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TU KHOA TOM TAT

M6 phong sb San phéng bé tong cbt thép (BTCT) dwoc 4p dung nhiéu trong céc cong trinh dan dung hién dai do c6 thé

San phéng linh hoat trong bé tri kién triic, thi céng nhanh va hiéu qua kinh té. Tuy nhién, loai san nay c6 thé bi pha

Choc thiing hoai dot ngdt, dic biét 1a khi c6 sy xuéit hién cta 16 mé gin vi tri cot/ vach. Nghién ciu nay dénh gia kha

Loma ning chéng choc thiing cfia san phing BTCT c6 16 m& theo cac tiéu chudn ACI 318 — 19, Eurocode 2, BS
8110 - 1997, dbng th&i so sanh v&i két qua thue nghiém di dugce cong bd. Sau d6, mo hinh phin t¢ hitu
han diing phin mé&m Cast3M dugc xay dung dé mo phéng ting xi choc thiing ctia loai san ndy. M6 hinh cho
thiy sv twong ddng v&i két qua thue nghiém vé cic phwong dién dudng cong luc — chuyén vi, lue — bién
dang va dang pha hoai mAu. Két qua chi ra ring, 16 m& gin cot 1am giam dang k& kha ning choc thing cta
san, khi dich chuyén vi tri 16 m& ra xa cot thi sitc khang choc thiing c6 thé ting 1én 15%. Ngoai ra, san c6 16
m& hinh tron c6 kha ning chiu choc thiing 1én hon khoang 10% so v&i san ¢6 16 mé hinh vudng va chit nhat
khi dién tich céc 16 mé& 1a twong duong.

KEYWORDS ABSTRACT

Numerical Reinforced concrete (RC) flat slabs are widely used in modern civi buildings due to their flexibility in

Flat slabs

architectural layout, rapid construction, and cost efficiency. However, these slabs are susceptible to sudden

Punching shear brittle failure, particularly when openings are located near columns or walls. This study evaluates the

Opening punching shear capacity of RC flat slabs with openings in accordance with ACI 318 - 19, Eurocode 2, and BS
8110 - 1997 and compares the calculated results with previously published experimental data. Subsequently,
a finite element (FE) model was developed in Cast3M to simulate the punching shear behavior of the slabs.
The model exhibited good agreement with experimental observations in terms of load—deflection curves,
load-strain relationships, and failure patterns. The results indicate that openings adjacent to the column
significantly reduce the slab’s punching shear strength, while moving the openings farther away can increase
the capacity by up to 15%. Moreover, slabs with circular openings demonstrated approximately 10% higher

punching capacity compared to those with square or rectangular openings of equivalent area.

1. Diatvan dé duge bb sung sau khi cong trinh da hoan thanh dé cai tao hoic ning

cAp hé théng ky thuat.

Trong nhitng nim gin ddy, san phing BTCT 1a giai phap két ciu
duoc st dung rong rii dé thay thé cho san BTCT truyén théng vi chiing
¢6 nhidu vu diém vwgt troi nhu ting chidu cao théng thiy cia ting,
giam chiéu cao va ting dién tich sit dung ctia céng trinh. Hon nita, do
qué trinh 18p dit van khudn va cbt thép don gian nén rit ngén thoi gian
thi cong, tit &6 gbp phan giam chi phi xay dung céng trinh.

Tuy nhién, thuc té trong qua trinh thi céng va st dung, viéc tao
cdc 16 mo trén san thudng khoé tranh khoi dé bd tri hé théng ki thuat
nhu thong gié, chiéu sang, diéu hoa khéng khi, cip thoat nudc, dién,
phong chay chita chdy... Céc 16 m& ky thuat nay thuong tap trung gan
cOt (va/ hoac vach) dé tbi vu hoa khong gian st dung (Hinh 1). Trong
mot s6 tredng hop, cac 16 ma kich thude 16n duge tao ra trén san nhim
dap ting cac yéu ciu v& mit kién tric nhv cac 16 m& dé 14y sang, thong

tAng hodc bd tri thang thoat hiém (Hinh 2). Tham chi, nhiéu 16 m& con
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Sy xuét hién ctia 16 md trén san lam giam dang k& kha nang chiu
luc ct, ddc biét 1a & viing lién két gitta sn va cot — noi tap trung Gng
suét 16n. L& mo 1am gidn doan tinh lién tuc clia ca bé téng va cbt thép,
do 6, @6 citng tdng thé va kha ning chiu choc thing ctia sin giam
manh, tdng nguy co pha hoai gion trén san. Pay 1a phé hoai dét ngot
v6i cac vét nit dang hinh nén hodc hinh chép phét trién & viing dAu
cot, c6 thé din dén pha hity toan bd clia cong trinh (Hinh 3).

Nhiéu nghién cttu thue nghiém x4c dinh @ng xit choc thiing ctia
san phing BTCT d dwoc tién hanh. Cac nghién citu nay tip trung vio
viéc phan tich anh hudng ctia cic théng sb nhu kich thude, vi tri, sb
lwong, hinh dang ctia cdc 16 mé dén kha ning chiu choc thing ctia san.
Nghién cttu ctia El-Shafiey va cong su [3] chi ra ring, 16 m& gan cot ¢
thé 1am giam 51 % luc choc thiing so v&i san khong c6 16 mo. Khi ting

khoang céch 16 mé dén cot tit 0 mm 1én 300 mm thi lyc choc thung ¢
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thé ting 1én 36 %. Ngoai ra, kha niing choc thing ctia san c6 156 mé hinh
tron cao hon 18,88 % so v&i san ¢6 16 m& hinh vudng c6 dién tich twong
dwong. Augustin va cong su [4] dd nghién cttu cac san phing BTCT ¢6
16 m& hinh chit nhat trong cdc miu san hinh bat gidc. Két qua cho thiy
d6 cling ctia san giam 68% khi 16 m& cach cot mot khoang d, va 73 %
khi 16 m& duoc dit & khoang cach 2d (d 1a chiéu cao c6 hiéu cta san).
Tuong ty, Susanto Teng va coéng sv [5] da nghién cttu ng x& choc
thling clia cdc san phing BTCT c6 c6t hinh chi nhat va 16 m& hinh chit
nhat. Nghién cttu chi ra ring cdc 16 m& gin cot 1am giam dang ké kha
ning chiu choc thing va cac 16 mé duge dit doc theo canh dai ctia cot
mang lai hiéu qua cao hon.

Ngoai cac nghién ciiu vé thuce nghiém, mot s6 nghién ctiu vé md
phong s6 bang phian mém phin ti hitu han (PTHH) nhu Ansys hoic
Abaqus ciing duoc tién hanh [6-8]. Cac nghién cttu mo phong chi ra sy
twong ddng cao véi két qua thurc nghiém vé cac phwong dién nhu dudng
cong luc — chuyén vi, dang ph4 hoai miu. Cic mé hinh sau khi kiém
chiing vé6i két qua thize nghiém c6 thé dugce sit dung dé khao sat tham sb,
gitip tiét kiém dang ké thoi gian va chi phi vi khong can phai thyc hién
trén cdc mau thic nghiém. Didu nay cho thiy tinh hiéu qua va db tin cay
ctia phiong phap PTHH trong viéc nghién citu két ciu nay.

Nhu d3 trinh bay trude d6, s pha hoai ctia san phing BTCT c6
16 m& 13 phé hoai gion. Do d6, két cAu nay cin phai ¢6 su tinh toén,
d4nh gia va kiém soét chat ché, dic biét 1a & vi tri lién két gitta cot va
san. Cac tiéu chuén thiét ké két cAu bé tong cdt thép nhur ACI 318 - 19
[9] ctia My, Eurocode 2 [10] cua Chau Au, BS8110 - 1997 [11] cua
Anh, va TCVN 5574:2018 [12] tai Viét Nam ciing da duva ra cac hudng
dn v2 tinh toan luc choc thing ctia san phing BTCT c6 16 m&. Tong
thé, céc tiéu chuén ddu thita nhan ring sy hién dién ctia 16 mé sé lam

giam dién tich chiu tai tai dau cét, dAn dén giam kha ning chiu choc

thiing. Tuy nhién, cdc yéu t6 nhu twong tac giita cac 16 mé, hinh dang

va sb lwong 16 mé van chiva digc xem xét trong cac tiéu chuén nay.

Hinh 1. L6 m& kj thuét tai khu viee gin cot.

PN

Hinh 2. L8 mé& 16n trong san.

(a) .
Cot goc = Cot bién
) /
Cot gitra <€ _>\\ )
‘ ) o " v~ choc thung \‘,

Pha hoai choc thing dang con 2
Hinh 3. Dang phé hoai choc thing trong san: (a) dang pha hoai dién hinh, (b) cdc giai doan pha hoai san & cot gitta [1],
(c) Phé hoai & cong trinh Piper’s Row Car Park, Wolverhampton, UK, 1997 [2].

Ha va cong sy [13] da thie hién nghién citu thie nghiém vé ting
xt choc thing ctia san phing bé téng cbt thép c6 16 md, nghién ctu so
sanh kha ning chiu Iic choc thiing clia cic maiu san theo thi nghiém
vGi két qua dy doédn theo céc tiéu chuin ACI 318-11 [14], CEB-FIP
Model Code 1990 [15] va fib Model Code 2010 [16]. Ké thita co s& di

liéu thye nghiém d6, nghién ctu nay tién hanh tinh toan stic khang

choc thing ctia san theo tiéu chudn ACI 318-19 (phién ban cap nhat clia
ACI 318-11), ddng thoi m& réng pham vi bing cich bd sung thém hai
tiéu chuén Eurocode 2 va BS 8110 — 1997 nhim dwa ra su so sanh toan
dién hon gitta cac tiéu chuén hién hanh. Bén canh d6, mé hinh phin ti?
hitu han bing phdn mém Cast3M ciing dugc xiy dyng dé mé phong

tng x1t choc thing cta san phing c6 16 ma, sau d6, nghién citu tham
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s6 dugc tién hanh d& xem xét anh hwdng ctia vi trf va hinh dang 16 m&
dén kha ning chiu choc thung. Céch tiép can két hop giita phan tich
theo tiéu chuén va mé phong s6 nay gitip hiéu 6 hon co ché chiu lyc
choc thiing, ddng thoi hd tro cong tac thiét ké va ti wu héa ciu tao clia

san phing bé tong cbt thép c6 16 mé.
2. Tinh toan luc choc thiing ctia san phing BTCT c6 16 m&

Trong phin nay, stc khang choc thiing ctia san BTCT c¢6 16 m&
dugec tinh toan theo céc tiéu chuén ACI 318-19 [9], Eurocode 2 [10] va
BS 8110-1997 [11]. Cac két qua nay dugc so sanh v&i két qua thuc
nghiém dvoc tién hanh béi Ha va cong su [13] dé danh gid do chinh

xéc va kha ning 4p dung ctia titng tiéu chudn thiét ké.
2.1. Tém tdt nghién citu thu'c nghiém thucc hién béi Ha va cong su

Ha va cong su [13] da tién hanh thi nghiém dé x4c dinh @ng x@
choc thiing cta san phing BTCT c¢6 16 mé. Tam mau thi nghiém déu 14
mAu san hinh vuong, kich thuée 2200x2200 mm, chidu day san 1a 200
mm (chiéu cao ¢é hiéu cua san 1a 180 mm). Cot kich thude 300x300
mm duge dit & chinh gitta ctia san. Sy khac biét gitta cic mau san la
s6 lwgng va cach b tri 16 mé trong san (minh hoa trong Hinh 4). Cac
16 m& trong san déu c6 dudong kinh 150 mm, déy 1a kich thudce 16 mé
t6i da dé 14p dit hé théng bng nwde va din dién theo quy dinh ctia Han
Qudc. Chi tiét vi trf cac 16 m& san dugc tém tit trong Bang 1.

Bé tong st dung trong mau thi nghiém c6 cudng dd chiu nén
trung binh 14 27 MPa. C6t thép 16p trén cla san st dung thép dudng
kinh 10 mm vé&i khoang cach cac thanh thép 1a 150 mm. C6t thép doc
16p duéi cta san st dung két hop céc thanh c6 dwdong kinh 16 mm va
19 mm, khoang céch giita cic thanh thép ciing 12 150 mm (ham lvgng
cbt thép bing 1,16 %). Cot thép cot st dung 4 thanh duwong kinh 19
mm, c6t thép dai trong c6t st dung duwdng kinh 10 mm v&i khoang cach
1a 80 mm.

Céc thiét bi do chuyén vi LVDTs ciing dugce st dung dé do do
vong & vi tri chinh gitta ctia san. Ngoai ra, thiét bi cam bién dién tré
(Strain Gauges — SG) dug'c gén vio cbt thép doc 16p duéi cta san dé do
bién dang ctia thép chiu luc ctia san trong qué trinh gia tai. Hinh 5 thé
hién viéc bd tri thép trong cic miu san thi nghiém va vi trf ctia cam
bién dé do bién dang trong c6t thép san.

Phén tiép theo ctia bai bao trinh bay céc cong thifc tinh toan dé xic
dinh I choc thiing 16n nhét ctia san phing BTCT ¢6 16 m& theo cac tiéu
chuén thiét ké khac nhau va so sanh cdc két qua dy doan theo céc tiéu
chuén véi két qua thue nghiém dugce tién hanh boi Ha va cong sy [13].

2.2. Tiéu chudn tinh todn

Lue choc thing t6i han ctia san phing BTCT ¢6 16 m& (khéng c6
cbt thép ngang) theo tiéu chudn ACI 318 - 19 [9] dugc xac dinh 1a gia
tri nhé nhét trong cac biéu thite sau:

V,y =017 (1 + %) Mo/fidb, (1)

Vez = 0,083 (2 +%%) A/fdb, (2)
Vo3 = 0,33A4/f.db, (3)

Trong do:

Ve1, Ve Ve3 12 gid tri stic khang choc thung danh dinh (kN), duoc
tinh toan theo ba cong thiic (1), (2) va (3).

B -ty sb gitta canh dai va canh ngin cta c6t hodic viing chiu tai
trong.

d - chidu cao ¢6 hiéu ctia san.

A —hé s6 xét dén anh hudng cua trong lwgng thé tich ctia bé tong
dén stc khang cit. 2 = 1,0d6i v6i bé tong thudng, dbi véi bé téng nhe,
A dugc 14y theo didu 19.2.4 trong tiéu chuén ACI 318 — 19 nhung khong
vuot qua 0,85.

A, — hé sb didu chinh stc khang choc thiing, duoc xac dinh theo

2
AS = mﬁ 1,0 (4)

f.” - cudng d6 chiu nén caa bé tong.

cong thic:

b, — chu vi chiu lyc ctia san tai khu vue diu cét, duoc xac dinh
ti mép cdt ra mot khoang d/2.

a, — hé sb, ¢6 gia tri bing 40 d6i vGi cot gitta, 30 dbi véi cot bién
va 20 dbi véi cot géc.

Kha nang chiu choc thing ctia san phing BTCT khéng c¢6 cbt thép
chiu cét theo tiéu chudn Eurocode 2 (EN 1992-1-1:2004) [10], dugc xac
dinh theo cong thic:

V = Crack(100p,£,)/3db, (5)

Trong dé:

fu — cudng d chiu nén dic tring ctia mAu hinh tru (MPa).

d - chidu cao ¢6 hiéu ctia san.

k - hé sb, x4c dinh theo cong thic:

1/2
’ k:1+(?’) <2 (6)

Cra,- hé sO cwong dd chiu cat cta bé téng, duwgce x4c dinh theo

cong thic:

0,18
Crac =

Ye )

Y. - hé s0 an toan cuc b ctia bé tdng, & trang théi gidi han st
dung dugce quy dinh trong phu luc Qudc gia. Gia tri kién nghi trong
truong hop khong 6 trong quy dinh Quéc gia 12 bing 1,0.

Ty 1é ¢t thép doc chiu kéo dugc x4c dinh theo cong thitc:

pr=\[pPyp; < 0,02 (8)

b, - chu vi chiu luc cia san tai khu vie diu cot, duoc xac dinh
bing khoang cach tit mép cot ra mot doan 2d, sao cho chiéu dai cua
dwong chu vi nay 14 nho nhét.

Theo tiéu chuin BS 8110 - 1997 [11], luc choc thung cyc han
clia san phing BTCT khéng ¢6 cbt thép chiu cit duge xac dinh theo
cong thic:

(-2 (2 @) o

Ym \ bd a 25
Trong dé:
:—; 12 ham lwong cbt thép chiu udn, gia tri cia ham lwgng nay
khéng 16n hon 3.

400

- 12 hé sb ké dén vi tri ctia cot, (gi tri khong viegt qua 1.0).
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feu 12 cwong d chiu nén dic trung cta bé tong, gié tri khéng 16n
hon 40 MPa.

¥in 12 hé s6, gia tri v, = 1,25

b, — chu vi c6 hiéu dé tinh toan lyc choc thing xung quanh cdt,
duoc xac dinh bing khoang cach tit cot ra mot khoang 1,5d.

Két qua tinh toan lyc choc thiing ctia mAu san theo céc tiéu chuén
dugc tém tit trong Bang 2. K&t qua cho thiy, luc choc thing tinh todn
theo cdc tiéu chuén c6 gia tri twong dbi gn v&i két qua thie nghiém
v&i gia tri trung binh 14 0,9988; 1,005 va 1,16 twong Gng vdi %’ Prest

3
Act Pecz
Ptes

PES‘. Céc gia tri nay cho thiy cic tiéu chuan ké trén c6 kha ning dy
doan Iytc choc thing ctia san phing BTCT c6 16 m& gin bing v&i két
qua thuc nghiém. Ngoai ra, két qua luc choc thing tinh toan theo tiéu
chuén Eurocode 2 va BS 8110 — 1997 cho két qua thip hon so v&i gid
tri thye nghiém, didu niy c6 nghia 12 hai tiéu chudn nay dang thién vé

hwéng an toan cho thiét ké.

3. M5 hinh mé phéng sb
3.1. Xdy dung mé hinh

Phan mém PTHH Cast3M [17] dugc st dung d& mo phong cic
san thi nghiém. Trong nghién cttu nay, hai miu san bao gdm san dbi
chiing (CO) va san mét 16 mé (H1) dige mé phong @é kidm ching véi
két qua thi nghiém.

Céc phin tir bé tong san va cot duge miéu ta bing phin ti luc
dién 8 nit (CUB8) mdi niit c6 ba bac tu do 1a ba chuyén vi théng theo
ba phutong Ux, Uy va Uz. Bé dam bao didu kién héi tu va thoi gian chay
md hinh, kich thuée phin ti dwgc lwa chon 14 25 mm. Phén tit thanh
2 nit tuyén tinh (SEG2) dwoc st dung dé mé ta cho cac phin ti cbt
thép, mdi nit ciing c6 ba bac tw do 14 ba chuyén vi théng theo ba
phuong Ux, Uy va Uz. Dinh bam giita bé tong va cbt thép duoc gia thiét
12 dinh bam tuyét d6i.

Hinh 6 m6 ta cac phan ti trong mé hinh mo phong ctia san H1.
Lién két khép dugce sit dung dé khai bdo céc gbi twa trong mé hinh,
twong tng v6i didu kién gbi twa trong thi nghiém thuc té. Gbi trai ctia
san dugc khéng ché hai bac ty do Uy va Uz, gbi phai ctia san khéng ché
béc tv do Uz. Gbi dudi duge rang budc hai bac tv do Uy va Uz trong
khi gbi trén cb dinh béc tv do Uz.

M6 hinh hu hai Mazars [18] dugc st dung dé khai bo tng x(t
ctia vat liéu bé tong san va cdt. Mo hinh nay cho phép mé ta ing ting
phtic tap cua vét liéu bé téng nhuv &ng chiu nén mot, hai va ba truc
théng qua dai lwgng hu hai ¢ hiéu D. Pai lugng D nay cho phép miéu
ta sy suy giam d cting ctia mAu. & trang thai mAu bi nit, dai lwvgng
ndy cho phép miéu ta sy phat trién ctia vét nitt ddng thoi tranh cho céc
vét nitt bi xam nhép vao nhau (unilateral contact). Ngoai ra, cac loai tai
trong khac nhau: tai trong dong, tai trong tinh, tai trong 1dp cling dugc
mé hinh mé phong twong dbi chinh xéc.

Ung xtt ctia ¢t thép duge miéu ta don gian héa bing mé hinh
dan déo 1y twong v6i hai théng sb vé vat lidu 1a gii han chay ctia thép
f,» m6 dun dan hdi ctia cbt thép E, (Hinh 7).

3.2. Két qud mé phong
3.2.1. Puong cong lc — chuyén v

Db thi bidu dién quan hé Iyc — chuyén vi tai vi tri giita san (bén
duwéi cot) thu duge tit mé hinh mé phong (FEM) va két qua thuic nghiém
(EXP) dugc trinh bay trong Hinh 8. Két qua cho thiy sy twong dong
gitta két qua mo phong va thic nghiém ctia ca miu ddi chitng (CO) va
mét 16 mé (H1). Pudng cong ciing thé hién dugc sy thay ddi do cting
ctia miu sau khi nit xuit hién. Bén canh d6, Bang 3 trinh bay gi4 tri
16n nhét ctia Ive choc thiing san tai thdi diém san bi phé hoai, gia tri
lue choc thiing 16n nhit nay khéng c6 su khac biét 16n so v&i két qua
thitc nghiém, v&i sai s chi 1a 2,95 %.

3.2.2. Dang phd hoai mdu

Dang pha hoai mau ctia sin mo6 phong va thue nghiém duge miéu
ta trong Hinh 9. V&t ntit trong m6 hinh mé phong khé tuong dong véi
két qua thic nghiém vé&i cdc vét nit phat trién tit cot vé phia bén géc
san (vét nit xuyén tim — radial cracks). Ngoai ra, mot sé vét niit ngang
ciing xut hién. Hién twong nay c6 thé 1y giai 12 do sy thay dbi co ché

truyén tai trong ctia san tif san hai phwong vé mét phuong.
3.2.3. Quan hé hic — bién dang thép

Pudng cong quan hé lic — bién dang trong c¢bt thép chiu luc ciia
san thu duoc tit thiét bi cam bién dién trd (SG) clia mau san dbi chitng
CO dugc thé hién trong Hinh 10. Két qua cho thdy, duwong cong thu
dugc tit thi nghiém chia 1am hai giai doan: (1) giai doan bién dang nho,
twong ng v6i trang thai san chwa bi ntt va (2) giai doan bién dang
ting nhanh dén gia tri cwc dai sau khi vét nit xuit hién. Nguoc lai, két
qua thu dwgc tit mé hinh mé phéng cho thiy su ting bién dang trong
thép gan nhu 13 tuyén tinh, mic dit ¢6 thé thiy sy thay d6i nho vé do
débc tai thoi diém bé tong san bi nitt. Diu nay c6 thé giai thich 1a do
gia thiét dinh bam tuyét dbi gitta bé téng va cbt thép trong mé hinh mé
phéng. Tuy nhién, két qua thuc nghiém va mé phong sé van cho thiy
st phit hop vé& bién dang cuc dai clia thép san.

Ngoai ra, bién dang cua thép do duogc tai thoi diém san bi pha
hoai 12 2,5x1073, van thdp hon mot chit so véi gia tri bién dang chay
ctia thép (2,51x10%), didu nay cang khing dinh ring dang pha hoai ctia
san thi nghiém 12 do cét (choc thiing) cht khéng phai pha hoai do uén.

3.3. Khdo sdt tham sb

M6 hinh mé phong & trén cho thiy sy twong ddng véi két qua
thirc nghiém v& dwdng cong lvc — chuyén vi, dang pha hoai miu, dwdng
cong luc — bién dang. Trén co s& d6, khao sat tham sé bing mé hinh
PTHH dugec tién hanh nhim xem xét anh hwéng ctia vi tri 16 mé, hinh

dang 16 m& dén ttng x1t choc thiing ctia san.
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3.3.1. Anh hiténg cia vi tri 16 mé

Phan nay xem xét anh hudng ctia vi trf 16 mé dén kha ning choc
thiing ctia san phing BTCT ¢6 16 mé. Khoang céch ctia 16 m& dén mép
ot trong san H1 (16 m& cdch mép cot 75mm) thay dbi vé 0 mm (miu
H1-0) va 150 mm (miu H1-150). Céc thong sb v& hinh hoc, vat liéu,
ham Iwgng cbt thép... duge giit nguyén. Hinh 11 thé hién dudng cong
Iie — chuyén vi cia san ¢6 cac khoang céc tit 16 mé dén mép cot khac
nhau. Quan sat thiy ring, su suy giam dé cting cta san sau khi nitt 1a
o rét & miu H1-0, trong khi dd citng ctia miu H1 va H1-150 1a cao
hon. Khi tang khoang cach 16 m& tit mép cot tit Omm 1én 75 mm va 150
mm thi gi4 tri lc choc thiing 16n nhét ctia sin ciing ting 1én 13 % va
15 %, trong itng ting tit 509,38 kN d6i v&i san H1-0 thanh 545,62 kN
(miu H1) va 574,9 kN (m4u H1-150).

Dang pha hoai clia miu H1-0 va H1-150 dugc thé hién trong
Hinh 12. béi v&i miu H1-0, cac vét nitt xudt hién xung quanh viing cot
va 15 m&, cho thiy tng suét tap trung cuc bd déng ké & vi tri nay. Bén
canh d6, mot sb vét nit xién tit cot ra mép san, cho thiy day 1a dang

phé hoai choc thiing. & mAu H1-150, do 16 m& ndm xa ¢t nén ¥ng sut

Bang 1. Thong sb clia miu san thi nghiém [13].

phan bd d&u hon, nén mat d6 vét nit & g?in cot 1a it hon. Tuy nhién, co

ché pha hoai ctia miu nay van 13 phé hoai do choc thing.
3.3.2. Anh huténg ctia hinh dang 16 mé

Muc tiéu cta phin nay 14 nghién cifu anh hwéng ctia hinh dang
16 m& dén ing xit choc thing ciia san phing BTCT c6 16 m&. L8 m& ¢6
dang hinh vudng 130x130 mm (mAu H1-130x130) va hinh chit nhat
100x175 mm (miu H1-100x175) dugce lwa chon dwa trén co s& dién
tich ctia 2 16 mé nay twong dwong véi dién tich 16 mé hinh tron dudng
kinh 150 mm (mAu H1), c4c théng s6 khac ctia san duge gitt nguyén.
Hinh 13 thé hién anh hwéng ctia hinh dang 16 mé dén kha ning choc
thung ctia san. C6 thé thdy ring, hinh dang 16 m¢ it anh huéng dén do
citng tdng thé cta san. Tuy nhién, viéc thay dbi hinh dang 16 m& tit
hinh tron sang hinh vuéng va hinh chi nhat (dién tich twong duong)
thi kha niing choc thiing ctia san giam tit 545,62 kN xudng con 496,53
kN va 497,29 kN, twong tng véi mite giam 1an lwgt 12 9,88 % va 9,72
%. Dang pha hoai mAu san c6 16 m& hinh vuéng va chit nhat dugce thé
hién trong Hinh 14, ca hai miu d&u c6 co ché pha hoai choc thiing, v&i

cac vét niit tip trung nhiéu & viing cot.

San x (mm) x’ (mm) y (mm) y’ (mm) Ghi chi

CcO - - - - MAu san dbi chitng (san khong c6 16 mo)
H1 150 - 0 - Mbt 16 m& theo phuong ngang

H2 150 - 112,5 - Hai 16 m& theo phirong ngang

H3 150 - 0 225 Ba 16 m& theo phuong ngang

V2 150 225 0 - Hai 16 m& theo phuong ditng

V3 150 225 0 - Ba 16 m& theo phuong ditng

L3 150 225 112,5 225 Ba 16 m& bé tri & 2 mit va géc cot

HV4 150 225 112,5 - Bén 16 m& bb tri theo ca hai phirong doc va ngang
Ghi chil:

X, X’, ¥, ¥’ bidu thi toa d6 tém ctia cdc 16 mé so véi mdt cot (mm)

Tdt cd cdc 16 mé c6 kich thuée 150 mm.

2200 mm

»
200, mm
A}

a)
Hinh 4. Ciu tao mau thi nghiém: (a) Kich thuéc miu san thi nghiém (b) Vi tri 16 mé& trong cac miu thi nghiém [13].

(@] H1 H2 H3
B PR [ SIS . - S & — T
O oio 000
V2 V3 L3 HV4
t = Hlo £
[6) O Do (oY)
o) Q (a1}
o
b)
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§
] &

D16a150

4-D19

1
! E
:
18
2200
D10a150 (Thép Iop trén)
D13a150

8
g
I =
D10a150 (Thép |&p frén) g
1 _ 8
gl i
| _ Disatso | D19a150 _ . DiBaiso | (Théplépduti)
Hinh 5. Bé tri thép trong céc mau thi nghiém [13].
Bang 2. So sanh luc choc thung giita két qua thue nghiém va theo céc tiéu chudn.
, Ty 1é luc choc thung thyc nghiém va
Luc choc thung (kN) L 2
x . a theo céc tiéu chuan
Mau thi nghiém
Thifc nghiém ACI 318-19 Eurocode 2 BS 8110-1997 Prest Prest Prest
Piest Pucr Pgco Pgg Pyct Pecy Pgs
Co 590,2 598,60 558,21 503,10 0,99 1,06 1,17
H1 550,2 559,94 544,52 470,61 1,05 1,01 1,17
H2 517,3 515,98 500,27 433,47 1,00 1,03 1,19
H3 452,9 464,54 466,22 390,20 0,97 0,97 1,16
V2 556,9 559,94 544,52 470,61 0,99 1,02 1,18
V3 546,5 559,94 544,52 470,61 0,98 1,00 1,16
L3 418,2 423,38 472,35 403,08 0,99 0,89 1,04
HV4 517,9 507,87 488,01 426,89 1,02 1,06 1,21
Trung binh 0,9988 1,005 1,16
Do léch chuin 0,025 0,055 0,054
Ung suét k
fY
Es
Bién dang
: &y
Goi duoi
Hinh 6. Cic phin ti trong m6 hinh mé phong. Hinh 7. Ung xit dan déo 1y tuwdng cho cbt thép.
Bang 3. So sanh két qua luc choc thiing ctia san thi nghiém va mé phéng.
s Luc choc thung san P, (kN)
an -
Thi nghiém (EXP) Mo phong (FEM) Sai s0 (%)
CO 584,02 601,26 2,95 %
H1 549,02 545,62 0,62 %
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700

600

500

E 400

£.300
. |

200
100

0 2 4 6 g 10 12 14 16
Chuyén vi, mm

Hinh 8. So s4nh lyic — chuyén vi clia san mé phong véi két qua thie nghiém.

20-300.%
20-300.€
20-300,5
20-300, 1

0.0

a) CO

b) H1

Hinh 9. Dang ph4 hoai mAu ctia san thi nghiém va mé phong sb.

s C0_FEM

=== CO_EXP

0,0 0,5 1.0 L5 2,0 2,5 3,0

. 6 8
Bien dang (x107%) Chuyén vi, mm
Hinh 10. Quan hé lyc - bién dang trong thép ctia miu san CO. Hinh 11. Pudng cong lyc — chuyén vi ctia sin v&i céc khoang

cach tit 16 m& dén mép cot khac nhau.
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SCAL SCAL
2,44E-03 2.99€-03
>=5,05E-03 -3,73E~03
. 00E-04 | 2.00E-04
. 90E-04 1.90E-04
+BOE-04 1.80E-04
.70E-04 1.70E-04
.60E-04 1.60E-04
1.50E-04
1,40E-04
1,30E-04
1.20E-04
1.10E-04
§ 1.006-0a
9,00E-05
8.00E-05
7.00E-05
| 6.00E-05
I 5.00e-05
4.00E-08
3,00E-05
2,00E-05
1.00E-05
0.0
a) H1-0 b) H1-150
Hinh 12. Dang pha hoai ctia mau H1-0 va H1-150.
600
S e e
400
300
=3
=
200
100 HI-100x175
=t H1-130x130
0 ¢
0 2 4 6 28 10 12 14 16
Chuyen vi, mm
2 A A . 3 N 2y 2 s x 3 z
Hinh 13. Quan hé lvuc - chuyén vi ctia san v&i cac hinh dang 16 m& khéc nhau.
SCAL SCAL
< 3,87E-03 3.38E-03
>-2,24E-03 >-3,20E-03
2,00E-04 2.00E-04
1.90E-04 1,90E-04
1.80E-04 1.80E-04
1.70E-04 1.70E-04
1.60E-04 1.60E-04
1.50E-04 1,50E-04
1,40E-04 1,40E-04
1,30E-04 1,30E-04
1,20E-04 1.20E-04
1,10E-04 § 1.10E-04
| 1 00e-0a § 1.00e-04
9.00E-05 9.00E-05
8.00E-05 8.00E-05
7,00E-05 7.00E-05
6,00E-05 6.00E-05
5,00E-05 | 5. 00E-05
4,00E-05 4,00E-05
3,00E-05 3.00E-05
2,00E-05 2.00E-05
1. 00E-08 1.00E-05
0.0 0.0

a) H1-130x130

4. Kétluan va kién nghi

Bai bao trinh bay nghién ctu ¢ing x chiu choc thing ctia san
phéng BTCT c6 16 mé thong qua viéc tinh toan theo céc tiéu chuin, so
sanh v&i két qua thuc nghiém va mé phong bing phin mém PTHH
Cast3M. Mot sb két luan dugec rit ra nhu sau:

b) H1-100x170
Hinh 14. Dang ph4 hoai cia miu san H1-130x130 va H1-100x170.

o Két qua tinh toan theo céc tiéu chuén ACI 318 — 19, Eurocode
2va BS 8110 — 1997 cho théy s phit hop v&i két qua thie nghiém. Khi
so sanh véi két qua thye nghiém, tiéu chuén BS 8110 - 1997 cho két
qua gin nhét, thé hién kha ning dy doan hop 1y cta tiéu chuén, trong
Kkhi tiéu chuén ACI 318 - 19 va Eurocode 2 cho gid tri nho hon, thé hién

xu hueéng thién v& an toan.

JOMC | 34



Tap chi Vat liéu & Xdy dung Tdp 15 $6 06 ndm 2025

e MO0 hinh PTHH s dung md hinh hw hai Mazars trong Cast3M
cho thiy sy twong ddng véi két qua thi nghiém vé duwong cong luc —
chuyén vi, dang phé hoai, dwdng cong luc - bién dang. Chénh léch gi4 tri
I choc thiing 16n nhét giita mé phong va thire nghiém chi 13 2,95 %.

e Vi trf ctia 16 m& anh huéng 16 rét dén kha ning chiu choc
thiing ctia san. Khi 16 mé& dat sat cot, sic khang choc thiing gidm déng
ké, nguoc lai, khi di chuyén 16 mé ra xa c6t 150 mm, kha ning chiu I
tang 1én 15 %.

e Hinh dang 16 m& ciing anh hwéng dén @ng x@ choc thung ctia
san: khi thay d6i 16 m& hinh tron hay hinh vuéng hodc chi@ nhéat cé dién
tich twong duong thi lyc choc thiing giam khoang 10 %.

L&i cam on

Nghién ctu nay dugec tai trg b&i Treong Pai hoc Giao théng van
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