, trong do lién hé gitra ing suit cua bé tong va ung suit cua cdt
thép voi luc tac dung dugce thé hién theo cac trj s6 ctia tmg suat trung binh, tirc 1a tri sO trung
binh ctia ing suét 13y trén chiéu dai 16n hon khoang cach cua vét ntt. Cac mbi quan hé nay co
thé xéac dinh tir inh 4 theo cac phuong trinh sau:

Pty = o =vigd—f; (17)
P.f = fo. =veotgld—f (18)
f, =w(tgf+cot gb)— f, (19)

Cac phuong trinh can bang, cac moi quan hé twong thich, quan hé mg suét - bién dang
ctia cdt thép va quan h¢ tng suat - bién dang cua bé tong trong vung nit khi chiu nén cho
phép xac dinh tri s6 ing sudt trung binh, bién dang trung binh, va goc nghiéng 6 dbi véi bat
ky cép tai trong nao cho dén khi pha hoai.
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a, do thi ung suét b, ung suét cuc bd trong bé tong
Hinh 6. Can béng theo ing suat cuc b tai mot vét nirt
Tir hinh 5 va 6, Gmg suét trong cbt thép tai cac vét niit co thé duoc xac dinh:
pvjrsycr = Vtge - Vcitge (20)
P. S =veotgfd+v, cot gl (21)

Pha hoai cua phan tir bé tong cbt thép s€ chiu anh huong khong phai tir img sut trung
binh ma bai Gmg suat cuc bo tac dung tai vét nit. Khi klem tra cac diéu kién trén tai mot vét
nut, dang nit phtic tap thuc té s& duoc don gian hoa bao gdm mot loat cac vét nit song song
cung nghiéng géc 6 so voi thép doc va cach nhau mot khoang s,. Gia tri cuc dai cua V,
duoc léy theo mdi lién hé gitra chiéu rong cua vét nut, (w), va kich c& cuc dai cua cbt lieu,
(a), theo phuong trinh:

0,18,//"
< 28 vpymm) (22)
' 24w
0,3+
a+16

Chiéu rong cua vét nit duoc 1y bang khoang cach ctia vét nirt nhan voi bién dang kéo
chinh, g, (w=¢s,).

Vi nhig tai trong 16n, bién dang trung binh trong cdt dai, (gy), thong thuong s€ vugt qua
bién dang chay cua cot thép. Trong truong hgp nay ca f trong phuong trinh (17) va f, .
trong phuong trinh (20) s& bang v4i (mg suat chay trong cot dai. Can bang vé phai cta 2
phuong trinh nay va thay 7, tir phuong trinh (22), s€ co:
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0,18 f".
h= 24w
0,3+

tg6 (23)

a+16
Viéc gioi han tng sudt kéo chinh trung binh, f;, trong bé tong nham ké toi kha nang pha
hoai theo co ché cai chit cua cdt lidu, diéu nay s& dam nhiém vai tro truyén Gmg sudt cat bé
mat, (V,,), doc theo bé mat cia vét nirt.

Khi nhitng tng suat kéo nay duoc ké t6i, theo 1y thuyét MCFT, ké ca cac phan tir khong
c¢6 cdt dai cling duoc du bdo mot stc khang cat dang ké sau khi nut. St khang cit du bao
khong chi 1a mot ham cua luong cbt thép dai gia cudng ma con 1a cua luong cbt thép doc.
Tang luong cdt thép doc s& ting stc khang cit.

Theo 1y thuyét mién nén cai tién, dé xac dinh kha nang chiu cit cua dim bé tong cbt thép
c6 thé dung phuong phép an toan 1a dung bién dang doc 16n nhét, (&), xay ra trong than dam.
Trong tinh toan thiét ké, &, c6 thé duoc xac dinh gén ding la bién dang trong thanh chiu kéo
cua gian tuong duong.

Qua cic két qua thi nghiém va so sanh voi ly thuyet MCFT dua ra nhimng diém tién bd hon
va mot dy béo tin cdy vé kha niang khang cit cua cau kién.

3. BAI TOAN NGHIEN CUU
M() hinh bai torén‘khéo sat 1a mot ddm BTCT chju tai trong tap trung, so dd nhu hinh 7, b
tri cot dai phan bo déu.

Quy trinh tinh toan theo MCFT la quy trinh 1ap, kha phirc tap nén viéc s dung phan mém
Response 2000 [10] xay dyung trén co s 1y thuyét MCFT, c6 thé dé dang khao sat s6 véi cac
truong hop khac nhau.
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Hinh 7. M6 hinh khéo sat kha ning chiu cit ciia dam
Céc thong s6 khao sat nhu sau:

Chiéu cao dim duoc khao sat 1a nhitng cao thong thudng trong két cdu nha dan dung
h=(40+120)cm .

Bé rong dam dugc 1y voi ty s6 b/h=0,5.

Bé tong cép dd bén B20, thép doc nhom CII, ¢t dai nhoém CI.

Ty s6 a/h,khéng ché trong khoang tir 1 dén xap xi 2,5.

Céc thong s6 khac thong s6 dd cho & trén bai bao khong xét dén, vi khi d6 s& cho cac két qua

kha phirc tap. Do vay sé duoc trinh bay trong cac bai bao tiép theo.
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3.1. Truong hop ham lwong cét doc va tiét dién khéong doi

Chon ham luong cbt doc 1 =0,8% (twong dwong A ~ 9,425cm’ nhu hinh 5) va khong thay
d6i trong bai toan khao sat, tiét dién dam khong ddi bx h = (25x50)cm®. Két qua tinh toan kha
nang chiu cit 01:13 dam Qb theo MCFT va theo TCVN 5574:2012 cho cac truong hop khéao sat
khi nhip chiu cat thay d6i dugc trinh bay trong bang 1.

Biang 1. Kha ning chiu cit ciia dim (kN) trong trudong hep ham lweng ot doc p=0,8% va tiét di¢n

khong doi.
a(mm) a/hy 5574:2012 MCFT
500 1,09 203.6 2253
600 1,30 179.8 187.8
700 1,52 162.8 161,0
800 1,74 150,0 140.8
900 1,96 140,1 1264
1000 2,19 132,2 116,8
1100 2.39 125,7 109.4
1200 2,61 120,25 102,9
Q(kN)
2ED
200 \ ------------------------------------------------
150 | - —e—TCVN 5574-2012
§00, st smmnlmatni e e S
——MCFT
EO
0 T ] 1 1 T I 1 !h
109 130 152 174 196 219 239 261 a0

Hinh 8. Kha ning chiu cit cta dim (kN) trong truong hop ham lugng cdt doc p=0,8% va tiét dién khong doi.
3.2. Trwong hop ham lwong cot doc va ty sé a/hy khéng doi
Chon ham lugng ¢t doc 1=08%,ty s6 al hy,=15; b/h=0,5. Két qua tinh toan kha nang

chiu cat ciia dam Q, theo MCFT va theo TCVN5574:2012 cho céc truong hop khao sat khi
tiét dién thay doi dugc thé hién ¢ bang 2.

Bang 2. Khi niing chiu cit ciia dam (kN) khi thay ddi kich thuéc tiét dién truwomg hop p =0,8%, a/hy=1,5

h(mm) 5574:2012 MCFT
400 109,2 119,9
500 160,7 1724
600 221,1 2303
700 290,6 299,7
800 369,0 342,0
900 4565 3948
1000 552,9 438,1
1100 658,4 502,9
1200 772.8 5514
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Hinh 9. Kha ning chiu cit ctia dim khi thay doi kich thudc tiét dién truong hop p=0,8%, a/h,=1,5

Nhan xét: Tié:[ dién tang thi kha nang chiu cé‘t cua dérp cling ting. Két qua tinh theo MCFT
va 5574:2012 xap xi kha tot véi nhau khi chiéu cao dam nhé hon hodc bang 70cm. Trong
truong hop « =0,8% kha nang chiu cat khi danh gia theo TCVN5574:2012 c6 xu hudng 16n

hon MCFT khi chiéu cao ddm h >70cm.
3.3. Truong hop ham lwong cét doc thay doi.

Khao sat khi ham luong cbt doc thay doiu =(0,5+2,0)%. Ty sé a/h, =1,5. Tiét dién dam
(bxh)=(35x70)cm®. Két qua tinh kha ning chiu cat cia dam theo TCVN5574:2012 va

MCEFT dugc trinh bay ¢ bang 3.
Bing 3. Khi ning chiu ciit ciia dam (kN) khi ham hrong c6t doc thay dbi.

(%) 5574:2012 | MCFT W%) | 5574:2012 MCFT

0,5 311,9 222,0 1,3 311,9 3082

0,6 3119 2478 1,4 311,9 309,0

0,7 311,9 271,1 1,5 311,9 310,2

0,8 3119 286,1 1,6 3119 315,1

0,9 3119 296,1 1,7 311,9 318.0

1,0 311,9 301,2 1.8 311,9 3232

1,1 3119 303,0 1,9 311,9 330,0

12 311,9 306,4 2,0 311,9 335,0
Q(kN)
4uUuU

200 _ |
180 oo b g BB B L
100

50

05060708091011121314151617 18 19 20

—e—TCVN 5574-
2012

—+—MCFT

B(%)

Hinh 10. Kha ning chiu cit ciia dam khi ham luong cdt doc thay dbi.



Tir cac bai toan khao sat trén ta rt ra mot s6 nhan xét sau:
- Kha ning chiju cit cia ddm BTCT giam khi ty sd a/h, ting va khi ty s
alhy>15thi két qua dénh gid theo MCFT 1a thién vé an toan hon
TCVNS5574:2012.

- Tlet dién anh huong dén kha 16n dén kha niang chiu cat cia dam, kha nang chiu
cit danh gia theo mo hinh MCFT va TCVN5574:2012 ¢ gia tri xap xi tot !
nhau khi chiéu cao ddm nho hon hodc bang 70cm. Trudng hop ham luong cdt
thép u =0,8%, khi chiéu cao ddm 16n hon 70cm thi phuong phap danh gia theo mo
hinh MCFT cho két qua thién vé an toan hon.

- Ham luong c6t doc khong dugce xet dén khi danh gia kha nang chiu cat theo
TCVN5574:2012, diéu nay 1a chua hop 1y. Theo MCFT khi ham luong c6t doc
tang thi kha ning chiu cit ctia dim ciing ting, tuy nhién khi ham luong p >1 O%
thi kha ning chiu ct ting cham. Khi ham lugng p >1,5% thi kha nang chiu cat
danh gia theo TCVN5574:2012 cho két qua an toan so voi MCFT.

4. KET LUAN VA KIEN NGHI

St dung m6 hinh theo ly thuyét Mién nén cai tién dé danh kha nang chiu cat cua
dam thong qua phan mém Response 2000 co nhiéu wu diém. Kha ning chiu cit cua
dam can xét dén anh huong cta ham luong c6t doc, nén luu ¥ dén nhitng dam c6 ham
luong cdt doc bé hon 1,5% khi danh gia theo TCVNS5574:2012. Vi tri dat luc tap trung
cling can phai dugc chua ¥, xem xét thiét ké sao cho ty s6 a/h, >1,5 dé két qua danh gia
luc cat theo TCVN 5574:2012 c6 két qua thién vé an toan. Tiét dién c6 anh huong kha
16n dén kha ning chiu cat v6i dam c6 chiéu cao dudi 700mm thi kha ning chiu cét cua
dam theo MCFT xap xi tot véi cach danh gia theo TCVN 5574:2012.
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