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Toém tét: San phdng khéng dédm bang bé téng
cét thép khoéng nhitng dem lai loi ich vé chiéu cao
théng thuy méi tang, tinh thdm my ma con dé dang
I&p dung cdp pha, gidm théi gian thi cdng cong trinh.
Tuy nhién loai hinh két cdu san nay nhay cam véi
kiéu pha hoai choc thdng tai v tri lién két san-cét, co
thé dadn dén sup d6 cong trinh. Khi &n mon cét thép
X3y ra cang lam cho ¢mng xd tai vj tri lién két san-cot
phuc tap. D béo khd ndng chiu luc tai ving nay can
ké téi cac nhan té dnh huéng do &n mon gay ra. Bai
b&o nay trinh bay két qua dénh gié kha néng chiu luc
clia san phang khoéng dam c6 cét doc bj &n mon
théng qua 123 d& liéu thyre nghiém thu thdp duoc tor
cac nghién ctu truéc day duwa trén 3 tiéu chudn ACI
318-19, Eurocode 2 va TCVN 5574:2018. So sanh
cac chi sé thdng ké cho thdy TCVN 5574:2018 cho
két qué duw bdo an toan nhét. Ngoai ra, mét cong thic
thu dwoc tir phan tich héi quy phi tuyén duoc dé xuét
dé cai thién dé chinh xéac khi duw bao khd ndng chéng
choc thdng cda san phang khdng ddm bé téng bj &n
mon cét thép.

Tw khéa: khd ndng chéng choc thdng, d liéu,
tiéu chudn, &n mon, héi quy phi tuyén

Abstract: Reinforced concrete (RC) flat slab not
only provides benefits in terms of floor-to-floor height,
aesthetics but also facilitates the installation of
formwork, reducing construction time for the project.
However, this type of floor structure is prone to
punching failure at the slab-column connection,
which can lead to the collapse of the structure.
Corrosion of the steel reinforcement at the
connection of the slab-column makes the behavior
more complex. Predicting the load-bearing capacity
in this zone needs to account for the factors caused
by corrosion. This paper presents the results of
evaluating the punching shear strength of corroded
RC flat slabs through 123 experimental databases
from previous publication based on three building
codes: ACI 318-19, Eurocode 2, and TCVN
5574:2018. The statistical metrics indicate that TCVN

Tap chi KHCN Xay dung - s 4/2023

5574:2018 provides the safest prediction results.
Additionally, a formula derived from nonlinear
regression analysis is proposed to enhance the
accuracy in predicting the punching shear strength of
the corroded RC flat slabs.

Keywords: punching shear strength, database,
building codes, corrosion, nonlinear regression.

1. Gi&i thigu

San phang khdng dam bang bé téng cbt thép
(BTCT) la mét trong nhikng loai hinh két cdu san duoc
st dung phd bién trong céng trinh xay dwng. Tuy
nhién, hé két ciu san nay dé bi pha hoai kiéu choc
thang do thiéu hé dam phia dwéi d& san. Co ché pha
hoai clGia san dwoc minh hoa nhw Hinh 1. Kiéu pha
hoai choc thiing ctia lién két san-cot bt dau tir sw hinh
thanh vét nit ubn quanh chu vi cot & ving kéo clia
san va lan dan xudng viing nén. Khi tai trong tiép tuc
tang 1én bang khodng 2/3 tai trong cwc han, vét nit
cat nghiéng xuét hién thudng & gan gitra chidu day
san va phat trién 1én ving chiu kéo va xudng ving chiu
nén cho dén khi lién két bj pha hoai [1].

Cot

Hinh 1. Co ché phé hoai kiéu choc thing

T nhirng nam 60 cla thé ky truwdc, ing x&r phirc
tap cla lién két san-cot da dwoc nhidu nha nghién
ctru thye nghiém quan tam [2], [3], [4]. Dwa trén cac
két qua thwc nghiém va ly thuyét co hoc khéc nhau,
nhirng md hinh dy bao kha nang chéng choc thiing
ctia san phang BTCT duwogc phét trién [5], [6], [7].
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Ngoai ra, trong mét sb tiéu chudn nhw TCVN
5574:2018 [8], ACI 318-19 [9], Eurocode 2 [10] cling
cung cap cac cong thirc ban thue nghiém hodc thue
nghiém dé dw bao kha n&ng chiu choc thiing ctia san
c6 va khong c6 cbt ngang. Tuy nhién mét sb tham sb
anh huwéng dén két qua dw béo bi bd qua hodc cwéong
dd cbt thép doc hodc ham lwong cbt thép doc hoadc
hiéu &ng ty & [11], [12]. Diéu nay c6 thé dan dén két
qué dy bao qua than trong va bién déng 1&n tir cac
tiéu chudn nhw da béo céo trong [11], [13].

An mon cbt thép trong két cau bé téng cét thép
la vn dé dwoc quan tam rdng réi trén thé gisi [14].
Da phan cac nghién clru tap trung vao ng x& cta
dam BTCT bj &n mon trong khi nghién ciru tng x(r
cla san hai phuong con han ché. Cac nghién ctu
thwe nghiém khad nang chdng choc thing cda san
phdng BTCT bj &n moén cét thép gan day da duoc
mot s6 nha nghién ctu quan tdm. Said va Hussein
[15] thi nghiém 4 tAdm san v&i kich thwdc 1900mm x
1900mm x 150mm (dai x réng x day) c6 mc do an
mon cbt thép doc (tinh theo phan trdm khéi lwvong)
lan lwot 1a 0%, 15%, 25% va 50%. Két qué thuc
nghiém cho thay sw tdng mirc dd &n mon cbt thép
doc 1am gidm kha ndng chéng choc thang cla san,
gidm dé crng nhwng tang kha nang xoay cla san.
Qian va cong s [16] tién hanh nghién ctu thuc
nghiém anh hwédng cta &n mon cbt thép doc 1én &ng
X choc thing cta 12 san BTCT c6 kich thwéc mat
bang 2200mm x 2200mm, chiéu day san 125mm va
150mm. Két qua cho thay ving san bi choc thdng
rébng hon so véi san khdong bi an mon. Gomaa va
coéng sw [17] tién hanh nghién ciru thwc nghiém va
mo phdng sé dé& danh gia kha nang chiu choc thing
ctia san BTCT bi &n mon cbt thép tr mirec dd 0% dén
30%. Két qua cho thay ty & &n mon cao dan dén thay
ddi kiéu pha hoai ctia san tr uén sang choc thang.
Ngoai ra, trong nghién ctru [17] d& chi ra tham sb ty
l& canh dai/canh ngén cla cot c6 tiét dién chi nhat
¢6 &nh huwéng I&n dén kha néng chiu tai cia san.

T téng quan cac nghién clru trén c6 thé nhan
thay rang &n mon cét thép doc c6 anh hwéng I&n dén
&ng x& co hoc cling nhw dd bén cha san phang
khéng dam BTCT. Kha nang bién dang tai vi tri lién
két san-cot anh hudng trwe tiép 1én kha nang chdng
choc thing cta san. An mon cbt thép doc tai vi tri
phia trén dau cot trong pham vi chu vi choc thing
cling anh hwéng dén kha nang chiu luc cla lién két
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san-cét. Cwdng do chiu nén cla bé tong con lai sau
khi cét thép bi &n mon doéng vai trd quan trong trong
viéc tang strc khang cat cda lién két san-cot. Do do,
dé& dw bao chinh xac kha nang chiu choc thiing cla
san phadng BTCT bi an mon can xem xét dén céac
tham sb ké trén. M hinh giai tich kho c6 thé tich hop
day du cac tham sb anh hwéng, trong khi phan tich
bang phwong phap phan t& hiru han doi hdi cac ky
sw thiét k& can c6 kién thirc chuyén sau va cong cu
dd manh. D& c6 thé ap dung dé dang trong thuc té,
bai bao nay dé xuat mét cong thire hdi quy tir cac div
liéu da cong bé nham dw bao khd nang chiu choc
thiing cda san phédng BTCT bj &n mon. Két qua dw
bao dwoc so sanh v&i mot sb tiéu chuan dwa trén cac
chi sb nhw sai s6 phan tram trung binh (MAPE), can
bac hai sai sb binh phwong trung binh (RMSE), hé
s6 xac dinh (R?).

2. Kha nang chiu choc thung cta san phang
BTCT theo mét sé tiéu chuan

2.1 TCVN 5574:2018 [8]

Khi khéng cé cét thép ngang, kha ndng chéng
choc thing cla san dwéi tac dung cula lwc tap trung
dwoc xac dinh theo cbng thire (1)

K u = RbtUho @
trong dé: Ryt la cwong d6 chiu kéo tinh toan cua bé
tdng; u 1a chu vi dwéorng bao tiét dién tinh toan tinh tiy
khodng céch ho/2 tir mét cot; h, 1a chiéu cao lam viéc
quy ddi cta san.

2.2 ACI 318-19 [9]
Kha nang chiu choc thing danh dinh clia san bé

tdng nang, khdng cé cbt dai véi cac cot gitka trong
nha duwgc xac dinh theo céng thire (2).

Vo = mlnE 1(1+—)} aJtbhd @

trong do: Bs la ty 1& canh dai/canh ngan clta cot;

2 N ~ V4 2 A “n ” ,
A, = ,|[————=—— <1 lahé so ke dén hiéu &ng kich
\Il+ 0.004d

co; fc' la cwdng do chju nén dac trung cla bé téng

mau try; bo 1a chu vi tiét dién chiu cat & khoang cach
d/2 tinh tr mat cot; d la chiéu cao lam viéc cua san.

2.3 Eurocode 2 [10]

Kha nang chéng choc thing thiét k& danh nghia
cho lién két san-cot trong nha xac dinh theo cong
thire (3).

Tap chi KHCN Xay dung - s6 4/2023



KET CAU - CONG NGHE XAY DUNG

V. =0.18£(100p f, )"*u,d <0.035&%%, [ f  u,d ©)

/200 s
trong do: & =1+ T <2 la hé so ké dén hiéu

tng kich c¢&; p=,/pp, <0.021a ham lvong cbt

thép doc; fCk la cwdng do chiu nén dac trung clia bé

tong; ua 1a chu vi tiét dién chiu choc thang & khoang
cach 2d tinh t&r mat c6t; d la chiéu cao lam viéc cla
san.

3. Dir liéu kiém chirng va danh gia két qua

3.1 Thu thdp di¢liéu

D liéu thu thap bao gdm 123 két qua nghién
ctru thwe nghiém va md phéng sé trén cac san phang
bi &n mon dwoc cdng bd trong cac nghién ciu [17],
[18]. Can lwu y réng phwong phap thuc day &n mon
bang cach s dung dong dién mét chiéu két hop
dung dich dién ly NaCl dwoc sir dung trong cac
nghién ctu thuc nghiém. Mdéc d6 &n mon cla cot
thép doc dwoc tinh dwa trén phan trdm mat mat khéi
lwgng trung binh cdia thanh thép trwéc va sau khi bj
an mon, xac dinh theo cbng thirc:

W, —W
—

C%= 100 4

trong do: C 13 mirc do an mon (%): Wo Ia khéi luong
ban d4u cda thanh thép; W la khéi lwgng con lai cla
thanh thép sau khi bi an mon.

T4t c& cac mau thi nghiém déu c6 mat bang san
hinh vuéng, c6 lién két gbi twa quanh chu vi, cot tiét
dién chi¥ nhat/vubng & chinh gitra tAm san va chiju tai
trong tinh dung tam. Chi cbt thép doc & ving kéo méi
bi &n mon, do dé cé thé coi cwéorng dd chiu nén cia
bé tdng & vung nén khdng bi anh hwdng b&i an mon
cbt thép. Céac bién diu vao bao gdm: chiéu cao lam
viéc cla san, d(mm); ty 1& nhip/chiéu cao lam viéc,
L/d; cwérng d6 chiu nén clia bé tdng mau try, f(MPa);
ham lwong cét thép doc, p(%); gi¢i han chay cda cot
thép, fy(MPa); ty 1é canh dai/canh ngan cot, h/b; dién
tich tiét dién ngang cta cot, A((mm?); m&rc dd &n mon
cbt doc, C(%). Bién dau ra |a khd nang chiu choc
thang cta san, V(kN). Bang 1 mé ta mét s thong sé
thdng ké cla tap di liéu.

Bang 1. Pham vi thay déi cda céac tham sé [17], [18]

Bién dau vao Gia tri Min. Gia tri Max. Gia tri trung binh Do léch chuan
d(mm) 29.7 170 104.8 35.65

L/d 6.3 20 11.2 3.64

fc (MPa) 18.2 45.6 33.71 6.38

0 (%) 0.2 2.3 1.05 0.42

fy(MPa) 280 744 456.66 87.76

h/b 1 4 1.33 0.75

Ac(mm?) 3025 160000 28256.93 20558.38
C(%) 0 30 5.89 8.52

Bién dau ra, V 30.5 480 205.97 103.93

(kN)

3.2 Két qua dwbéo ter cac tiéu chuan

Hinh 2 thé hién s thay ddi ty sé lwc choc thing
tr c&c mau thi nghiém (Viest)/lwc choc thiing tinh to
céac tiéu chuan ACI 318-19, Eurocode 2 va TCVN
5574:2018 (Vca.). Bang 2 thé hién chét lwong duw
bao kha nang choc thiing ctia san khoéng cé cbt dai
theo 03 tiéu chuan. Can Iwu y rdng méi tiéu chuén
str dung hé sb an toan vat liéu khac nhau, do dé dé
so sanh két qua dy bao trong bai bao nay khéng
tinh dén cac hé sé nay. T Hinh 2 va Bang 2 cho
thay tiéu chuan Eurocode 2 cho két qua dw bao véi
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sai s6 |&n nhat (46.4%) va chi c6 khodng 26% két
qua dy bao duwoc gidi thich béi cac bién dau vao.
Tiéu chuan TCVN 5574:2018 cho két qua tét nhat
voi sai s6 nhd nhat va hé sb xac dinh I&n nhét.
Trong khi d6 tiéu chudn ACI 318-19 cho két qua duw
bao & murc trung gian gitra 2 tiéu chuan con lai. M&c
du TCVN 5574:2018 c6 hé s xac dinh tét nhat trong
3 tiéu chudn, nhung c6 thé thay gia tri nay & muc
thap, chi c6 khodng 54.6% két qua thwc nghiém co
thé giai thich dwoc bang cong thirc cho trong tiéu
chuan.
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Bang 2. Chisé phan tich théng ké cta 3 tiéu chudn

Chi sé Tiéu chuan
ACI 318-19 Eurocode 2 TCVN 5574:2018
MAPE 42% 46.4% 40%
RMSE 94.347 105.541 106.597
R? 42.1% 26.1% 54.6%
4 4.5
35 4
3 ——ACI 318-19 35
. 4 3
g 2.5 § 25
= 1.5 1.5
1 1
05 05
.0 :
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TEST/CAL.
w
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—4—TCVN 5574-2018

80 100

SO LUONG MAU
Hinh 2. Ty $6 Viest/Vea. dat duroc tir céc tiéu chudn

Lima va Barros [19] d& nghi dung thém chi sb

¥ = Virest dé danh gia phan loai cu thé hon vé tinh
Cal.

an toan clia cac cong thirc dy bdo. Chang han, sb

lwgng cac mau co ty so x nho hon 0.75 dugc phan

loai 1 dw bao rat nguy hiém, trong khi néu ty sb x ti

1.25 dén 1.75 duoc phan loai 1a dy bao than trong, x
>3.0 dwoc xem la rat than trong. V&i mdi mée phan
loai nhw vay c6 mét diém phat twong ng véi sb diém
1210, 5, 2,0, 1, 2. Dya vao cach phan loai trén, ta cé
bang 3 thé hién mrc d6 an toan cla 3 tiéu chuan dy
béo thdng qua s6 lwong cac mau co ty sb x ndm trong
tirng khoang xac dinh.

Bang 3. Panh gi& chét luwong dw bao cua 3 tiéu chuédn

. Tiéu chuan/Sé lwgng mau Didm phat Phan loai
ACI 318-19 Eurocode 2 TCVN 5574:2018

<0.75 29 19 2 10 R&t nguy hiém
0.75-1.0 30 11 13 5 Nguy hiém
1.0-1.25 31 23 17 2 An toan bj gidam
1.25-1.75 24 45 38 0 An toan
1.75-3.0 7 21 44 1 Thén trong

>3.0 2 4 9 2 RAt than trong

Dwa vao Bang 3, c6 thé nhan thay tiéu chuén
ACI 318-19 nhan sbé diém phat cao nhat (513
diém), nghia la chat lwong md hinh dw bao la kém
an toan nhat. Ngwoc lai tiéu chudn TCVN
5574:2018 nhan sbé diém phat thap nhét trong 3
tiéu chuédn (181 diém), didu nay ching té dd an
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toan cla tiéu chuan nay la cao nhat. Két qua dy
b&o cuia ca 3 tiéu chuén cho sai sb I&n (khdng an
toan hoac qua than trong) la do ham Ilwgng cot
thép, mirc d &n mon cbt thép doc va ty 1é
nhip/chiéu cao hiéu qua cta san chwa dwoc tinh
dén trong cac tiéu chuan nay.
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4. Cong thirc dé xuat

Nhirng két qua phan tich & muc 3.2 chi ra rang
kh& nang choc thiing clia san phang c6 cbt thép bi
an mon con phu thudc vao ham Iwgng, merc dd an
mon cbt thép doc va ty |1& nhip/chiéu cao lam viéc. Do
vay, cong thirc dy bao can ké t&i cac nhan té anh
hwdng nay. Dé thiét lap cong thirc thwe nghiém,

L 0.45
Vpred‘ =0.4x A?‘ZZ xd % x (aj X p°'29

phwong phap phan tich héi quy phi tuyén duoc thuc
hién. Dau tién dir lieu dwoc chuyén ddi thong qua
ham logarit dé tinh d@én tinh phi tuyén cla bai toan.
Sau dé thwe hién phan tich héi quy tuyén tinh trén
tap dir liéu mai sao cho chi s RMSE dat gia tri nhd
nhét. Két qua thu dwoc & cong thire (5) dé du bao
kha n&ng chéng choc thing cia san phang bé téng
c6 cbt thép doc bi an mon.

. \0.7
f
—c 1—C%)°®
X[4oj x 0)"" kN (5)

Céc dai lwong trong cong thire (5) da giai thich & Bang 1. Can lwu y ham luwong cét doc trong céng thire
(5) Ia ham lwgng cbt thép doc con lai sau khi tinh dén méat mat dién tich do &n mon gay ra.

3
=—Cong thirc (5)
2.5 = ow
- - . n - N .
a 2 A 1 v
ﬁ .-' F _: o gl = n n
S1s5 Now FET el e [ e e
R Rl VAR U
et T m "E g L wl - Ry L
- 1 [ 1" B ]
L . I
0.5 R %
0
0 20 40 60 80 100 120 140

5O LUQNG MAU

MAPE= 32.2%
RMSE= 86.229
R2= 71%

Két qua cho thdy mac du sb diém phat nhan
dwoc tr cbng thirc (5) la 186 cao hon TCVN
5574:2018 nhwng dy béao khéng tao ra két qua rat
than trong nhw ca 3 tiéu chuan trén. Hon niva, két
qua dw béo cho thay cac chi s MAPE, RMSE va R?
c6 chét lwong tét hon so véi dw béo tir 3 tiéu chuan.
C6 dén 71% két qua thwc nghiém duoc gidi thich
théng qua cong thirc (5), cao hon dang ké so véi cac
tiéu chun trén.

5. Két luan

Bai bao trinh bay két qua danh gia dw bao kha
nang chdng choc thing cta san phéng bé téng cét
thép doc bi an mon khong st dung cbt dai theo 3 tiéu
chuan ACI 318-19, Eurocode 2 va TCVN 5574:2018
dwa trén bd di¥ liéu thirc nghiém thu thap dwgc. Sau
dé mét cong thire dwoc thiét 1ap dwa vao phan tich
hdi quy phi tuyén tinh dén cac nhan té anh hwéng
dén kha nang chéng choc thiing cia san phang bi an

Tap chi KHCN Xay dung - s 4/2023

Céng thire N .
Phan loai
R4t nguy
<0.75 6 hidm
0.75-1.0 10 Nguy hiém
1.0-1.25 26 An toan bj
giam
1.25-1.75 57 An toan
1.75-3.0 24 Thén trong
>3.0 0 R4t than trong

Hinh 3. Két qué duw béo ttr cong thirc dé xuét

mon cét thép. Trong pham vi b di liéu thuwe nghiém
ciing nhw cac giai thiét khi tinh toan, mot sb két luan
c6 thé rat ra nhw sau:

- Tiéu chuan ACI 318-19 dw b&o kha néng chiu
choc thiing cla san c6 s lwong mau ndm & murc
nguy hiém/rat nguy hiém cao nhét |a 47.96%;

- Tiéu chuén Eurocode 2 mac du cho cac chi sé
thdng ké khéng tét bang tiéu chudn ACI 318-19
nhwng sb lwong mau ndm & ving an toan cao hon
v&i 75.6%;

- Tiéu chuadn TCVN 5574:2018 cho két qua dw
bao an toan nhat, ddng thdi cac chi sb thdng ké
MAPE va R? ciing t6t hon 2 tiéu chuan con lai;

- Cong thirc d& xuét so sanh véi két qua thyc
nghiém cho chét lvong dw bao tét hon ca 3 tiéu
chudn xét vé céc chi sé théng ké MAPE, RMSE va
R2. Ngoai ra, chi c6 13% sé lwgng mau dy bao nam
& mirc nguy hiém/rat nguy hiém.
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Két qua trong bai bao cho thay khad nang chéng
choc thdng clia san bj an mon khéng chi phu thuéc
vao mirc do6 an mon ma con phu thudéc vao ham
lwong cét thép doc con lai va ty 1& nhip/chiéu cao hiéu
qua cla san. Khi tinh dén cac nhan té nay, két qua
thu dwoc tr dw bao sé gan tiém can véi két qua thuc
nghiém hon. Ciing can lwu y rang, cac két qua phan
tich trong bai bao nay thu dwoc dwa trén 123 quan
séat thuc nghiém va md phéng sb, chwa dai dién cho
tat ca cac tinh hudng trong thuc té két ciu cong trinh
st dung loai san khéng dam. Céng thirc (5) van c6
thé cai thién tét hon niva bang cach s dung thém
cac dir lieu thyc nghiém méi va cac thuat toan hoc
may hiéu qua khac.
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