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Tém tit: Panh gid khd ndng chiu cdt cia dam bé téng cot thép (BTCT) la van dé phirc tap da
va dang dwoc nghién ciru trén thé gi¢i. M6 hinh danh gid kha _nang chiu cat cia dam BTCT
tity thugc vao quan diém cu thé. Tuy nhién trong nhung nam gan day, viéc danh gid kha nang
chiu cdt ciia dam BTCT theo mé hinh Ly thuyet mién nén cdi tien (Modified Compression
Field Theory-MCFT) dang cho thay nhiéu wu diém, va thiee té la dwoc dwoce nghién ciru va
duwa vao tiéu chudn ciia mét sé quoc gia nhie My, Canada...Phwong phdp danh gid kha nang
chiu cat ciia dam BTCT theo MCFT la mét quy trinh lap kha phire tap, dong thoi can c6 mot
$6 56 lieu thwc nghiém de tinh todn, vi vy can dén sw hé tro ciia phan mém chuyén dung. Do
vdy rdt khé can thiép sé liéu va kiém sodt két qua tinh. Trong bai bdo nay, nhém tac gid mudn
gioi thiéu mot phuwong phap thuc hanh don gian hon dwoc dwa trén mo hinh danh gia kha
nang chiu cdt theo MCFT goi la “Simplified MCFT ”. Mgt s6 vi du tinh todn theo Simplified
MCFT dé lam ré quy trinh tinh todn.

Abstract: Evaluation of the shear capacity of RC beam is very complex problem and being
studied in the world. The model for the evaluation of the shear capacity of RC beam depends
on the view of each nation, and particular condition. However, in recent years, evaluation of
the shear capacity of RC beam according to Modified Compression Field Theory (MCFT)
shows various advantages, MCFT has studied and applied to the standard of some nations as
America, Canada... Evaluation of the shear capacity of RC beam according to MCFT is a
complex repeated progress and needs the help from computer software. This paper introduces
a practical method that simpler based on MCFT to evaluate the shear capacity of RC beam,
denoted “simplified MCFT”. Some of examples are conducted to make clearly procedure of
evaluation.

Tir khoa: kha niang chiu cit, mién nén cai tién, shear capacity, modified compression field
theory.

1. PAT VAN DE

Nhiéu nghién ctru [5],[6],[7] da chi ra kha néng chiu cit cuia dam BTCT trén tiét dién
nghiéng 1a sy dong gdp cua cac thanh phan sau:

V,, : luc cét tai viing bé tong chiu nén chua xuat hién vét nit.

V, =V, +V, : luc lién két tai tai bé mat khe nirt thong qua sy cai chat cdt lidu, duoc xac dinh
thong qua thi nghiém, c6 gié tri bang khodng 1/3 tong gia tri lyc cat [8].

V, : luc ngang qua cét thép chiu kéo (phu thudc vao chiéu day 16p bé tong bao vé cot doc).

V, =nA f,: tong luc cat trong cdt dai cat qua vét nirt nghiéng.

Nhu vay, thuc té c6 nhiéu yéu to tham gia dong 86p vao kha nang chiu cat ciia dam.Van dé
xdy dyng cac cong thire xac dinh kha nang chiu cat cua dam BTCT tuy thudc vao quan diém
st dung mo hinh tinh toan cta timg qudc gia. Trong nhitng nim gin day, mo hinh Mién nén
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cdi tiéen (MCFT) xay dung trén co s ly thuyét thyc nghiém do Collins va Vechio phat trién
nim 1986 cho két qua dy bao gan voi thuc té [7]. Ngoai cac yéu to truyen théng anh huong
dén kha ning chiu cit, mo hinh MCFT con xét den anh huong cua ung suit kéo trong vung bé
tong bi nit. Khi nut, tng suét cat truyén qua vét nut thong qua cbt thép lién két vét nit, mién
1a ¢t thép khong chay, bé tong gitra cac vét niit xem 13 ¢o 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 ddm BTCT voi mirc do sai léch rat kha quan la dudi
12,2% so vé6i thuc té [8]. Mic du vay, quy trinh danh gia kha nang chiu cit cia dam theo
MCEFT la kha phtre tap va phai st dung phan mém chuyén dung Response2000 do nhém téac
gia cua Dai hoc Toronto (Canada) phat trién. Trong bai bao ndy, tic gia gi6i thiéu st dung
phuong phap Simplified MCFT do chinh tac gia cia MCFT la Bentz, Collins va Vechio dé
xudt [8] va cho két qua sai 1éch so v6i MCFT 1a khong qua 2%. Simplified MCFT thyc chat
12 mot qua trinh tinh 13p, so do khéi quy trinh danh gia theo Simpliffied MCFT dugc trinh
bay & muc tiép theo va quy trinh lip duogc tac gia 1ap trinh trén phin mém Maple 13.

2.COSO LY THUYET

a. Ly thuyét mién nén cai tién

Ly thuyét mién nén cai tién (MCFT) duoc dua ra boi Vecchio va Collins [7],[8].[9]. Khac
v6i cac mo hinh truyén thong, MCFT co ké toi anh huong cua tng sut kéo trong vung bé
tong bi nut. Khi nit, tng sudt cat truyen qua vét nirt thong qua cbt thép lién két vét nit, mién
1a cbt thép khong chay. Bé tong gitra vét nut dugce coi la co hiéu qua sau d6. Nguoi ta nhan
thay 1a ing suét 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 tmg sut cot thép cao nhung tng sudt kéo cuia bé tong thap tai
cac diém nit. Khi xac dinh gid tri goc cta vét nirt nghiéng 6 tir phuong trinh ciia Wagner, cac
diéu kién tuwong thich lién hé bién dang trong ving bé tong bi nut d6i véi bién dang trong cot

thép duge md 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.

Xét mot dam BTCT nhu hinh vé& 1, véi phan t6 duoc xét nhu cac hinh vé 2,3 va 4.
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Phan t6 duoc tich
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Hinh 1: M hinh dim thi nghiém
Ly thuyét MCFT dugc thé hé thdng qua hé thdng phwong trinh sau:

Céc phuong trinh cin bang YA
Ung suat trung binh e
by — \ ¥ f
f =pf, +f—vcotd 1) ‘—J = [_“ ’
all <
fz =0, fsz + fl —vtand (2) vT \ 0



Hinh 1: Ung suét ciia phan t6 tai vi tri nit
v=(f +1f,)/ (tan+cot 6) €) 8 P v

Ung suat tai vét nut:

=(f, +vcotd+v, cotd)/ p, (4)

fsxcr

f . =(f +vtand-v, tand)/ p, (5)
Piéu kién can bang hinh hoc:
§=¢6+¢,+¢&, (6)

V. =2(, +&,)c0to @)

B¢ rong vét nut:

W=S,¢ (8)

5, =1/ (sin 0 N CcoS 6?) ) Hinh 2: Cic bién dang tai vét nirt
SX SZ
g, tE

tan® g =">—"2 (10)
g, +6&,

Quan h¢ gifra ting suat va bién dang:

f, =Ee& < T, (11)
fSZ = ESgZ S fyz (12)
f= & (% (13) a7

0,8+170s, &, & & |

& g !‘/ecf
f, =0, 33\/f_c' / (1+/500¢, )Mpa (14) STRAIN STRAIN
Ung sudt cét tai vét nut: Hinh 3:’})(‘3 thi quan hé giita ing suit va
, bién dang ctia thép va bé tong
0,18(/f,

Vo = oqm (15)

0,31+

a, +16

Giai thich cac dai lugng tir phuong trinh (1) dén (15)

Truc x cua hé truc toa do duoc léy theo phuong doc truc cua cAu kién.

foo f £ 0 g sudt kéo tong cong trong cdt thép doc, gidi han chay cua cbt thép doc va
cot dai

f.., f,,: ng suat kéo trong mdi thanh cét doc, cot dai;

f ., f. :Gng sudt kéo trong cbt doc, cot dai tai thoi diém pha hoai;

P, P, - ham luong cdt thép doc, ham lugng cdt dai;

Vv : irng suat cat;



6 : goc nghiéng cua vét nit;

f,, f, : mg suat kéo va nén cta dai bé tong giira cac vét niit nghiéng

£ E)\E, bién dang kéo cuia thép doc, cbt dai, va bién dang nén ciia bé tong
&, €, bién dang kéo, bién dang nén cia dai bé tong giita cac vét niit nghiéng
v, . ing suét cit trung binh.

w: bé rong clua vét nut;

a,: d6 1on cua cdt lieu;

E,, f_: mO-dun dan héi cua thép; cuong do chiu nén cua bé tong;

S , - khodng cach giira cac vét nut nghiéng;

X! Z’

Qua cac két qua thi nghiém va so sanh voi ly thuyet MCFT dua ra nhing diém tién bo hon
va mot du bao tin cay vé kha nang khang cat ciia cau kién.

b. Phwong phap Simplified MCFT

Simplified MCFT 1a phuong phap danh gia kha niang chiu cat cia dim BTCT dya trén mo
hinh 1y thuyét mién nén cai tién dugc dé xuat bai chinh nhém tac gia cia MCFT. Thyc chét
Simplified MCFT 1a mét qua trinh tinh 1ap. Viéc gia thiét cac diéu kién ban dau cho bai toan
lap theo Simplified MCFT 1a rat quan trong, dic biét 1a gia thiét vé& bién dang ty ddi cuc dai
ctia ¢t thép doc (maximum longitudinal strain) tai thoi diém phé hoai s& anh huong dén sb
budc lap. Quy trinh tinh ldp theo Simplified MCFT duoc tic gia trinh bay thanh so d6 khoi
nhu hinh 5 va 1ap trinh tinh toan trén phin mém Maple 13.



INPUT
- Ham luong cdt dai va cbt doc: p, ;px
- Tinh chét vat liéu: f , f, f,

y? Tsw? 'c
- Gia thiét khoang cach cac vét nit quy
doi: Sye < 300(mm).

\Z

Gia thiét tai thoi diém pha hoai thi ¢t

doc chua chay déo

Gia thiét bién dang lon nhét cua cdt doc
tai thoi diém pha hoai: ¢ <1,9x107

v

V=V, +V, Kiém tra diéu kién:
, —> f~f
= ,B«f f. +p,f, cotd e ]
—
=B+ PzI]swCth" \l/ S
s 04 1300
1+1500¢; 1000+S, Gia thiét
Pl
6 = (29+7000£,)(0, 88+ ) <750 | lai ¢
2500
b
Gia thiét bién dang 16n nhit cua cdt doc OUTPUT:
tai thoi diém pha hoai: £ >1,9x107 Khé nang ghiu
cat cua dam:
V =VA

Vv

04 1300
1+1500¢, 1000+S,,

B

0 = (29-+7000£7)(0,88 + —_) < 75°

C6t doc chwa chay déo tai thoi diém
pha hoai.

s

2500
y

V=V, +V, :ﬁ\,/f_c#pZ f,, cotd

Gia thiét lai ¢, |€

Kiém tra diéu kién:

&, =&y

VD

OUTPUT:

V =VA

Kha nang chiu cat ciia dam:

Hinh 5. Quy trinh danh gia kha ning chiu cit cia dim theo Simplified MCFT

Kiém tra diéu kién ung suét cua cdt doc
tai thoi di€ém pha hoai:
fo (v+v,)coto

sxer < fy
Px

\l/D

Tinh lai bién dang bt doc tai thoi diém
_vcotd-v, /cotd

E. o4

pha hoai: g,

Quy trinh danh gia kha nang chiu cat cua dam theo Simplified MCFT s& dugc trinh bay 1
hon qua cac vi du s6 thyc hién & muc 3.

3. BAI TOAN NGHIEN CUU

Danh gia kha nang chiu cit cia dim theo Simplified MCFT vdi cac dit kién ban dau nhu

sau.

- Tiét dién dim: bxh=250x500(mm); Chiéu day 16p bé tong bao vé 1a 30mm, khoang
cach trung binh tir trong tdm cbt doc dén mép xa nhat ving bé tong chiu nén lay la

ho=450mm.

- Bé tong cap d6 bén B25: f =18,5MPa;

- Cét thép doc chiu lyc str dung nhom All ¢6 cuong do chiu kéo tiéu chuan f, = 295MPa;
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- Cbt thép dai stir dung nhom thép Al c6 f,, =235MPa; E, = 2100MPa; bd tri cot dai duong
kinh ¢8(a,, =50,3mm?), dai 2 nhanh (n=2), bd tri déu trén toan dam, suy ra ham luong
2x50,3

x100% = 0,0805%
250x500

cbt dai la p, = T—hw x100% =

- Trong diéu kién vat liéu Viét Nam, bién dang ty ddi cta cot thép doc o trang thai chay
déo 1a &, ~0,002 .

a. Truomg hop ham hrong ¢t doc p, =0,5%

- Gia thiét trude 1a tai thoi diem xay ra phé hoai thi cot thép doc chua chay déo, va bién
dang ty doi trong thép doc 1énn nhat 1a &, =1,0x107%;

- Gia thiét khoang cach giita cac vét nit nghiéng quy doi 1 Sye = 150mm.

- Tinh céc hé s6 0 va p:

0.4 1300

_ X ~(0,18087
1+1500x ¢, 1000+S,,

p=

0 =(29+7000x &, ) x (0,88+i) ~33,84°
2500
- Tinh gi4 tri Gng suat cat tai thoi diém pha hoai:
v =1, +p,f, cotd~106MPa
- Tinh gia tri tng suat kéo trong cét doc tai thoi diém pha hoai:

_(u+,6’\ff_c')cot¢9

fsxcr -
Py

~548,28MPa > f, = 295MPa
Nhu vay gia thiét ban dau 12 tai thoi diém phé hoai cbt doc chwa chay déo 1a khong chinh
xac. Do d6 can phai gia thiét lai gia tri & >1,9x10°, chon & =1,9x107,
- Tinh lai twong tu cac gia lan luot 1a: £ ~0,1175;6 ~39,762°;v ~ 0,73247MPa;
- Tinh lai gi4 tri ing suat kéo trong c6t doc:

(vt ﬁ\/&fic' )cotd
sxer ,OX

f ~297,49MPa > f =295MPa

Lap lai qué trinh tinh todn mot cach twong tyr bang cach ting ¢, két qua chi dimg lai khi
foer = f, , 1O nay twong tng voi gia tri

SXCr

&, =1,914x107; B ~0,11681;6 ~ 39,854°; v ~ 0, 72898MPa;
Kha ning chiu cat cia dim la: V =vbh, =82,011kN .
b.Truong hop ham lwgng cot doc p, =2,5%

- Gia thiét trudc 1a tai thoi diém xay ra pha hoai thi c6t thép doc chua chay déo, va bién
dang ty doi trong thép doc 16nn nhat 1a &, =1,0x107°;

- Gia thiét khoang cach giita cac vét nirt nghiéng quy ddi 13 S, = 150mm.

- Tinh céc hé s6 0 va p:



g ~¢&, =0,3849%x107; f
V = vbh, ~175,613kN .

hanh tuong tu. Qua trinh tinh toan dugc tac gia 1ap trinh trén phan mém Maple 13, két qua
tong hop theo bang 1. Két qua tinh theo Simplified MCFT duoc so sanh véi két qua tinh khi

0,4

1300

p=

1+1500¢,

X
1000+S,,

~ 0,18087

6 = (29+7000&") x (0,88 + Swe y 233,800
2500

- Tinh gia tri Gmg suét cat tai thoi diém pha hoai:

v=B[f. +p,x f,, xcotd~1,06MPa

- Tinh gia tri Gtng suit kéo trong ¢t doc tai thoi diém pha hoai:

_(u+ﬂ\/f_c')cot0

sxer T

Px

~109,657MPa < f, =295MPa

Nhu vay gia thiét ban dau 1a dung, tién hanh kiém tra lai bién dang trong c6t doc:

&=

Véi cac ham luong ¢t doc p, thay ddi tir 0,1% dén 2,5%, qua trinh thyc hién duoc tién

vcotd—

NN

COtO - 0,202x10° # &
E. 0,

SXCr

~194,96MPa < f, .

Can gia thiét lai &.

str dung phan mém Response 2000 duoc trinh by & bdng 2.

Bang 1. Két qua tinh kha ning chiju cit cia dim theo Simplified MCFT

Qua trinh dugc ldp lai dén khi

Gia tri kha nang chiu cat cua dam thu dugc 1a

i N X 0
Két qua Ham lwgng cot doc O, ( /0)
tinh
0,1 0,3 0,5 0,8 1,0 1,2 15 1,8 2,0 2,3 2,5 2,8 3,0
£,x107% 5,206 2,856 1,914 1,300 0,917 0,705 0,537 0,478 0,447 0,407 0,384 0,356 0,339
B 0,051 0,086 0,117 0,153 0,191 0,220 0,250 0,263 0,270 0,280 0,286 0,294 0,300
90 61,52 46,05 39,85 35,81 33,29 31,90 30,81 30,42 30,21 29,95 29,81 29,61 29,51
(MU ) 0,3234 | 0,5503 | 0,7289 | 0,9214 1,1069 1,2489 | 1,3921 | 1,4512 1,4878 1,5337 1,5610 1,5977 1,620
pa
V(kN) 36,38 61,92 82,01 103,66 125,06 140,93 | 156,61 163,26 167,37 172,55 175,61 179,75 | 182,24
Bang 2. Két qua so sanh kha niing chiu cit tinh theo Simplified MCFT va theo phin mém
Response2000
Kha niing chiu cit (kN) theo cic % ham lugng ¢t doc
Phuwong
phap tinh 01 03 05 0,8 1,0 1,2 15 1,8 2,0 2,3 2,5 2,8 3,0
Simplified | 264 | 619 | 820| 103.7| 1251 | 1409 | 1566 | 1633 | 1674 | 1725| 1756 | 1797 | 1822
MCFT




Response

19,6 49,2 77,0 1126 | 130,3 | 149,2 169,3 173,4 | 174,8 175,0 | 175,7 | 175,8 176,0
2000
150
160 -}
140 ]
120}
QU 100+ —— simplified MCFT
| — — Response2000
20
60
A0 -
20

0.: 1 13 2 2.3 3
px %o

Hinh 6. So sanh két qua tinh theo Simplified MCFT va Response 2000
Tir két qua khao sat bai todn vdi trudng hop thay d6i ham luong cot doc, rat ra mot sé nhan
Xét sau:

- Phuong phap Simplified MCFT dya trén mo hinh ly thuyét mién nén cai tién co xét anh
huong cia ham luong cot doc dén kha nang chiu cat cua dam.

- Ham luong cdt doc ting thi kha ning chiu cat cia dam ting, tuy nhién khi ham luong
cot doc p, > 2% thi anh hudng cua ham lugng cot doc dén kha nang chiu cat cua dam
giam dan, diéu nay phi hop véi thuc té vi tai thoi diém xay ra pha hoai thi sy nén v&
vung bé tong chiu nén c¢6 kha nang xay ra trude khi cot doc chay déo.

- V6i ham lugng c6t doc trong khodng tir 0,5% dén 2,5% thi két quéa tinh simplified
MCFT thap hon két qua tinh khi sor dung phan mém Response2000 (phan mém xay
dung dua trén MCFT), mtrc d§ chénh lI¢ch nhd hon 8% va thién vé an toan.

4. KET LUAN VA KIEN NGHI

Panh gia kha ning chiu cat ciia dim BTCT theo mé hinh 1y thuyét mién nén cai tién 14 xu
huéng duge ap dung nhiéu trong nhitng nim gan day vi cho két qua phu hop véi thuc
nghiém. Viéc str dung phuong phap Simplified MCFT dya trén mo hinh MCFT dé danh gia
kha ning chju cit cia dim 13 mot hudng con kha moéi mé trong nude . Bai bao trinh bay thuat
toan tinh 1ap Simplified MCFT ddng thoi tich hop lap trinh dé danh gia kha nang chiu cat cia
dam BTCT khi thay d6i ham luong c6t doc tir [0.1 +3.0]% . Khi ham luong cbt doc thay dbi
trong khoang phd bién tir 0,5% dén 2,5% thi két qua tinh theo Simplified MCFT kh4 sat véi
két qua thuc nghiém (két qua tinh thong qua Response2000) v6i mire do chénh l1éch 1a chap
nhan duoc va thién vé an toan. Bén canh do6, tu duy vong lap khién phuong phap dé dang tich
hop véi lap trinh tin hoc dé md ra nhiéu hudng nghién cru méi nhiam thuén loi trong thuc
hanh tinh toan vé kha ning chiu cat ciia ddm BTCT.
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