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Abstract: In the field of reinforced concrete structures, accurately determining
and assessing the shear resistance of reinforced concrete concrete members
without stirrups remains a challenge for both researchers and practicing
engineers. Although numerous calculation models have been proposed, a
comprehensive solution to this problem has yet to be established. In particular,
for multilayer reinforced concrete members without stirrups, no calculation
model has been developed so far. This paper proposes a new theory for the
shear strength of non-stirrups reinforced concrete members. The key
distinction of this study is that the proposed model is entirely based on
mechanical principles, without relying on empirical parameters. This approach
allows for broader applicability to various shear-resistant structural members,
including multilayer concrete members.

Keywords: shear strength, mechanical model, reinforced concrete.

JSTT 2025, 5 (1), 77-87

Published online: 14/03/2025


https://jstt.vn/index.php/vn
https://doi.org/10.58845/jstt.utt.2025.vn.5.1.77-87
https://doi.org/10.58845/jstt.utt.2025.vn.5.1.77-87
mailto:linh.tn@vgu.edu.vn

Tap chi Khoa hoc va Coéng nghé Giao théng Tap 5 S6 1, 77-87

Tap chi dién tk

Khoa hoc va Céng nghé Giao thdng
Trang website: https://istt.vn/index.php/vn

Théng tin bai viét
Dang bai viét:
Bai bao nghién ctru

DOI:
https://doi.org/10.58845/jstt.utt.2

Stre khang cat cta cau kién bé téng cot thép

nhiéu I&p khéng co6t dai
Tran Ngoc Linh’
Khoa Ky thuat, Trwong Dai hoc Viét Bic, Binh Duong, Viét Nam

025.vn.5.1.77-87

"Tac gia lién hé:
Pia chi Email:
linh.tn@vqu.edu.vn

Ngay nop bai: 19/01/2025
Ngay nop bai stra: 16/02/2025
Ngay chap nhan: 11/03/2025

Toém tat: Trong linh vuwc két cu bé tong cbt thép, viéc tinh toan va danh gia
chinh xac strc khang cat ctia cau kién bé téng khong cbt dai ludn [a mét thach
thirc dbi v&i nha nghién clru va ky sw thwe hanh. Mac du da c6 nhiéu mé hinh
tinh dwoc dé xuat nhwng van chua cé |&i gidi tron ven cho bai toan nay. Pac
biét, d6i vdi cAu kién bé téng cbt thép nhiéu Iép khéng cbt dai thi hién chwa cé
md hinh tinh toan nao dwoc dwa ra. Bai bao nay gidi thiéu moét ly thuyét mai
vé strc khang céat cho ciu kién bé téng cbt thép khong cét dai. Diém ndi bat
cta ly thuyét nay la mé hinh tinh toan di kém hoan toan dwa trén cac nguyén
ly co hoc, khéng st dung tham sb kinh nghiém, cho phép ap dung trong nhiéu
trwdng hop cau kién chiu cat, bao gébm ca cau kién bé téng nhiéu I&p.

T khéa: strc khang cat, mé hinh co hoc, bé téng cbt thép.

1. Gi&i thiéu

Tinh toan strc khang cét 1a mét phan quan
trong trong thiét ké két ciu bé téng cbt thép. Néu
strc khang cat bj danh gia sai, ciu kién cé thé bi
pha hoai gion, khéong cé dau hiéu canh bao trwérc,
dan dén nguy co sup db nghiém trong. Diéu nay la
d&c tinh dién hinh cta cu kién khong cét dai. Ngay
khi phat minh ra két cdu bé tdong cbt thép thi bai
toan chiu uén cla cau kién bé téng cbt thép da co
|&i gidi rd rang va don gian, dua trén gia thiét mat
cat phang (gia thuyét Bernoulli) [1]. Nguwoc lai, du
da trai qua hon 150 nam thi bai toan chju cat, dac
biét v&i cAu kién bé tong cbt thép khong cét dai,
van chwa cd 16i giai thuyét phuc. Ly do nam & mirc
dd phuire tap cao cia (ng x&r bé tdng khi chiu cét
cling nhw sy kho khan trong viéc danh gia, mé ta
cac tham sb anh hwéng vén cé sw twong tac qua
lai v&i nhau. Phan I&n cac md hinh tinh dwa vao
gid dinh vé mot dac tinh chi dao nao dé cua két
clu, vi du mé hinh dwa vao strc khang cat tao bdi
ma sat gilra cac hat cbt liéu tai vét nit xién [2],
nang lwong pha hiy [3], theo vi tri (’ng suét tiép Ion

nhét tai truc trung hoa [4], trong ving bé téng chiu
nén [5] hay trong vung bé tong chiu kéo [6], hoac
dwa vao bién dang nit trung binh cla bé tédng cbt
thép [7]. Ngoai tiép can theo mé hinh giai tich thi
mo hinh sé ciing cé nhiéu ly thuyét vé mé hinh vat
liéu va cach méd ta rng x& chiu cét tai ving nit
dwoc dé xuét [8].

Sy kho khan trong viéc xdy dwng md hinh
tinh toan strc khang cat cho cau kién bé téng cot
thép khong cét dai cé thé dworc minh hoa théng qua
nhirtng cdng thirc tinh trong cac tiéu chuén tinh
toan thiét ké, vi du tiéu chuan chau Au cho két cau
bé téng [9] nhw dwéi day. D& nhan thay trong cong
thirc nay, tat ca cac hé sb déu la cac hé sbé thuc
nghiém, phu thuéc hoan toan vao dir liéu thi
nghiém va gan nhu khéng thé hién tinh chét co hoc
nao ca.

Vig = [ka(mopsfck )+ 0.12cscp]bd (1)

Mac du ngay cang nhiéu mé hinh tinh toan
strc khang cét co thién huéng dwa vao nén tang
co hoc nhwng trong qua trinh xay dwng, cac moé
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hinh tinh hién nay van con nhiéu tham sé kinh
nghiém. Diéu nay lam cho I&i gidi khéng mang tinh
tbng quat. Cac cdng thirc tinh thuwéng chi phu hop
v@i mét nhom dir liéu thi nghiém hoac mét loai bé
téng cu thé va khéng thé ap dung rong rai cho moi
trwong hop.

Sw phat trién cla cac cbng cu do dac hién
dai dang giup quan sat rd hon qua trinh hinh thanh
va phat trién vét nirt tai thoi diém pha hoai [10]. Tuy
nhién, du c6 nhiéu tién bd trong thwc nghiém, van
dé cbt 16 van chwa dwoc gidi quyét triét dé do trong
phan tich két cAu van con thiéu mét 1oi gidi day da
vé co ché khang cat.

Nhiéu tiéu chuan thiét k& hién nay van dwa
vao cac codng thirc kinh nghiém dé& xac dinh strc
khang cét ctia két ciu bé téng khéng cbt dai [9, 11].
Nhirng cong thirc nay, du da dwoc kiém chirng qua
thwe nghiém, van tdn tai nhiéu han ché va khéng
thé phan anh toan dién cac yéu té anh huwéng dén
kha nang chiu cat. Cudc thi dw doan strc khang cat
dwoc td chirc tai Toronto nam 2015 da cho thay co6
nhiéu sai sb tinh toan tlr cac mé hinh tinh bao gém
ca cac mé hinh sb [12] v&i mirc chénh léch hang
tram %. Do do, viéc tiép tuc nghién clru va phat
trién cac mo hinh tinh toan chinh xac hon 1a mot
yéu cau cép thiét d& nang cao do an toan va hiéu
qua trong thiét ké két cAu.

Ngoai cach tiép can theo huéng co hoc thi
hién nay ngay cang nhiéu nghién ciru theo hwéng
hoc may dwoc thyc hién [13, 14]. Cach tiép can
nay thwe chét 1a mot phwong phap héi quy dwa vao
co s& dir lieu. Do moé hinh dwgc tao ra phu thudc
hoan toan vao co s& d¥ liéu nén mo hinh chi cé
khd nang dw doan cho ciu kién c6 cac tham sb
nam trong pham vi di¥ liéu. Do cac cAu kién bé tong
cbt thép chiu lwc & cong trinh thue té Ién hon nhiéu
so v&i cac mau thi nghiém nén kha nang (rng dung
mo hinh hoc may cho két ciu I&n 1a khéng kha thi.
Tuy cach tiép can nay khéng thé dwa ra I&i giai
twdng minh dé cé thé ng dung trong tiéu chuan
tinh toan thiét ké nhwng trong pham vi di liéu dwoc
cung cép, md hinh hoc may ciing thé hién tiém
nang nhét dinh trong viéc phan tich cac tham sb
anh hwéng dén ng x& chiu cat ctia ciu kién bé

Tran

tong cb6t thép. Mot md hinh hoc may tbt cé thé la
co s6 tham khao cho viéc danh gia lai cac mé hinh
dw trén nén tang co hoc, vi du nghién clru méi nhat
vé viéc tdi wu cac mo hinh hoc may dwoc trinh bay
& [15] trong d6 cb so sanh dd chinh xac dy doan
v&i cac mo hinh ban co hoc [16, 17] cling nhw md
hinh co hoc [18].

Déi v&i cu kién bé tong nhiéu 16p, vi du ciu
kién thi cong theo nhiéu giai doan, thi kha nang
chiu c4t thadng dirng phu thudc vao dac tinh co hoc
cla trng 1&p bé téng. Loat thi nghiém véi dam bé
téng nhiéu I&p dwoc thwe hién béi Kim va nnk [19]
cho thay déac tinh bé tdng va bé day cac 1&p bé tong
c6 anh hwéng nhéat dinh dén sirc khang cét ctia cau
kién lién hop. Ngoai strc khang cét theo phwong
dirng thi strc khang céat theo phwong ngang, déc
biét & phan tiép giap gira cac 1&p bé téng, cling
duwoc quan tdm théng qua cac nghién ctru thyc
nghiém Ian ly thuyét [20, 21]. Tuy nhién, hién van
chwa c6 mé hinh tinh ndo danh cho strc khang cat
theo phwong thang dirng dbi véi cu kién lién hop
dwoc dé xuét.

Bai bao nay gi¢i thiéu mét mé hinh co hoc
nham danh gia strc khang cét ctia cau kién bé téng
nhiéu 1&p khong cét dai cé6 dd manh khang cat M /
(V-d) > 2.5. M6 hinh dwoc phat trién dwa trén sw
mé& réng ctia moé hinh co hoc mSM [18] véi nén
tang ly thuyét da duwoc trinh bay trong cac nghién
clru [22-24]. PO chinh xac clia mdé hinh mSM da
dwoc kiém chirng théng qua mot co s& di liéu thi
nghiém phong phu vé stvc khang cét clia ciu kién
bé tong cbt thép bao gbm ca bé téng cbt liéu nhe
va bé tébng geopolymer [25]. Ngoai ra, mdé hinh
mSM da dwgc mé& rédng thanh céng cho trwong
hop clu kién bé tdng cbt thép chiu tai trong mai
[26]. Ly thuyét c6 thé ap dung cho ca bé téng cbt
soi, hodc cau kién chiu lwc doc [24]. Tuy nhién, &
day chi trinh bay phan mé rong cho céu kién bé
téng nhiéu 1&p khong cbt dai.

2. M6 hinh co hoc mSM
2.1. Gi®i thiéu

CAu kién bé téng cbt thép thwong trai qua 3
giai doan trong mét qua trinh gia tai, xem Hinh 1:
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Giai doan 1: cAu kién chwa bi nit, rng suét
tiép phan bd theo dwdng cong parabol véi gia tri
I&n nhét tai vi tri truc trung hoa.

Giai doan 2: céu kién bi nirt (vét nivt d3u tién
twong ng v&i diém A) va ng suét tiép chuyén
dich vé& viing bé tong chiu nén. 'ng suét tiép 16n
nhat van & vj tri truc trung hoa. Giai doan nay két
thac khi vét nirt cat bat dau vwot qua truc trung hoa
(diém B) va di vao viing bé téng chiu nén. Sw lién
tuc gitra ving kéo va ving nén bj pha v& va cau
kién co thé bi pha hoai dot ngdt do mét dn dinh.

Giai doan 3: két cAu lam viéc khong 6n dinh
véi so d6 chuyén ddi lién tuc. V&t niet cat tiép tuc
di sau vao vung bé tdng chiu nén. Dén mot thoi
diém nao dé khi két ciu khong thé gitr dwoc can
bang, né sé bi pha hoai (diém C). Wng xt trong giai
doan 3 c6 tinh ngau nhién cao. Do d4, diém C trong
Hinh 1 c6 thé & cao hon hodc thp hon diém B.

Khac véi nhiéu cach tiép can hién co, ly
thuyét dwoc trinh bay & day dwa vao gia dinh rang
pha hoai cat clia cAu kién bé tong cét thép khong
cbt dai dwoc quyét dinh béi vét nirt cét xay ra tai vi
tri truc trung hoa ctia méat cat nit, twong (rng voi
diém B & dwong cong tai trong va chuyén vi cua
dam bé téng cbt thép khi chiu tai, xem Hinh 1.

F

Stage 1 Stage 2 Stage 3

- - *
}(‘H ”””””””””””””””””””””””””””””””””””””” C
F | T T S B
\- ,,,,,,,,,, B

'%' z. ) | unstable region
9 |V . | T
A critical shear crack
—
F A

- first flexural crack

Displacement J
Hinh 1. Buéng cong tai trong — chuyén vi cta
dam bé téng cbt thép véi pha hoai cat [18]
Strc khang cét cta cau kién phu thudc vao
(rng suét tiép trong ving bé téng chiu nén va chiu
kéo & trang thai gi¢i han. Céng thirc tbng quat
dwoc biéu dién nhw dwdi day, véi cac tham sb
dwoc gidi thich & phan Ky hiéu nam cudi bai bao.
V, =bd fct,ef-w-kx+%(1—kx) (2)

cr

Tran

V&i ciu kién chiu tai trong tap trung, vét nirt
cat nguy hiém xuat hién & vi tri cach diém dat tai
mot khodng cach xap xi bang chiéu cao chiju cat d
clia mat cat. Truéng hop cau kién chiu tai trong
phan bd, vi tri vét nirt cat nguy hiém phu thudc vao
ca do Ion cla tai trong. Do dd, né can xac dinh
théng qua tinh lap.

So v&i cac mé hinh tinh c&t khac thi mé hinh
mSM dwoc trinh bay & day dwoc viét duwdi dang
twdng minh hoan toan dwa trén cac nguyén ly co
hoc. Bé téng dwoc mé ta véi day da 5 tham sb co
hoc d&c trung gdm: cwong do chiu nén f., cwdng
dd chiu kéo fe, md dun dan héi E., nang lwong pha
hdy Gr va cudi cung 1a hé sé Poat-xéng v. Nho
cach biéu di&n tdng quat nay ma md hinh cé kha
nang tinh toan cho vat liéu co tinh gion tdng quat
(gdm bé téng, gach, da, kinh...) ma khéng can bd
sung thém cac hé sb diéu chinh nao.

DPéi voi cAu kién bé téng cbt thép st dung
nhiéu I&p vat liéu bé tdng khac nhau, sw phan bd
(rng suét cat trén mat cat sé phu thudc vao sw phan
bd vat liéu cling nhw d6 cirng twong ddi gitra cac
|&p vat liéu nay [27]. D& phat trién cac cdng thic
tinh toan strc khang cét cho trwdng hop ciu kién
c6 nhiéu I&p vat liéu bé téng, cac hé sb trong cong
thirc (2) nhw chiéu cao vung bé téng chiu nén ky,
hé sb d&c y md ta phan bb (rng suét tiép trong vung
bé téng chiu nén can dwoc phan tich chi tiét xét
dén sw tham gia ctia nhiéu |&p vat liéu. Chi tiét vé
viéc tinh toan nhirng tham sé nay duoc trinh bay &
muc 2.2.

Can lwu y 1a nodi dung tinh toan dwoc trinh
bay & day la vé strc khang cat thang ding, véi gia
dinh rang strc khang cét theo phwong ngang (hay
con goi la strc khang trot bé mét tiép xuc gitka cac
|&p bé tdng) du I&n va pha hoai do truot doc khdng
xay ra.

2.2. M6 hinh cho cau kién bé téng nhiéu I6p

Phwong trinh (2) c6 gia tri v&i cu kién bé
téng mot I&'p va cau kién bé téng nhiéu I&p. Dé tinh
toan thanh phan strc khang cét & cac vung bé tong
chiu nén va chiu kéo ctia ciu kién bé tdng nhiéu
|&p thi trwdc hét can xac dinh chiéu cao ving bé
téng chiu nén. Tuy theo chiéu day cla cac I16p bé
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téng va ham lwong cbt thép doc trong cau kién ma
truc trung hoa co thé nam & I6p bé téng phia dudi
hoac phia trén, xem Hinh 2.
Chiéu cao vung bé téng chiu nén dwoc biéu
di&n thdng qua x1 + X2, trong d6 x2 1a chiéu day 16p
bé tdng bén trén da biét trwdc va x4 1a dai lwong
chiéu day can xac dinh. Déi véi cau kién khéng co
lwe doc, chiéu cao twong dbi viing bé téng chiu nén
¢ l6p dwdi dwoc tinh dwa trén phwong trinh can
béng Iwc doc sau thu gon nhw dwéi day.
KT+ (2K, +k, ) kony,
e 2(1 B k1)

)

v&i ks = x1/d va ks = x2 / d la chiéu cao twong dbi
cla vung bé téng chju nén; d la chiéu cao chiju lwc
c6 hiéu ciia mat cat dam chi xét 1&p bé téng dwdi;
N21 = Ec2 / Ect 14 ty s6 md dun dan héi cta hai 16p
bé tong; ne = Es / Ec1 va ps = As / (bd).

Phwong trinh (3) c6 thé viét lai dwéi dang
phwong trinh bac hai theo k1 nhw sau:

K? +2[k,ny, +n.p, ]k, + (K3ny —2n,p, ) =0 (4)

J ®)

Tuy theo vi tri truc trung hda ndm & 16p dui
hay I&p trén ma gia tri x4 clng nhw ki twong trng

Nghiém ctia phwong trinh trén la:

K, =(nyk, + neps)[—1 + \/1 +

2neps B n21k§

(neps + r]21k2 )2

1 2

Ecy - By <Eq Ep>Eq
- P<2/3 ¥ >2/3
=

truc trung hoa Tmax Tmax
=
<] i~
EL‘I
DI Y Ex Txz Txz
M bién dang doc tng sut tiép

a) Truc trung hoa o 1dp duoi

Tran

c6 thé dwong hoac am.

T phwong trinh (5), truc trung hoa s& nam
& 16p bé tong phia dwi (k1 > 0) néu xay ra diéu
kién sau:

K, <y/2n,p, /Ny, (6)

Bé rong vét nit phu thudc nhiéu vao tng
suét va bién dang cta cbt thép tai vét nit. Dé xac
dinh bé rong vét nirt we, (rng suét kéo trong cbt
thép dwoc tinh dwa vao mé men uén va déc trung
hinh hoc ctia cbt thép nhw sau:

M
Gs =
ZCASES

(7)

Trong do, z. la canh tay don, la khoang cach
gitra trong tdm (rng suét trong vung bé tdng chiju
nén va trong tam cbt thép chiu kéo, dwoc xac dinh
theo phwong trinh (8) nhw sau:

K3

d——1 A khik,>0
201k, )nop,
z, = ‘ (8)
d(1+k2)(1—?xj khi k, <0
v6i hé sb A dwoc tinh nhuw sau:
2
A=n, 14K (1—"1_2"2]
K, 3
9)

+[1—%j(1—n21)

h

3 4
>2/3
Eep " fia V> Y=2/3
truc trung hoa | 2
max < TR2 max — [R2
{r =1TR1 {T < Tpy
£ £x = Eepp Ex > Ectz
Ecl
e o o o €x Txz Ixz
. b N bién dang doc \ng suat tiép

b) Truc trung hoa & 1dp trén

Hinh 2. Cac dang phan bd (rng suét tiép trén mat ct theo vi tri truc trung hoa

Néu truc trung hda nam & bé téng 16p trén,
chiéu cao vung bé tdng chiju nén dwoc xac dinh

nhw sau:
NP, . 2n,, (1+ kz)J (10)

k,=—ePs | 1, |1
n21(1+k2){ \/ n.p,

Trong trwdng hop truc trung hoa nam & 16p

bé tdng bén dwdi, chidu cao ving bé téng chiu nén

duwoc tinh la:
ki +k,
©1+k,

(11)

Hé sb dac mo ta rng suét cét & vung bé tong
chiu nén duwoc tinh nhw sau:
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2 n,, -k (n, -1
y=2. 21 21(21 ) (12)
3 Ny — kx1 (n21 - 1)
VOi ky1 = X1/ x=kq/ (k1+k2).
Trwong hop md dun dan héi cta hai l6p bé
téng bang nhau, déng nghia v&i hé sb ny = 1, thi

hé sb dac v = 2/3, gia tri nay gibng nhw c4u kién
mot I&p bé téng. Tuy nhién, néu hai I&p bé téng co
cuwong d6 chiu kéo khac nhau thi trang thai gi¢i han
van phu thudc vao nhirng cwdng do nay.
2.3. Xac dinh cac théng sé khac
2.3.1. Bac tinh co’ hoc cua bé tong

Trong trwdng hop khong cé két qua thi
nghiém, cac tham sb co hoc con thiéu cé thé dwoc
wéc lwong théng qua nhivng tham sb co ban da
biét.

a) Cuwdng dé chiu kéo cé hiéu

Cuong d6 chiu kéo co hiéu dwoc xac dinh
thdng qua cwong dd chiu kéo mét truc va hé sb
Poat-xdng, c6 thé Iy béng 0.2 theo fib Model Code
2010 [10], nhw sau:
1]%} ~0.83-f, (13)

b) Cwdng dd chiu kéo mdot truc

Cuwdng do chiu kéo mét truc ¢ thé tinh thong
qua cuwéng dd chiu nén theo tiéu chuan Eurocode
2 thé hé ma&i [28] nhu sau:

0.3-f3° |fC <58MPa

o _{1.1-f;f’ [f, >58MPa

f

ct,ef =

= (14)
V@i foc la cwdng d6 chiu nén danh dinh, dwgc tinh
bang f, =f. —8MPa.
c) Mé dun dan hoi
M6 dun dan héi ciing dwoc wéc lwong theo
Eurocode 2 thé hé mai [28] nhw dwdi day:
E, =9500.-f° (15)
d) Nang lwong pha hay
Nang lwong pha huy dwoc tinh thdng qua
cwdng do bé téng chiu nén va kich thwéc hat cbt
liéu I&n nhat trong bé tdng theo [29] nhw sau:
G, =0.03-f>".a0% (16)

g
2.3.2. Bé rong vét nivt va khoang cach vét nut
Bé rong vét nit 1a mot tham sb quan trong vi
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né quyét dinh chiéu cao cé hiéu cla &ng suét cat
trong viing bé téng chiu kéo. V& mét vat ly, bé rong
vét nirt 1a tbng dd trwot twong ddi gitra bé téng va
cbt thép tai vi tri nut.
a) Bé rong vét nit

Bé rong vét nirt dwoc xac dinh la tich sé cla
khodng cach vét nirt va chénh léch bién dang gitra
bé téng va cbét thép tinh theo cdng thirc sau:

W =S (gsm - 8cm) (1 7)

Chénh léch bién dang trung binh gitra bé
téng va cbt thép trong doan cAu kién bang khoang
cach hai vét n&t dwoce tinh nhw sau:

1 f
— ct
Ssm_gcm_E_ cys_Bt
s ps,ef

(1+nepqer ) (18)

vGi A la hé sb phu thudc vao dang tai trong va Ps.ef
la ham lwong cbt thép chiu kéo c6 hiéu. Hé s6 £
dwoc lay bang 0.6 cho trwéng hop tai trong ngan
han va 0.4 cho trwdng hop tai trong dai han.
b) Khoang cach vét nit

Khoang cach gira hai vét nirt chinh dwoc
tinh theo [24], 1a gia tri I&n hon cda vét nit quyét
dinh b&i kich thwédc clu kién va vét nirt tap trung
tai viing cbt thép chiu kéo.

Scr = max(scﬂ;scrz) (19)
trong do
So =0.75-d(1-k,) (20)

véi d & day 1a chiéu cao co6 hiéu cla mat cat lién
hop tinh bang khodng cach tir trong tam cbt thép
chiu kéo va thé trén cuing clia mét cét, va

~ 1.5¢,

S =
cr2 4kbps’ef (2 1 )

vOi

Tenp. o) [F*
Kk, = b = 0.97| ——ePeet s | L (22)
fct ps,ef Es fct

Puwa cac tham sb tinh toan dwoc trinh bay &
muc 2.2 va 2.3 vao phwong trinh (2) trong muc 2.1
sé thu dwoc strc khang cét tinh toan.
3. Chworng trinh tinh

Vé&i md hinh co hoc dworc trinh bay & phan 2
va cac cong thirc giai tich rd rang, viéc tinh toan
strc khang cét twong ddi don gidn. Do strc khang
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cét phu thudc vao bé réng vét nit, nghia la theo ca
bién dang va rng suét theo phwong doc, nén né
can dwoc xac dinh théng qua tinh 1&p. Can lwu y 1a

I m5M - mechanical Shear Model

| Single Beam  Shear Database

Geometry and Materials

Tran

néu chi quan tam dén viéc kiém tra strc chju lwc cat
ctia cAu kién khi so v&i tai trong tac dong thi viéc
tinh 13p cé thé dwoc bd qua.

Structural type Simply supported beam under concentrated load b
General Geometry Lengitudinal Reinforcement Shear Reinforcement
Span 1000 mm Top Reinf. DIA 10 mm ~ Reinf. diameter & mm ~
Load spacing 0 mm Mo, of top bars 2 = MNo. of legs 0 =
Shear span 850 mm Bottom Reinf. DIA |22 mm w Spacing 150 mm
Width 260 mm No. of bottom bars 3 = Inclination 90 deg °© °©
Total depth 400 mm Reinf. ratio 1.29 % Reinf. ratio 0.00 cm2/m
Concrete cover 49 mm Es 200000 MPa Es 193000 MPa
Static depth (d) 340 mm fy 450 MPa fyw 450 MPa
Slenderness (a/d) 2.50 mm
Concrete (Bottom Layer) Concrete (Top Layer)
[ Detailed parameters of concrete [ Detailed parameters of concrete
fem 55 MPa fem 27 MPa Ve = 117.810 kN
fctm 3.0 MPa fetm _I—i MPa
Ec 36128 MPa £ 28500 MPa STy = RS
GF 0.150 N/mm e 0.132 N/rmm s[:g_r = 166 MPa; kx = 0.344 ° ° °
Y 02 o y 02 . sig_sl = 175.1 MPa
_— S wer = 0,097 mmy; ser = 167 mm
Max. ag 16 mm Max. ag 16 mm
Width 0 e () Width 260 o Notation 3
50 Add to Data Table

Thickness 250 mm Thickness 150 mm

Close

Hinh 3. Giao dién chwong trinh mSM tinh toan strc khang cat clia cau kién bé tong cbt thép nhiéu 16p

Dé thuan tién cho viéc tinh toan strc khang
cét clia cu kién bé tong cbt thép nhiéu I6p, tac gia
da xay dwng moét chwong trinh tinh voi giao dién
duwgc trinh bay & Hinh 3. Chuwong trinh cho phép
tinh toan nhiéu trwéng hop clu kién bé téng cot
thép chiu cat khéng cbt dai. Hon thé niva, chuwong
trinh ciing cho phép tinh dwoc véi ciu kién cé ham
lwong cbt dai nhd, cét dai thang dirng hodc cbt dai
xién. Ly thuyét vé mé hinh mSM cho cAu kién c6
ham lwong cét dai nhé sé trinh bay & mot bai bao
riéng.

Chwong trinh cling cho phép tao 1ap mét co
s& dir liéu vé strc khang cat mot cach thuan tién,

théng qua viéc ty dong ghi lai trdng hop dang tinh
toan va bd sung tryc tiép vao co s& dir liéu.

V&i giao dién than thién, két qua trwc quan,
cing nhw nhiéu tuy bién va cé d6 chinh xac cao,
chwong trinh phu hop véi viéc tinh toan gia tri strc
khang cét trung binh va ca strc khang cét thiét ké.
4. Danh gia mé hinh tinh bang két qua nghién
ctru thwe nghiém

Nham danh gia dé chinh xac cia mé hinh
tinh, cac két qua thi nghiém ctia Kim va nnk [19],
Ven va nnk [30] dwoc st dung. Nhivng ddm nay co
kich thwéc, chiéu day cac Iép bé tdng khac nhau,
cwédng do bé téng va ham lwong cbt thép doc ciling
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thay déi, xem Bang 1. Trong téng sb 26 dam thi c6
12 dam bé tong moét 1ép dwoc st dung véi muc
dich déi chirng va so sanh. Chwong trinh tinh mSM
dwoc dung cho phan danh gia nay.

Déi v&i cac dam trong Bang 1, bé téng duoc
st dung cé kich thuwéc hat cbt liéu I&6n nhat aq 1a 25
mm (v&i nhom nghién ciru Kim va nnk [19]) va 20
mm (v&i nhdm nghién ctru Ven va nnk [30]). Gia tri
nay can thiét trong viéc wéc lwong ndng lwong pha

Tran

hly Gr cia bé tong. Do cwdng dd chiu kéo f. clia
bé tdng khéng dwoc cung cip day di nén né dwoc
tinh toan dwa vao cwdng dd chiu nén cla bé tong
fe.

Viéc so sanh gitra két qua thi nghiém va tinh
toan dwoc thé hién thong qua ty sb gitra hai gia tri
nay, duwgc ky hiéu 1a 6 = Vex/ Vea. Gia tri clia 6 1&n
hon 1 thé hién mé hinh cho két qua thién vé an
toan va nguorc lai.

Bang 1. Két qua thi nghiém va tinh toan

Téac gia DAm ald b h1 fer X2 fe2 Ds Vexp Veal 0=
- mm mm MPa mm MPa % kN kN Vexp ! Veal
Kim va nnk. [19] 1 25 260 400 27 1.29 108.5 103.2 1.05
2 25 260 400 55 1.29 1345 136.6 0.98
3 25 260 250 55 150 27 1.29 125.5 119.8 1.05
4 25 260 150 55 250 27 1.29 107.0 116.9 0.92
5 25 260 250 27 150 58 1.29 99.5 1271 0.78
6 4.0 260 400 25 2.78 129.5 105.0 1.23
7 4.0 260 400 53 2.78 156.5 146.4 1.07
8 4.0 260 250 53 150 25 2.78 150.0 150.4 1.00
9 4.0 260 150 53 250 25 2.78 1225 118.8 1.03
10 4.0 260 250 25 150 55 2.78 127.0 134.9 0.94
11 4.0 260 400 21 1.72 92.5 80.4 1.15
12 4.0 260 400 63 1.72 101.0 1211 0.83
13 4.0 260 250 59 150 22 1.72 135.0 96.4 1.40
14 4.0 260 150 53 250 23 1.72 101.5 93.5 1.09
15 4.0 260 250 23 150 52 1.72 107.0 109.9 0.97
16 4.0 260 400 25 1.29 94.0 78.9 1.19
17 4.0 260 400 55 1.29 97.5 103.9 0.94
18 4.0 260 250 55 150 25 1.29 107.5 85.6 1.26
19 4.0 260 150 55 250 25 1.29 95.5 85.1 1.11
20 4.0 260 250 25 150 55 1.29 91.5 100.7 0.91
Ven va nnk. [30] V23.01 3.3 150 180 38 1.52 31.5 32.8 0.96
V23.02 3.3 150 180 38 1.52 314 32.8 0.96
V23.03 25 150 230 38 1.14 42.2 44.0 0.96
V23.04 2.5 150 230 38 1.14 42.4 44.0 0.96
V23.06 2.5 150 180 38 50 114 1.14 46.3 43.3 1.07
Vv23.07 25 15 180 38 80 114 1.14 45.9 48.4 0.95
Tdng 26 dam Gia tri trung binh poe ~ 1.05
Hé s6 bién thién 8o (%) 13.6
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C6 thé thAdy mé hinh mSM cho két qua dy
doan rat sat két qua thi nghiém dbi véi cac mau thi
nghiém thwc hién tai trwdng dai hoc Viét Burc [30],
gdm nhirtng dam bé téng cwéong dd thap (f. ~ 38
MPa), cwdng dod siéu cao (f; ~ 114 MPa) va cac
dam composite st dung hai loai bé téng nay.

Déi v6i loat thi nghiém cta Kim va nnk [19]
thi mSM ciing cho két quéa rat tét cho trwdng hop
bé cwdng db cao (f. ~ 60 MPa). Tuy nhién, md hinh
tinh cho két qua cé xu hwéng thién vé an toan &
cac dam dung bé téng cwong do thap (f. ~ 25
MPa). Can lwu y rang, do chi c6 két qua cwdng do
chiu nén f;. nén trong trwd'ng hop nay, nhirng tham
sb co hoc khac gébm cwdng do chiu kéo fo, md dun
dan héi E; va nang lwong pha hiy Gr da phai wéc
lweng théng qua fe.

Thuc té cho thdy, cung mét cwdng dd chiu
nén nhung bé téng duwoc ché tao véi cac cong thire
khac nhau, st dung vat liéu ttr nhirng nguén khac
nhau, quy trinh trén, 4 va bao duéng khong gidng
nhau, va phwong phap gia tai khac nhau nén
thuwong cho két qua twong quan gitra cac dai lwong
co hoc khac nhau. Do d6, viéc wéc lvgng cac dai
lwong co hoc con thiéu théng qua cwdng dd chiu
nén chi cho két qua cé dd chinh xac nhat dinh.
Kiém dinh mé hinh & [18] cho thy néu cac tham
sd co hoc dwoc xac dinh tir thi nghiém thi mSM
dem lai két qua chinh xac cao hon so v&i viéc tinh
toan véi cac tham sb wéc luong.

Théng ké cho thay gia tri 6 cé gia tri trung
binh 1a 1.05 va hé sbé bién thién 13.6%. Két qua nay
cho thdy mé hinh tinh dw doan gia tri strc khang
cat kha twong dong v&i gia tri thu dwoc to thi
nghiém, thé hién dé chinh xac twong déi cao.

5. Két luan

Bai bao nay thdo luan vé bai toan sirc khang
céat ca cAu kién bé téng cbt thép khong cbt dai va
gidi thiéu mé hinh tinh mSM cho c4u kién bé téng
nhiéu I1&p. Md hinh méi dwoc xay dwng hoan toan
dwa trén phan tich co hoc va toan hoc va duwgc
kiém chirng véi cac két qua thi nghiém.

Cac tham sb co hoc vat liéu st dung trong
m6 hinh mSM déu cé thé xac dinh bang thi nghiém
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hoac wéc lvgng dwa vao moi twong quan vé&i mot
sb dac trwng co hoc co ban, vi du tinh theo cuéng
dd chiu nén cua bé tong f.. Viéc kiém chirng moé
hinh thong qua két qua thi nghiém gdm 26 dam bé
tong cbt thép budc dau da khang dinh dé chinh xac
ctia ly thuyét va mé hinh tinh mSM.

Viéc tinh toan strc khang cat dwoc thwe hién
don gian nh¢ cac cong thire giai tich twong minh.
Tuy nhién, n6 van doi héi mét qua trinh tinh 1ap.
Chuwong trinh tinh mSM dwoc xay dwng da giup
cho qua trinh tinh toan dwoc trvc quan va don gian
hon nira, ddng thi cho phép xay dwng mét co s&
di liéu vé strc khang cét.

Do sé lwgng thi nghiém con it nén cha dé nay
c6 thé tiép tuc theo hwéng bd sung cac nghién ciru
thwe nghiém nham lam ré cac trang thai chiu lwc
clia cAu kién bé téng nhiéu I6p, dac biét ciu kién
lien hop véi s6 16p 16N hon 2 dé khao sat ving bé
téng quyét dinh dén pha hoai cét.

Ky hiéu viét tat

a chiéu dai nhip chju cét co hiéu

a/d dé manh chju cat

b bé réng mat cat

h chiéu cao mét cat

hi chiéu cao I&p bé téng dudi

d chiéu cao c6 hiéu ctia mat cat (Iop dui)
fe cwong dd chiu nén trung binh ctia bé téng
fox cwong do chiu nén danh dinh clia bé tong
fe1 cwong do chiu nén cla bé tong 16p dwédi
fe2 cwong do chiu nén cua bé téng 1&p trén
fy gi&i han chay cla cbt thép

k hé sb kich thwdc, k =1++/200/d <2

K+ chiéu cao vung nén twong dbi ki = x4/ d
k2 chiéu cao viing nén twong dbi kz = x2/ d
Kx1 ty s6 x1/ x

kx chiéu cao twong déi viing nén kx= x / dai
ne  ty s6mod dun dan hdi thép va BT I6p dudi
Nzt ty s6 mod dun dan héi BT I6p trén va dwdi
X chiéu cao viing bé téng chiju nén

X1 chiéu cao viing bé tdng chiu nén & I6p dwdi
X2 chiéu day I&p bé tdng phia trén

Zc canh tay don gilra vung nén va kéo

Cric hé sb thyc nghiém
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Es md dun dan hdi ctia cbt thép
M mé men udn
N Iwc doc

Ves  luc cat thiét ké

Vrac strc khang cat thiét ké

Vexp  Strc khang cét thuc nghiém

Vea  strc khang cét tinh toan

0 ty sb strc khang thwc nghiém va tinh toan

Ps ham lwong cbt doc theo bé tong Iop dwdi

6 Urng suét trung binh trén mat cat do lwc doc

L&i cam on

Nghién ctru nay dwoc tai tro béi B Giao duc
va Pao tao trong dé tai ma sb B2023-VGU-06.

Nhom tac gia chan thanh cam on sy tai tro' nay.
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