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Toém tat - San phang bé téng cbt thép (BTCT) cé nhirng wu diém
vuwot troi so voi hé san dam [1] nén dwoc st dung rong rai trong
cac cong trinh dan dung. Khi thiét k& san phang can chd y van
dé choc thaing. Choc thiing la dang pha hoai gion, xay ra béat ngo
va khong c6 d4u hiéu bao trwéc, lam giam kha ‘nang chiju lwc cta
san va c6 thé dan dén pha hoai toan bd két cAu cong trinh. Kha
nang khang choc thing clGa san phang BTCT phu thudc vao
nhleu yéu t6 [2]: cuwong do bé tong; ham lwong cbt thép chiu uén;
ty sb gitra lwc c&t va moé-men trong lién két; chu vi nén thang,
chiéu day san; thép chiu cét. Tuy nhién, cac yéu té nay cé dugc
ké dén trong tinh toan kha néng khang choc thiing hay khéng con
tuy thudc vao hwéng dan tinh toan cla tl‘yng tiéu chuén. Viéc
nghién ctru kha nang khang choc thiing cua san phang BTCT
theo cac tiéu chudn TCVN 5574:2012, EC-2 va quy pham Hoa
Ky ACI-318 @& phan tich va so sanh 1a diéu can thiét.

Tir khoa - san phéng BTCT; choc thing; pha hoai gion; lwc gay
choc thang; kha nang khang thang.

1. Pat vin dé

San phéng 1a san khong cé dam, ban san tua truc tiép
1én cot. San phang BTCT dugc st dung rong rii trong cac
cong trinh dan dung vi ¢6 nhitng wu diém vuot tréi hon so
v6i hé san dam [1] nhu: giam chiéu cao ting dan dén giam
chiéu cao ciia toa nha; tinh thim my cao; dé dang trang tri
va tao sy linh hoat trong viéc bé tri khong gian st dung;
cong nghé thi cong cdp pha, cbt thép don gian; giam thoi
gian thi cong va gia thanh xdy dung cong trinh. Khi thiét
ké san phang can chu y dén van dé choc thung vi day 1a
dang pha hoai gion, xay ra bt ngo, hién tuong xay ra
khong c6 dau hiéu bao truéc d& dan dén pha hoai toan bo
két cau cong trinh. Trong thoi gian qua, nhiéu tai nan tham
khéc da xay ra do dang pha hoai choc thiing ctia san phing
BTCT dugc phan tich va mé ta trong cac tai liéu [2, 3, 4]
(Hinh 1 [2]; Hinh 2 [4]).

Hinh 1. Sur sup dé ciia chung cu 2000 Commonwealth Avenue,
Boston, Massachusetts, Hoa Ky do pha hoai nén thiing

Abstract - Reinforced Concrete Flat Slab has several advantages
compared to Conventional Slab-Beam System [1], hence, Reinforced
Concrete flat slab system has currently been used popularly and widely in
civil projects. When designing the flat slab, the punching shear capacity
should be considered. The punching shear is a brittle fracture which occurs
suddenly without any warmning and as a consequence, reduces the load-
carrying capacity of the floor and can lead to a destruction of the entire
structure. The punching shear capacity of a flat slab depends on many
factors [2]: concrete strength; longitudinal reinforcement ratio; the ratio of
shear force to moment at slab-column connection; perimeter of the pyramid
of rupture; shear reinforcement. However, whether these factors are used
in calculating the punching shear capacity of reinforced concrete flat slab or
not depends on the Design Provision of each standard. Thus, the study on
punching capacity of reinforced concrete flat slab by using Viethamese
standard 5574:2012, European standard (EC-2) and American Standard
(ACI- 318) for analysis and comparison is a significant issue.

Key words - reinforced concrete flat slab; punching shear; brittle
fracture; punching shear force; resistance capacity to punching
shear force.

Hién tugng phé hoai do choc thing ciing c6 thé xay ra
trong qua trinh thi céng khi trong lwgng cua bé téng va hé
¢t chdng van khuon truyén vao nhitng tang ké tiép bén
dudi khong duge chdéng d& day du. Mot truong hop dién
hinh cho truong hop nay la cian ho cao tang Skyline Plaza
o Bailey’s Crossroad, Virginia, Hoa Ky, nam 1973 bi sup
d6 khi dang thi cong (Hinh 2) [4].

Hinh 2. Su sup dé ciia can hé cao tang Skyline Plaza & Bailey s
Crossroad, Virginia, Hoa Ky do phd hogi nén thiing

Bai bao nghién ctru kha nang khang choc thing cua lién
két cot vudng gitra — san phang BTCT theo Tiéu chuan Viét
Nam 5574:2012; Tiéu chuén chau Au EC-2 va Quy pham
Hoa Ky ACI-318. Thong qua cac tinh toan thiét ké cu thé
kha nang chiu cit cho lién két cot vudng giita — san phing
BTCT khi khong c6 va co cbt thép chiu cét, tir do s€ duara
s0 sanh, két luan vé cac yéu té anh huong dén kha ning
khang choc thing cta san phiang BTCT theo 3 tiéu chudn
néu trén.
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2. Sw hinh thanh thap choc thing

Kinnuen va Nylander (1960) da tién hanh cac thi
nghiém nén thung cua lién két cot gitra tron — san tron
BTCT, két qua thi nghiém cho thay c6 2 dang pha hoai, d6
1a pha hoai déo cua cdt thép chiu uén khi ham luong cdt
thép chiu udn nho va pha hoai do hién tugng nén thung khi
san phang khong c6 ¢t thép chiu cit.

Hinh 3. Dang phd hoai ciia mau thi nghiém ciia Kinnuen va
Nylander (1960)
Thi nghiém cta Menétrey [6] c6 két qua hinh dang thap
nén thiing véi cac gbc nghiéng khac nhau 1a 60°, 45° va 30°.

Hinh 4. Thdp nén thing dang hinh cén véi nhitng goc 60°, 45°
va 30° theo thi nghiém ciia Menétrey

3. Tinh toan thiét ké kha ning khang choc thiing ciia
san phiang BTCT theo cac tiéu chuin
3.1. Tinh todn tdi trong

Thiét ké kha niang khang thing cho lién két cot giira
vudng c6 canh ¢ = 400 mm; nhip theo phuong X, y cuia san
laly =1, = 6,6 m; str dung bé tong cap do bén B30; tai trong
tac dung 1€n san trinh bay ¢ Bang 4. Chiéu day san chon
theo Quy pham Hoa Ky ACI-318 lay khong nho hon In/36;
chon chiéu day san h = 200 mm. C6t thép 16p trén theo hai
phuong 1a ¢14/s120mm, 16p dudi theo hai phuong la
$14/s240mm. C6t thép cot 8 ¢16.

285100
— =

9 8016

< i

b ‘ 2145120

J 1 i

g (L ]

8 2145240

1100 400 1100

2600

Hinh 5. Cdu tqo lién két cét wudng giita — san phing BTCT

Bang 1. Thong $6 cdc lop vat liéu va hé $6 vuot tdi

- Trong
Ch\leu luon Heé sb vuot tai
day rong
riéng
Céc 16p vat s | TCVN- _ [ ACI-
licusan | (M | KCM) I5574. 9010 | EC2 | ‘318
Gach lat
600x600 0,015 2200 1,1 1,35 | 14
Vira 16t 0,035 1600 1,3 1,35 14
Ban san
BTCT 0,20 2500 11 1,35 14
VuREt | 6015 | 1600 13 | 135 | 14
tran
Tuong 220 | 0,25 1800 1,1 1,35 14
Tuong 110 | 0,15 1800 1,1 1,35 14

Bing 2. Tinh tdi do cdc I6p vit liéu cdu tao (1)

TCVN-
5574:2012 EC-2 ACI-318
Céc 16p vt liéu san (kG/m?) (kG/m?) | (KG/m?)
Gach 1at 600x600 36,30 44,55 46,20
Vita 16t 72,80 75,60 78,40
Bén san BTCT 550,00 675,00 700,00
Vita trat trin 31,20 32,40 33,60
Tudng 220 224,02 274,94 285,12
Tudng 110 103,15 107,12 111,09
Téng tinh tai 1017,47 1209,61 | 125441
Bidng 3. Hoat tdi (2)
Phong 2 .. TCVN- ACI-
lamviee | Hesovuottai oo, 0015| EC-2 | g
TC ACI
2 _ 2 2
kG/m?) |\, | EC2 | G | (kG/m?) KGImMA) |(kG/m?)
200 13| 15 | 1,7 260 300 | 340
Bing 4. Téng tdi trong tac dung Ién san (1)+(2)
.. TCVN-
Tai trong 55742012 EC-2 ACI-318
(kN/m2) (kN/m2) (kN/m2) | (kN/m?)
Téng tai trong (p) 12,7747 15,0061 | 15,9441

3.2. Tinh todn khd néng khdng choc thiing ciia lién két
3.2.1. Tinh toan theo Tiéu chudn Viét Nam 5574-2012

Hinh 6. Hinh dang thdp choc thing TCVN 5574:2012
Tinh toén chéng choc thung theo diéu kién [7]:
F<aR,u_h Q)
Trong do, F 1a lyc gdy nén thung san.
Ludi cot 1a 1 x I va p 12 tong tai trong phan bd déu trén
ban san (ké ca trong lugng ban than), kich thudc cot vubng
6 canh c, véi cOt gitra clia san phang ta co:

F=q[Ll, - (c+2h,)? | @

o hé sb, dbi voi bé tong nang 1y o = 1,0;

Rot: cuong d chiu kéo tinh toan doc truc cia bé tong
ung voi TTGH 1;

ho: chiéu cao 1am viéc ctia san phéng;

Um: gia tri trung binh cua chu vi day trén va day dudi
thap choc thing hinh thanh khi san bi choc thung, trong
pham vi chi€u cao 1am vi¢c cua tiet dién.

Up =4(c+hy) (3)

Khi trong pham vi thap nén thung c6 dat cac cbt thép
dai san thing goc voi mat ban san, tinh toan can dugc tién
hanh theo diéu kién: F < F,+0,8F,, 4)

Nhung khong 16n hon 2Fp; ndi luc Fy 1y bang vé phai
cua bieu thuc (1); Fsw la tong luc cdt do cot thép dai san
chiu (thép nay cat cac mat bén ctia khoi thap choc thiing),
duogc tinh theo cong thuc: Fg, z Row- Asw (5)

Rsw: cuong do chiu cit tinh toan cua cbt thép, khong dugc
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vuot qua gia tri tmg vai ¢t thép CI, A-l.
Khi ké dén c6t thép ngang, Fay lay khong nho hon 0,5F.
Véi cap d6 bén bé tong B30 ta ¢ Rpe= 1,2 Mpa.
Str dung céc cong thirc (1) dén (5) cho lién két Hinh 5,
ta c6 cac két qua sau:
Bing 5. Két qua tinh todn theo TCVN 5574:2012
c h ho Um Fo p F
(mm) | (mm) | (mm) | (mm) | (KN) | (KN/m?) (kN)
400 | 200 | 166 | 2264 | 451 | 12,775 | 549,62
Do Fp<F phai tinh cbt thép tham gia chiu choc thung
cho lién két véi Fyy =D Ry Ay, LAy Raw = 17,5 kN/cm?
va Fqy khong 1y nho hon 0,5F.
Ta co: F-Fp = 98,6 kN < 0,5F, = 225,5 kN. Ly Fqy = 2255 kN.
Dién tich ¢t thép tinh todn chiu cat thing cho lién két:
Al _Fsw _ 1288 530mm?
SW
Chon 20 ¢ 10/ s115mm b4 tri cho lién két.
Dién tich cbt thép bd tri chiu cat thing cho lién két:
Bl =1570,796 mm?

A

I A

®14s1 25/ \209)1 0s115

21451 Zq 209105115
A | —
o14524)

Hinh 7. Bé tri thép chong choc thing theo TCVN 5574:2012

3.2.2. Tinh toan theo Tiéu chudn chau Au EC-2
Tinh todn chdng choc thung theo diéu kién [8]:

Vea.e =Up (Ve c) (6)

200

Trong d6:
VRrd,c: kha nang khang choc thung cua bé tong.

Uy =4(C+4a) : chu vi thap choc thung.

A: Tiét dién kiém tra co so.

. B: Dién tich kiém tra co

/ ban Acont.

% C: Chu vi kiém tra co ban

o 5 u1

D: Dién tich chét tai Aload.

o reont: Kich thudc tinh chu vi
ki€ém tra mo rong.

A
v

Hinh 8. Thdp choc thiing theo Tiéu chudn chau Au EC-2

Vea,c =Crack (100 p o

g ’200 _
voi: k=1+ D <2,0,p= /px.py <0,02

Px; Py: ham luong cbt thép chiu kéo theo 2 phuong
vudng géc x vay;

)1/3 (7)

fo: cuong d6 nén dic trung cua bé tong (N/mm?);
ve=1,5 d6i v6i bai toan thiét ké.
Luc gy choc thung:

Ve :p[lllz—(c+4a)2} (8)

Truong hop Vg ¢ <Veg <2Vpg ¢ Phéi bé tri cdt thép chiu
choc thung. Dién tich c6t thép can bd tri chiu choc thing:

VRd, -0, 75de’
ASWZ Ccs f C

15 ywd ,ef
Sy .Ug

©)

Trong do:

_ \V/ _
et =250+0,250; Vg =L§; s, =0,75d.
u

1
V6i cuong d6 nén dic trung cua bé tong C25/30 cd
foa=25 (N/mm?).
St dung cac cong thic (6) dén (9) cho lién két Hinh 5
ta c0 két qua sau:
Bing 6. Théng sé tinh toan theo Tiéu chudn chau Au EC2

c h d K
(mm) | (mm) | (mm) px Py p e
400 200 166 | 0,0071 | 0,0077 | 0,0074 | 2 | 1,5

Bing 7. Két qua tinh toan theo Tiéu chudn chau Au EC2

U1 Crdc VRd,c VRdc p VEd
(mm) (kN/m?) (kN) (KN/m?) (kN)
4256 0,12 0,6354 448,88 15,096 640,496

Kiém tra kha ning khang thung cua lién két, do:
Vra,c =448,9kN <V =640,496kN < Vg4 . =897, 76kN

Phai tinh cbt thép chiu choc thung cho lién két.

Xac dinh chu vi ngoai khong can b tri ¢t thép chiu

. V,
choc thung: Uout ef = Bd_ _ 6072, 75mm-
VRd,c

Xac ‘dinh’khoél,lg cach tir mat cot dén mat ngoai chu vi
khdng can bé tri cot thép chiu choc thiing:

Uoutef = 4(C+20x)=4(400+ 2(166X)) = 6072,75

& x=3,368>3,0

Dién tich cbt thép téi thiéu ciia mot thanh cin bd tri

khng thing: o . = OO Tac(S8) o pa o
, f

Trong d6:

s, =0,75d =124,5mm; s, =1,5d =249,0mm; f,, =500 MPa

Chon cbt thép bb tri 8 6 asw = 50,23 mm2,
Dién tich c6t thép tinh toan chiu cit thung cho lién két:
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VRd,cs ~ 0, 75‘/Rd,c

Ay, > =521,16mm’
15 fywd,ef
sy
Voi:  fg e =250+0,25d = 291,5N / mm?

ywd ,e

Va: VRd cs :\%zgoe,&am / mm?

1
Chon 12 ¢ 8 b tri cho lién két. Dién tich ¢t thép b tri
chiu cat thing cho lién két: A3}, = 603,18 mm?

A
4

308

308

1
v I {E[
327 124.?x2 129 ]
[3,47345576
=400 | K

Hinh 9. Bé tri thép chong choc thing theo Tiéu chudn chau Au
EC-2

3.2.3. Tinh toén theo Quy pham Hoa Ky ACI-318
/
[ ‘ 1 I ﬁ |
S|

mat cat thung

Hinh 10. Tiét dién phd hogi theo Quy pham Hoa Ky ACI-318
Tinh toan chéng choc thung theo diéu kién [9, 10]:

VU S ¢VU0 (10)
Trong d6: Vy la luc gy choc thung trong san:
—\2
V, = p[lllz ~4(c+d) } (11)

V6i @ = 0,75: hé s6 giam cuong do khi bé tong chiu cét
theo Quy pham Hoa Ky ACI-318-2002.
Vuo: Gia tri choc thung cuc han cia san phéng:

Vo =ud (v,) (12)

Trong d6, u = 4(c+d) : chu vi thap choc thung;
d +d

y

a:

: chiéu cao lam viéc trung binh cta san;

vn: cuong do khang cit trén mot don vi dién tich, don vi
1a N/mm?, dugc tinh 13 gi4 tri nho nhat trong 3 gié tri sau:

min{vn:[uﬁiJ\/E ;vn:(asd+2J\/_ , ﬁ}(ﬁ)

fe
v
) 6 u 12 3

Trong d6: as= 40 ddi voi cot gitra lién két voi san
phéng; Be: ty ) canh dai/canh nge‘in cua 0 ban; fC' : cudng
dd nén dic trung cta bé tong (N/mm?).

Truong hop V, > @V, phii bd tri cot thép chiu choc
thing c6 fy = 3500 kG/cm?,

Phan luc cét Vs do c¢dt thép phai chiu:

Vo -
V, = Vu — Ve (14)
¢
Dién tich ct thép dang c6t xién chiu cat trong san:
V, - V, -
A\/ — u ¢\/C _ u ¢\/C (15)

gt sina ¢t sin45°
Cuong do nén dic trung cua bé tong C25/30 c6
f. =25 (N/mm?)

Str dung cac cong thire (10) dén (15) cho lién két Hinh
5 ta c6 két qua sau:
Bing 8. Két qud tinh todn theo Quy pham Hoa Ky ACI-318

c h d u Be | as p
(mm) (mm) (mm) (mm) (KN/mm?)
400 200 166 2264 1140 15,944

Bing 9. Cuong do khing cdt, e khdang choc thing thiét ké va
lie gdy choc thing theo Quy pham Hoa Ky ACI-318

w1 [0 [ e ]
(N/mm?) | (N/mm?) | (N/mm?) | (N/mm?) (kN) (kN)
25 2,107 | 1,6667 | 1,6667 | 469,8 | 689,41

Do V, >@V, can kiém tra kha nang khang thung cua

lién két, phai tinh ¢dt thép chiu choc thing cho lién két ¢6
f, = 3500 kG/cm?.

Phan luc cét Vs do c¢dt thép phai chiu:
v, = Yo =Ne _ 597 gaakn
¢
Dién tich c6t thép dang cbt xién chiu cét trong san:
A\/: Vu __¢Vc — Vu _-¢Vc0
gfysina ¢f, sin45

=9,83cm?

Chon bb tri 8 thanh thép cho lién két, dién tich mdi

thanh thép la: A = %:0,8194 cm?

Chon thanh thép s6 No.4 c6 dudng kinh 12,7 mm va
dién tich 12 1,29 cm?.

Dién tich c6t thép bd tri chiu cat thing cho lién két:
BT —10,32cm? =1032 mm?

Kiém tra kha nang chiu cat clia ban san ngoai diém ¥
chiéu dai doan nghiéng cua thép xién, lay gan dung bang
(¥%)d = 124,5 mm. Tiét dién t6i han thir 2 ¢6 chu vi bang:

U, = 4(c+d +124,5) = 2762mm

Luc cit tinh toan tai tiét dién t&i han tht 2 bang:
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¢'\/c = ¢.U0.d

Do V, <¢V, nén khong can bé tri thém cdt thép xién.

v, =698,536kN

/\/ Pthanh No.4(d=12.7mm)

Tiét dién|gici han 2

Tiét dién gifi han 1

2thanh [No.4(d=12.7mm)

124.%83 400 83,124,

Tiét dién gioi han 2

I N SN E[
1 : k 1
Tiét dién gidi han 1
360 83 c=400 83 360

Hinh 11. Bé tri thép chéng choc thiing theo
Quy pham Hoa Ky ACI-318
4. Két qua
4.1. Téng hop két qua
Bing 10. Két qud tinh todn thé kha néng khang choc thing

. | b TCVN ACI-
Cdcthongso | v | ss72:2012 | B2 | 318
Tong tai trong kN/m? 12,77 15,09 15,94
Luc gay choc kN 549,62 | 640,49 | 6894

thing

Luc khang choc

thing thiss k& kN 451,00 | 448,88 | 532,4
B) tri ¢t thép 20410 1208 8No.4
chiu cit 5115 (12,7mm)
Dién tich thép | 12885 | 521,16 | 938,0
tinh toan

Eé@t‘:l,mh thép mm?2 1570,8 | 603,18 | 1032,0

4.2. Hé 56 so sinh
Bing 11. Ti 56 ciia lic gdy choc thing va hee khing choc thing

thiét ké
TCVN 5574:2012 EC-2 ACI-318
= =1,2187 n, = Ved _y 496 ng= Va1 468
Fb VRd ,C c

Dbi v6i timg tiéu chuén, luc khang choc thing cua san
phiang BTCT c6 két qua tinh toan khac nhau. Trudng hop
khong ké dén su chiu choc thing cua cdt thép néu thiét ké
theo Quy pham Hoa Ky ACI-318 c6 két qua tinh toan an
toan nhat, bai hé sé ns cao nhat va thiét ké theo Tiéu chuin
Viét Nam 5574:2012 1a tiét kiém nhét vi chi s6 ny nho nhat.

Trudng hop ké dén sy tham gia chiu cét thung ciia cot
thép thi Tiéu chuan Viét Nam TCVN 5574:2012 cho két

qua dién tich cbt thép chiu cat 16n nhat vi theo huéng dan
khi ké dén cot thép ngang, Fsy lay khong nho hon 0,5F,.

5. Két luin

Bai bao st dung céc cong thire tinh toan kha nang khang
choc thiing cho lién két cot vuong giira - san phang BTCT
theq 3 tiéu ckluan 14 Tiéu chuin Viét Nam 5574:2012, Tiéu
chuan chau Au EC-2 va Quy pham Hoa Ky ACI-318, tir d6
thict ké kha nang khang choc thung cua lién két cot vubng
gitra - san phang BTCT (Hinh 5).

Két qua tinh toan cho thiy ring:

- Ca 3 tiéu chudn déu dua cudng do bé tong vao cong
thirc tinh toan kha nang choc thiing ctia san phang BTCT.

- Ham luong cdt thép doc chiu ubn cia san theo Tiéu
chuan EC-2 ¢6 anh huong dén kha nang khang choc thung
cua san phang BTCT.

-Ti s6 canh dai/canh ngén cua di’én truyén tai va vi tri cia
lién ket (gitra, goc) da anh huong dén kha nang khang thing
ctia san phang BTCT theo Quy pham Hoa ky ACI-318.

- Truong hop khong su dung cbt thép chiu cat néu sir
dung TCVN 5574:2012 thi€t k¢ khang choc thung cho lién
ket cot vudng gilta — san phang BTCT la tiet ki¢m nhat va
theo Quy pham ACI-318 1a an toan nhat.

- Truong hop can bd tri c¢bt thép khang choc thung nén
sir dung Tiéu chudn chau Au EC-2 va Quy pham Hoa Ky
ACI-318, ket qua tinh toan s& tiét kiém va viéc bo tri cot-

thép chiu cét s& don gian hon tiéu chuan Viét Nam TCVN
5574:2012.

_Loi cam on: Nghién ciru nay duoc tai trg boi Quy Phat
trién Khoa hoc va Cong Nghé Dai hoc Da Nang trong dé
tai ma s6 B2016-DN02-14.
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