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TOM TAT:

Bai bao nghien ctru kha ndng khang cét cla san phéng bé tang cat
thép béng phueng phap ma phang. Dua trén ma hinh pha hoai déo
cia bé tang (Concrete damaged plasticity model), ma hinh ma
phang dugc xay dung trén nén tang phan mém Abaqus. Ma hinh dé
xuft duoc xac minh d@ tin cay qua viec so sanh vai cac ket qua thi
nghiém da duoc cang bd. Tir da. céc nghién ciu tham sd duge mé
roing dé khao sat anh huéng cia cuang do be tong va cudng da
thep dén kha nang khang cat thing cia san phing bé tong ct
thép. Ket qua md phang ciing duge so sénh vai gia tri lec cat tr
cing thirc cd sén trong céc tigu chudn ACI 318 va Eurocode 2.

Tir khéa: Khéng cét; san phéng be tang cdt thép; pha hoai don; ma
hinh pha hoai déo

ABSTRACT

The article studies the punching shear capacity of reinforced
concrete slabs by simulation method. Based on the Concrete
Damage Plasticity (CDP) constitute model, the simulation model is
established in the Abaqus software. The simulation model was
verified by the comparison of punching shear tests. The
parametric studies were implemented to investigate the effect of
concrete and steel strength on the punching shear resistance
capacity of the reinforced concrete slab. The punching shear
resistance capacity of reinforced concrete slab was also
calculated by the formulas proposed by available standards.
Keywords: RC slab; punching shear; brittle failure; concrete
damaged plasticity model

1.PAT VAN DE

Trong xay dung dan dung, hé két cdu san phang bé tong c6t thép
(BTCT) dugc st dung tuong déi phé bién vi nhiing Igi ich ma né mang
lai. Ban san dugc ké truc ti€p lén dau cét cho phép tang chiéu cao tang,
thuan lgi cho b6 tri cac hé théng ky thuat va st dung khéng gian linh
hoat hon. Hé két cau nay ciling dé dang trong viéc ché tao cp pha tam
I6n, tir d6 tao dugc d6 phang khéng gian tran cho tran va tang téc d6
thi céng cong trinh. Tuy nhién, mét trong nhiing van dé quan trong
nhat trong thiét san phang la su tp trung (ing suat xung quanh vi tri
giao nhau cla san - cot, vi tri c6 thé dan dén pha hay do cat [1]. Lién
quan dén cht dé nay, mét sé nghién ciu thuc nghiém da dugc thuc
hién, c6 thé ké dén nhu ctia Muttoni [2], Belletti va cong su [3], Dang
Cong Thuat [4], Oukail [5], Yang [6].

Mac du cach ti€p can bang thuc nghiém dong vai tro rat quan
trong dé nghién ctu kha nang khang cét (KC) ctia san phang BTCT, tuy
nhién phuong phap nay van c6 nhugc diém la gia thanh cao di cing
cac yéu cau ky thuat khat khe. Bai viét hién tai nham muc dich khao sét
khd ning chéng cit cla san phdng BTCT bang phuong phap mé
phéng. Stic manh tinh todn clia cdc phan mém tién tién tao diéu kién
thuan lgi cho viéc st dung phuong phép sé va do d6 khac phuc dugc
nhiing nhugc diém ctia phuong phap thuc nghiém truyén théng.

2. MO HINH VAT LIEU
Bé tong la vat liéu don, khong déng nhat va thé hién Ung xu
phtc tap khéng dan héi phi tuyén tinh duéi cac trang thai iing suat
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da truc [7]. D& ndm bét dugc cac hanh vi nay, viéc lua chon mé hinh
phu hop dé€ mé hinh hoéa vat liéu bé tong la rat quan trong. Mé hinh
pha hoai déo cla bé tong (Concrete Damaged Plasticity Model -
CDP model) dugc coi la mét trong nhitng mé hinh phu hgp nhat dé
mo phéng vat liéu bé tdng. M6 hinh nay dugc dé xuat bai Lubliner
[8], sau d6 dugc phat trién bdi Lee va Fenves [9]. Mé hinh CDP gia
dinh hai co ché hu hong chinh ctia bé tong la nut do kéo va nén. Su
phat trién ctia bé mat chdy déo (hodc hu héng) dugc kiém soat bai
d6 cuing cua vat liéu.

(b)

Hinh 1. Quan hé (ing suat - bién dang clia bé tong dudi ting suat kéo (a) va nén (b) theo
mé hinh (DP

Hinh 1 thé hién dudng Ung suat bién dang khi kéo va nén clia
mo hinh CDP. Budng cong Ung suat - bién dang dugc gia dinh la
dan héi tuyén tinh dén khi dat dén gia tri fio (kéo) va fwo (nén). Ung
suat cia phan ti bé tong f: va f. dugc xac dinh trén dudng cong
Ung suat bién dang theo cong thuc:
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f,=E. (g, —s,”l).(l—dl)
fo=E (e,~el)(1-d,)

Trong dé: Ec la mé dun dan héi clia bé tong;
&, & 1a bién dang kéo va nén cda phan ti;
&P, e 1a bién dang déo khi kéo va nén;

d: va dc la cac bién thiét hai xac dinh sy suy giam clia cudng do.

DE xac dinh mat phdng pha hoai, (ing suét kéo hiu hiéu 7, vatng

M

suat nén hiu hiéu 7. clia bé tdng cb thé dugc tinh theo cong thic:

Tyt et ®
Tl = bt et “@

M&i quan hé cla bién dang nut va bién dang déo c6 thé duagc
biéu thi bdng céng thic:

ok 4 S
T
g L
e L

Trong dé: g, g tUoNng trung cho bién dang nut khi kéo va nén.

Céc bién dang nay c6 thé nhan dugc bang téng bién dang trir di
bién dang dan héi tuong ting.

Trong ABAQUS, mé hinh CDP dugc thuc hién thuc hién théng
qua cac tham s0: ti s6 gilta cudng d6 nén hai truc véi cuong do nén
MOt truc Guo/cco, thdng s6 dai dién cho dang pha hoai ke, goc gién
naG ¢, do léch tam €, tham s6 dé nhat va dudng cong bién dang cla
vat liéu, nhu minh hoa trén bang 1.

Bang 1. Cac tham s6 cia mé hinh CDP trong ABAQUS [10,11]

Théng s6 Giatri
Gbo/Gco 1,16
ke 0,67
[0} 310
€ 0,1
viscosity 0

3. XAC MINH TiNH HOP LE CUA MO HINH SO
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Hinh 3. Butng cong (ing sudt-bién dang khi nén (a) va kéo (b) véi bé tong (35

DE& bdo d6 tin cay cla két qua phan tich, mé hinh sé can dugc
xac minh théng qua cac két qua thi nghiém da dugc cong bé.
Jahangir Alam da tién hanh thi nghiém dé kiém tra kha nang chéng
cét cha san phéng BTCT [12]. Hinh 2 cho thdy hinh dang cla tdm
phéng BTCT trong thi nghiém cfia Jahangir Alam. Tdm bé téng c6
kich thudc 1,2m x 1,2m x 0.05m. Céc I6p thép dudng kinh D6 bo tri
theo phuong ngang va doc dat cach nhau 100mm. Mot cot ngan
120mm x 120mm x 50mm dugc dat & gitta tam. Vat liéu bé tong c6
cudng dé nén f. = 35MPa va médun dan héi E = 29780MPa. Thép
thanh cé cudng do chay f, = 421MPa va mé dun dan héi Es = 200e?
MPa. Hinh 3 m6 ta quan hé Ung suat-bién dang clia bé téng C35
dung trong mé phong. Ludi kich thudc 2cm cho cac phan t théng
nhat trong ca mé hinh dam bao d6 chinh xac cta két qué ciing nhu
tiét kiem thai gian tinh toan,dugc thé hién trén hinh 4.

Hinh 4. Chia ludi phan tit cia md hinh s6
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Hinh 5. Duting cong tai trong-chuyén vi theo thuc nghiém va mé phéng
Bang 2. So sanh két qua thi nghiém cta Alam va mé phéng

Trudng hop Luc cdt 16n nhat (kN) Chénh léch (%)

Alam 81,75 //

Mé phéng 82,80 13

Hinh 6. M6 hinh phé hoai do cat theo thuc nghlem (a) va md phdng (b)
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Hinh 5 thé hién dudng cong tai trong - d6 véng tai gita ban
theo thi nghiém ctia Alam va mé phong. Kha nang khang cét trong
md hinh mé phéng la 82,8kN tuong Ung véi d6 vong 17mm trong
khi két qua thu dugc tir thir nghiém la 81,75kN tai d6 véng 15,2mm.
Bang 2 cho thdy su chénh léch vé kha nang khang cat trong thu
nghiém va mé phong. Su khac biét gitta két qua mo6 phong va thu
nghiém la 1,3%.

Hinh 6 cho thay m6 hinh pha hoai do cat theo thdt nghiém va
mo phong. Cac vét nit dugc hinh thanh xung quanh vi tri giao
nhau gita ban san - cot va lan réng vé cac goc. Cac két qua trén cho
thay su phu hop tét gilia két qua thi nghiém va mé phéng. Mé hinh
md phdng dam bao d6 tin cdy dé thuc hién cac nghién cuiu tiép
theo.

4. CAC NGHIEN CUU THAM SO MG RONG

Trong muc nay, cac nghién ctiu tham s6 dugc thuc hién dé khao
sat anh hudng cla cudng do bé téng va cudng dé thép dén kha
nang khang cét ctia san phang BTCT. Céc kich thudc hinh hoc cla
mo6 phéng giéng nhu trong mé hinh da dugc xac minh & muc 3. Vat
liéu bé tong dugc thay déi vai 3 trudng hop cap @ bén B20, B25 va
B30. Vat lieu thép dugc thay d6i vdi 2 trudng hop dung thép
CB240T va CB300T.

Béng 3. Cac bai toan khao sat

Bai toan Vat liéu bé tong Vat liéu thép
1 B20 CB240T
2 B25 CB240T
3 B30 CB240T
4 B20 CB300T
5 B25 CB300T
6 B30 CB300T
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Hinh 7. Duting cong tai trong-chuyén vi khi thay déi cung dd bé tong
Bang 4. So sanh kha nang khang ct cta san BTCT (thay dé&i
cudng dé bé tong, cét thép CB240T)

BTCT Pu khéng c6 cét thép chiu cét cé thé dugc xac dinh theo cong
thuc:
P =v.b.d (7)
Trong d6 v. la cudng d khang cét ctia bé tong & trang thai gidi han;
bo la chu vi mat cat téi han, nhu minh hoa trén hinh 8;
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Hinh 8. Chu vi mt ct téi han theo ACI 318 (a); dp dung cho mat ct cot tiét dién vudng
120mm x 120mm

d la chiéu cao lam viéc clia san phdng BTCT.

Cuding d6 khang cét vc ddi véi ban phdng BTCT khéng bé tri c6t
dai dugc xac dinh theo gia tri nhé nhat trong cac gia tri sau:

. [(a,d/b)+2]{f. @)
12
2
- [0.5+ZJ\/X ©)
. 6

By

v, = (10)
3

Trong dé o = 40 d6i véi cot bén trong;

Bc la ty s6 gitta canh dai va canh ngén cua cét.

fe 1a cudng do chiu nén clia bé téng. Gia trj fc dugc quy déi tir
gid tri cuong do tinh todn chiu nén Ry theo TCVN 5574-2018 [14].
Cong thuic gan duang quy déi tir cudng dé tinh toan chiu nén Ry
(theo tiéu chudn TCVN) sang gi6i han nén £ (theo tiéu chudn ACl):

R,=0,85.1.0,9=0.765.1. )

Bai toan 1 2 3 ’ y .
P Trong d6 ¢ = 0,9 la hé s6 gidam cudng do, lay theo tiéu chuan ACI-318.
Khé ndng KCT (kN) 254 624 67.9 Bang 6. Cudng dd chiu cit clia san phang BTCT vaéi bé téng B20
Thay d&i (%) 0 13 23 " r b 5 Ve v ”
\ BéngA S.AS? sénhﬂ khé, nang khang cdt cda san BTCT (thay ddi (mm) (mm) (MPa) (MPa) (MPa)
cudng do bé toéng, cot thép CB300T)
Bai toan 4 5 6 40 50 720 1 1.54 1.6 1.3
Kha nang KC (kN) 57.5 64.6 70 Cudng d6 khang cat doi véi ban sir dung bé téng B20 dugc tinh
Thay d6i (%) 0 12 22 toan trong bang 6, 1a gia tri nhd nhat trong 3 gid tri Vo, Ve, Ve. Khi

Hinh 7 minh hoa dudng cong tai trong khang ct - chuyén vi
clia tdm BTCT khi thay d6i cudng dé clia bé tédng. Bdng 4 va 5 so
sanh kha nang khang cit cla cac trudng hop nghién cdu. Két qua
cho thdy kha nang khang cét clia san BTCT tang tur 12% dén 23%
khi cudng d6 chiu nén cda bé tdéng tang tur 15MPa |én 22MPa. Ro
rang, viéc tang cudng do bé tdng anh hudng dang ké dén khé nang
khang cat cta san BTCT.

Theo ACI 318-2014 [13], khd ndng khang cdt cta san phang
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d6 kha nang chiu cat ctia san phdng BTCT tinh theo cong thuc (3):
Pu.=1,3.720.50 =46800 N = 46,8 kN

Bang 7. So sanh kha ning khang cat (KC) gilta mdé phong va cac
tiéu chudn thiét ké

PP tinh Mo6 phong  TCYN5574-  ACI-318  EC-2
2018
Kha nang KC
(kN) 55,4 37,8 46,8 43,9
Chénh léch (%) 0 0 15% 20%
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Bang phuong phap tuong tu, khd nang khang cat cda san
phéng BTCT cing dugc tinh todn theo TCVN 5574-2018 [14] va
Eurocode 2 [15]. Bang 7 so sanh kha nang khéng cat gitta mé phong
va cac tiéu chudn thiét ké. C6 thé thay kha ning khang cét cla san
phdng BTCT theo mé phéng I6n hon cac gia tri thu dugc tir cac
céng thiic dé xuat ctia TCVN 5574, ACI 318 va Eurocode 2. Su chénh
léch nay c6 thé dugc gidi thich do anh hudng cla tuong tac gila
c6t thép doc va bé tong lén cudng dd khang cdt cta ban. Mo
phong clia Abaqus, tuang tac gilia c6t thép va bé tong dugc ap
dung bang phuong phap nhing (Embedded interaction). Ngugc
lai, trong céng thic dé xuat clia cac tiéu chuin, kha ndng khang cét
chi phu thudc vao cudng do bé tdng va cac théng s hinh hoc, ma
khéng xét dén su tugng tac nay.

Hinh 9, 10, 11 thé hién dudng cong tai trong - chuyén vi clia san
bé tong c6t thép duéi luc cdt tGi han khi thay déi cudng do vat liéu
thép Ung véi 3 loai bé téng c6 cap dé bén la B20, B25 va B30. Bang
8,9, 10 tom tat gia tri kha nang khang cét thu dugc tir két qua phan
tich s6. C6 thé thdy, khi tdng cudng d6 thép doc, kha ning chiu cat
cUa san bé tong c6t thép tang tir 3% dén 3,8%. T cac két qua trén
c6 thé rat ra nhan xét: kha nang khang cat cda san BTCT thay ddi
khéng dang ké khi ting cudng d6 cla c6t thép doc chiu luc.
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sof = 150 S0 50
40 q40 40+ H40
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20 20 20 0
10 10 10 10
Chuyén v (mm) CV (mm)
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Hinh 10. Duting cong tai trong - chuyén vi
khi thay d6i cuong do cla thép (cling thong

Hinh 9. Budng cong tai trong - chuyén vi
khi thay d6i cuting do ca thép (ciing thong

50 bé tong B20) 50 bé tong B25)
OFTTRN) - /—\ 370
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Hinh11. Dudng cong tai trong - chuyén vi khi thay d6i cuting dd cda thép (cing thong
56 bé tong B30)

Bang 8. So sanh kha nang khéng cat trén d6 thj hinh 8

M6 hinh B20, CB240T B20, CB300T
Kha nang chiu cat (KN) 55.4 57.5
Gia tang (%) 0 3,8%

Bang 9. So sanh kha ndng khéng cat trén d6 thi hinh 9

Mé hinh B25, B240-T B25, CB300-T
Kha nang chiu cat (KN) 62,4 64,6
Gia tang (%) 0 3,2%

Bang 10. So sanh kha nang khang cat trén d6 thi hinh 10

M6 hinh B30, CB240-T B30, CB300-T
Kha nang chiu cat (KN) 67,9 70
Gia tang (%) 0 3%

5.KET LUAN

Bai bao khao sat anh hudng cla cudng dé bé téng va cét thép
dén kha nang khang cdt clia san phang bé tong cét thép bang
phuong phap mé phdng. Dua trén cac két qua da dat dugc, cac két
luan sau day c6 thé dugc rit ra:

1. Bang viéc so sanh vdi két qua thuc nghiém, mé hinh sé xay
dung trén nén tang mé hinh vat liéu pha hoai déo cua bé téng
(CDP) chiing minh d6 tin cdy d€ du doan kha nang khang cat clia
san phdng bé tdng c6t thép.

2. Kha ndng khang cat cla san phéng BTCT theo cac cdng thuc
dé xuat trong cac tiéu chudn TCVN 5574-2018, ACI 318 va Eurocode
2 nho hon kha nang chiu luc thuc té. Diéu nay dugc cho la do céc
tiéu chudn thiét k€ da bo qua anh hudng tuong tac gilra bé tong va
c6t thép doc dén kha nang khang cat cia ban san.

3. Su tdng cudng d6 bé tdng gilp tang cudng dang ké kha ning
khang cdt clia san phang. Ngugc lai, cudng dé thép doc chiu luc
cho thdy anh hudng khéng dang k& dén kha nang khang cat clia
san phang BTCT.
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