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TGM TAT

Viec kiém tra kha nang chiu cét cia céu kien bé tang cat thep (BTCT)
theo tiét dien nghigng duoc quy dinh trong tiéu chudn TCVN
aa74:2018. Tuy nhién, ddi vai mang bang BTCT chiu phan lyc day
mang phéan b tuyén tinh, chua ca nhiéu huang dén va nghién ciu
dé cép dén van dé nay. Bai bao trinh bay |&i giai giai tich cho bai
toan kiém tra cuang do chiu cét trong tigt dién nghiéng cia ban
mang bang BTCT khang bd tri cét thép ngang chiu cat khi phan luc
day mang phén bd bac nhat. Song song vai da, mat phuang phép
thic hanh vai cac gia thigt don gian hoa duoc dé xudt nhim nang
cao kha ning (ng dung trong thigt k. K&t qua nghién ciu cho théy
phueng phap thuc hanh ludn cho két qué vé an toan va ca sai léch
tir 1% dén 33% so vai ket qua giai tich. Phan tich tham sd cho thay
gid trj len nhét cia phan lyc dudi day mang co anh hudng quygt
dinh dén diéu kign chiu cat trong tigt dién nghiéng. trong khi dd déc
ciia bigu dd phan lyc ca &nh hudng khang dang ke. Tir cac két qua
nghién ciru, bai bao dé xut bang liya chon so ba chiu cao [am viec
ciia ban mang bang BTCT theo p lyc tinh toan ca nén dét, phuc vy
cng tac tinh todn va thigt ke,

Tir khda: Mang bang BICT; tigt dién nghigng chiu cat; TCUN
0a74:2018; phén lyc day mang phan b tuyén tinh.

ABSTRACT

TCVN 3a74:2018 specifies the calculation of reinforced concrete members
against shear failure on inclined sections. However, the application of these
provisions to reinforced concrete strip footings subjected to linearly
distributed soil reactions remains challenging due to the lack of detailed
calculations. This paper presents an analytical solution for evaluating the
shear resistance of inclined sections in reinforced concrete strip footing
slabs without transverse shear reinforcement under linearly distributed
soil reactions. On the other hand, a simplified practical method is proposed
to facilitate engineering design applications. The results indicate that the
proposed method provides conservative predictions with deviations
ranging from 1% to 33% compared with the analytical solution.
Parametric analyses show that the maximum soil reaction has a dominant
influence on the shear capacity requirement, whereas the gradient of the
soil reaction distribution has only a minor effect. Based on the obtained
results, preliminary recommendations for selecting the effective depth of
reinforced concrete strip footings according to the allowable bearing
capacity of the foundation are proposed for practical design and
educational purposes.

Keywords: RC strip footing; inclined shear section; TCVN
0a74:2018; linearly distributed load.

1.DAT VAN PE

Panh gia cudng do trén tiét dién nghiéng chiu cdt cta két
cdu BTCT ludn la mét bai toan phuc tap chiu nhiéu anh hudng
cla cac yéu té nhu kich thudc hinh hoc, dac tinh vatliéu va diéu
kién tai trong. Tiéu chuan thiét ké két cau bé téng, BTCT cla
Viét Nam hién hanh la TCVN 5574:2018 [1] dugc ban hanh dua
trén tiéu chudn géc cla Lién X6 va Nga sau nay [4]. Tuy nhién,
ndi dung cda tiéu chudn 5574:2018 mdi dua ra nhimng vin dé
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chung nhat vé nguyén ly tinh toan va cdu tao, nén cé thé gay
kho khan trong viéc ap dung tiéu chudn trong thuc té thiét ké
cong trinh cling nhu trong céng tac day va hoc két cau BTCT &
cac trudng dai hoc. Viéc tinh toan thiét ké theo TCVN 5574:2018
trong ti€t dién nghiéng chiu luc cat da dugc nhiéu tac gia
nghién ctu. Tuy nhién, hdu hét cac bai bao déu tap trung vao
viéc tinh todn cét dai cho dam BTCT tiét dién ch(t nhat chiu tai
trong tap trung va/hodc tai trong phan b6 déu [4~9]. Mdng
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bang BTCT c6 nhing dédc thu riéng nhu tai trong phan bé tuyén
tinh, ban mong khéng dat c6t thép ngang chiu luc cat chua
dugc nghién ctu chi tiét. Gan day Chuong N.T. va nnk [8] c6
nghién ctu vé dam BTCT chiu tai trong phan bé phuc tap
nhung chua dua ra dugc phucong phap tinh cu thé cho trudng
hop tai trong phan bé bac nhat.

Bai bdo nay tap trung nghién clfu vao bai todn méng bang
BTCT chiu luc cat trong tiét dién nghiéng vdi tai trong phan bé
bac nhat. Trong do, 16i giai bang phuong phap giai tich chinh
xdc dugc nghién clru va xac lap. Bén canh d6, mot phuong phéap
tinh gan ddng cing dugc dé xuat dé tang kha nang ung dung
trong thyc té tinh toan, thiét ké.

2.TINH TOAN MONG BANG BTCT THEO TIET DIEN
NGHIENG CHIU LUC CAT
2.1. Phan luc duéi day méng
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Hinh 1. Phan lyc phan bo dudi day mong bang
Hinh 1 thé hién m&t cdt ngang mot méng bang c6 chiéu
réng b, d& tudng c6 chiéu rong be tai vi tri tam mong, chiu tai
trong tinh toan trang thai gigi han 1 phan bé theo chiéu dai
clia méng véi thanh phan thdng ding No va moé-men Mo. Phén
luc dudi day mong tac dung 1én ban méng c6 dang phan bé
tuyén tinh theo chiéu réng mong. Cac gia tri cta phan luc c6
thé xac dinh theo cong thuc sau:
No
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Trong dé: pw la phan luc trung binh dudgi ddy mong;

Pmax 1& phan luc 16n nhat dusi day méng;

Pmin 1a phédn luc nhé nhat dusi ddy mong;

Png la phan lyc tai mép tuong bén phia cé phan luc Ién
nhat;

pc la phan luc tai vi tri cdch mép tudng mot khoadng C.

2.2. Tinh toén cau kién BTCT theo tiét dién nghiéng chiu
luc cat

Theo TCVN 5574:2018, luc cat trén tiét dién nghiéng cla
cau kién BTCT can théa man diéu kién:

Qc = Qp
(2)

Trong dé: Qc la luc cat trén tiét dién nghiéng c6 hinh chiéu
xudng truc clia ban mong la G

Qs la khad nang chju cat cta bé tong trong tiét dién nghiéng;

Chu thich 1: Thanh phan Qsw, luc cdt chiu béi c6t thép
ngang trong tiét dién nghiéng, dugc lugc bo tir cong thic géc
do két cdu méng thudng khong bé tri cot thép ngang chiu luc
cat.

Chu thich 2: Khoang gia tri ctia C tir 0,6ho dén 3,0 ho
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1- Tiét dién nghiéng: 2 - C&4 thép.
Hinh 2. So d6 tinh todn cdu kién BTCT theo tiét dién nghiéng chiju tdc dung
cla luc cdt (TCVN 5574:2018)
Luc cat Qc trén tiét dién nghiéng cllia méng bang dugc xac
dinh (xem Hinh 1):

QC = Qng - P1C (3)
Trong dé:
p +p
Qng — max2 ng bng
pct png )
Pr=—F—

2

Kha nang chiu cat cha bé tong trong tiét dién nghiéng, stic
khéng cat, theo TCVN 5574:2018 dugc xac dinh bang cong
thuc:
_ ¢b2Rbtutbhg _ 1,5Rp:hg
Q= C ==

Trong do6: @2 12 hé s6, ké dén &nh hudng clia ¢t thép doc,
luc bam dinh va d&c diém trang thai Ung suit cia bé tdng ndm
phia trén vét nut xién, 1dy bang 1,5;

Rot la cudng d6 chiu kéo tinh toan doc truc clia bé tong doi
véi cac trang thai gidi han tha nhat;

uw la chiéu rong trung binh cla tiét dién nghiéng. Déi vsi
trudng hgp moéng bang, khi tinh todn, viéc xem xét mét don vi
chiéu dai mong tuong dudng véi viéc xem xét cho toan bd
méng nén uw = 1;

ho la chiéu cao lam viéc cua tiét dién;

C la chiéu dai hinh chiéu cua tiét dién nghiéng Ién truc doc
cau kién.
2.3. Phuong phap giai tich

(5)
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Dua trén cac phuong trinh (3) va (5), diéu kién (2) cho luc
cat trén tiét dién nghiéng dugc viét lai cho mong bang la:

1,5R,:h3
Qng = P:C < —7— (6)
Thay p; bang cong thiic (4), chuyén vé ta cé:
2
Ong < 1,5}215}10 [pmax _ pmax2bpmm (b — b, — C)] C @)
Coi vé phai cla (7), la mét ham caa C, f(C):
1,5R,:h3 — Dmi
£(0) = =220 4 [y = PP Gy -~ )] ¢ (®)
Do Qng khong phu thudc vao gia tri C, nén truong hop
nguy hiém nhat déi vai diéu kién chiu cat trong tiét dién
nghiéng xay ra khi f(C) dat gia tri nhé nhat khi C thay déi tu
0,6ho dén 3ho.
Khao sat f(C) vGi cac hang s6 dugc dinh nghia nhu sau:
- A = 1,5Ryh?
- F = (Pmax — Pmin) /2D
-E = (Pmax — F(b = by))
Khi do:
A
f(C)=E+E.C+F.CZ 9)
f’(C)=—%+E+2F.C (10)
2A (11)

)= ot 2F

Ham f(C) dat cuc tri tai cac gia tri C la nghiém cla phuong
trinh f(C) = 0.
f(O)=0 & g(C)=2F.C3+E.C?—A=0

Pay la phuang trinh bac 3 véi cac hang sé A, E, F déu I6n
haon 0:

- Khi C — 0%, g(C) — —A (gia tri am)

- Khi € — 4o, g(C) — +o0 (gid tri duong)

Nhu vay, g(C) thay ddi tir gia tri am sang duang khi C chay
tlr 0* dén +o0. Do d06, g(C) c6 it nhat mot nghiém duong.

Mat khac: g’(C) = 6F.C + 2E.C > 0 vGi moi C > 0, nén g(C) la
ham déng bié€n nén phuang trinh g(C) = 0 hay (C) = 0 chi c6
mét nghiém duy nhat. Goi nghiém dé 1a Crin.

Viéc giai phuang trinh bac 3 f(C) = 0 dugc giai bdng bang
tinh MS. Excel véi viéc stt dung chiic nang Goal Seek trong Data
— What-If Analysis.

Mat khac, f(C) la ham 16i trong khoang (0,+) vi ¢6 f'(C) > 0.
Do do, gia tri nhdé nhat f(C)min ctia ham f(C) véi C trong khoang
tlr 0,6ho dén 3ho dugc xac dinh nhu sau:

a. Khi bag = 3ho

- Néu 0,6ho < Cmin < 3ho, f(C) dat gia tri nho nhat tai C = Cin

- N&u Cmin < 0,6h,, f(C) dat gia tri nhd nhat tai C = 0,6ho

- N&u Cmin = 3ho, f(C) dat gia tri nhd nhat tai C = 3ho

b. Khi bng < 3ho

- N&u 0,6ho < Cmin < bng, f(C) dat gid tri nhé nhat tai C = Crmin

- Néu Cmin < 0,6h0, cuc tiéu xay ra tai C = 0,6ho

- NE&u Cmin > bng, f(C) dat gia tri nhd nhat tai C = bng

Trudng hgp bng < 3ho va Cmin = bng, Qc = 0 nén diéu kién chiu
cat trong tiét dién nghiéng luén théa man, chiéu cao lam viéc
clia ban méng ho chon theo cau tao.

Sau khi xac dinh dugc vi tri mat cit nghiéng nguy hiém
nhat, Cmin, gia tri luc cdt Q. va stic khang cat Qv dugc tinh lan
lugt theo phuong trinh (3) va (5). Diéu kién chéng cat dugc
kiém tra theo cong thuc (2).

2.4. Phuong phap thuc hanh dé xuat
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Dua trén cac phuong trinh (3), (5) va diéu kién (6), do p; >
Png, thién vé an toan khi thay p; bang png, lGc nay diéu kién (6)
cho luc cat trén tiét dién nghiéng dugc viét lai la:

1,5Rp hé
Qng_pngCZQcSsz Ct 0 (4)
1,5R, h3
hay Qg <=2 +pugC (13)

Tuong tu nhu phuong phap giai tich, diéu kién chong cét
trong tiét dién nghiéng nguy hiém nhat khi vé phai cda (13),
f(C), dat gia tri nhé nhat. Ap dung bat dang thic Cauchy ta cé:

f(Omin =2 ’LSRbthépng (5)

Tai gia tri C = Cmin

1,5R
= ho o (15)

Png

Xét diéu kién cua bai todn méng bang BTCT:

- Phan lyc dugi day méng phainhé hon ap luc tinh toan nén
dat (TCVN 9362:2012): png < Ro = 600 kPa

- Bé tong cdp d6 bén tdi thi€u ddi véi méng B15 cé cudng
d0 chiu kéo tinh toan doc truc la: 750 kPa

K&t hgp hai diéu kién trén, tir cong thic (15), Cmin > 1,36ho.
Nhu vay, trudng hgp Cmin < 0,6h0 khOng can xét dén, gia tri nho
nhat f(C)min khi C ndm trong khoang tir 0,6ho dén 3ho dugc xac
dinh nhu sau:

a. Khi bng = 3ho

- Né&u Cmin < 3ho, f(C) dat gia tri nho nhat tai C = Crin:

- NE&u Cmin = 3hy, f(C) dat gié tri nho nhat tai C = 3ho

b. Khi bng < 3ho

- NE&u Cmin < bng, f(C) dat gia tri nhé nhat tai C = Cmin:

- NE&u Cpmin = bng, f(C) dat gid tri nho nhat tai C = bng

Trudng hgp bng < 3ho va Cmin = brg, Qc = 0 nén diéu kién
chiu cat trong ti€t dién nghiéng luén théa man, chiéu cao lam
viéc cia ban méng ho chon theo cau tao.

Sau khi xac dinh dugc vi tri mat cit nghiéng nguy hiém
nhat, Cmin, gid tri luc cat Qc va suc khang cat Qv va diéu kién
chéng cat dugc tinh toan va kiém tra theo cdng thic (12).

2.5. Hé s8 danh gia ECO

PE danh gia diéu kién chiu cat trén tiét dién nghiéng mét
cach dinh lugng, hé s6 danh gia ECO dugc xac dinh theo biéu
thuc sau:

ECO = M (6)
Qp

V&i dinh nghia trén, gia tri cta hé s ECO thé hién cacy
nghia nhu sau:

- Néu ECO = 0, lyc cdt Qc bang suc khang cat Qs. Luc nay,
chiéu cao lam viéc ho cia badn mdng chinh 13 gia tri t6i thiéu
can c6 dé€ dam béo diéu kién chéng cét trong tiét dién nghiéng;

- Néu ECO > 0, diéu kién chiu cét trong tiét dién nghiéng
dugc théa man. Gia tri ECO cang Ién thi phan thita cla stic
khang cat cang I8n, d6 an toan ch6ng cat cang cao;

- Néu ECO < 0, tiét dién nghiéng khong du kha nang chiu cat.

Cmin

3. KET QUA PHAN TiCH VA NHAN XET

Dua trén cac gia thiét tinh toan, phuong phéap thuc hanh
cho két qua déng nhat véi phuang phap giai tich trong trudng
hop phan luc dugi day méng phan b6 déu va thién vé an toan
trong trudng hgp phan luc nay phan b hinh thang/hinh tam
giac.
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Céac yéu t6 anh hudng dén diéu kién chiu luc cat trong tiét
dién nghiéng cta ban méng bang dugc nghién ctiu bao gom:
1) D6 déc chia phan luc phan bé dudi day ban mong, 2) Chiéu
réng ban mong b, chiéu cao lam viéc ctia ban moéng hy, chiéu
réng cua tudng b: dugc nghién ctu thong qua ty sé gita chiéu
dai ctia nhip ban méng céng-xén bng va chiéu cao lam viéc clia
ban mong bng/ho.

Cudng d6 chiu cat, Qu, trong tiét dién nghiéng tinh theo
ca hai phuong phap déu c6 gié tri bang nhau. Bé téng c6 cap
d6 bén I6n hon cho cudng d6 chiu cat 16n hon. Diéu d6 co
nghia |a, néu diéu kién chiu cat trong tiét dién nghiéng dugc
thoéa man vdi bé tong cap dé bén thap, thi n6 cling sé dugc
théa man ddi véi bé téng cap d6 bén cao hon. Do d6, cudng
d6 chiu kéo doc truc tinh toan ciia bé tong dugc nghién cdu
vGi loai bé tdng c6 cap dé bén t8i thi€u cho két cdu BTCT chiu
luc B15.

3.1. Cac théng sé nghién ciu

Tién hanh nghién ctru mot mong bang c6 chiéu rong day b
=2,2 m d& tudng co chiéu day b: = 0,2 m, chiu ap luc phan bé
tuyén tinh véi gia tri I6n nhat va nhé nhat 1an lugt 1a pmax va
Pmin. MONg lam bang BTCT cé cap d6 bén B15, Re: = 750 kPa.

Hé sé danh gia ECO m6 ta trong muc 2.5, v3i cac yéu to sau
sé dugc nghién cuu:

a) Do déc cla phan luc phan bo tuyén tinh dugi day méng:
Pmax = 100 kPa, 200 kPa, 300 kPa, 400 kPa, 500 kPa, 600 kPa; pmin

Iay hai gid tri 0 va pmax. Cac gid tri pmax dugc chon phu hgp véi
ap lyc tinh toan quy udc Ro (phu luc D, TCVN 9362:2012).

b) Ty s6 bng/ho: 1 ~ 5.

3.2. Két qua tinh toan va nhan xét

Hinh 3 thé hién két qua tinh toan hé s danh giad ECO cla
diéu kién chéng cdt trong mat phdng nghiéng ctia bdn méng
bang BTCT. Gia tri ECO cta phuong phap thuc hanh [uén nhé
hon hodc bang ECO cla phuong phap giai tich. Truéng hop
bang nhau xay ra khi phéan luc duéi ddy mong phan bé déu.
Diéu nay hoan toan ding vdi gia thiét cia phuong phap thuc
hanh néu trong muc 2.4.

D6 sai khac gitra ECO clia hai phuang phap tang khi d6 doc
cla phan luc dugi ddy moéng 16n. Khi pmin = 0 va pmax thay d8i tu
100 kPa dén 600 kPa, d6 sai khac I&n nhat tang tur 11% [én 33%.
Tai gid tri ECO = 0 cta phuong phap thuc hanh, d6 sai khac c@ia
no déi véi phuaong phap giai tich chua téi 20% d6i véi trudng
hop phan luc ddy méng c6 d6 déc 16n nhat. Day la gia tri sai
léch thién vé an toan hoan toan cé thé chdp nhan dugc trong
thuc hanh thiét ké. Han nira, khi chiéu cao cta ban mong 16n
hon, dién tich cét thép chiu uén trong ban méng clng sé nho
hon. Trong hau hét cac trudng hgp, chi phi cho ban mong bang
BTCT hau nhu khéng cé su thay d6i I6n. Diéu nay chiing té, két
qua tinh toan cla phuong phap thuc hanh cé thé dung dé tinh
toén thiét k& diéu kién chiu cit trong mat phdng nghiéng cla
moéng bang BTCT.
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Hinh 3. Hé 56 ddnh gid ECO vdi trung hgp phan lyc ddy mong phéan bo hinh thang

Hinh 4 thé hién gia tri hé s6 danh gia ECO cho trudng hap
phan luc ddy mong phan bé déu. Biéu do6 cho thay gia tri ECO
tinh bang hai phugng phap hoan toan tuong déng ding nhu
phan tich ly thuyét & trén.

Phan tich két qua tinh toan cta phuong phap thuc hanh,
khi cudng d6 cta phan luc day mong tang, chiéu cao lam viéc
ho t6i thiéu dé théa man diéu kién cudng dé chéng cat trong
tiét dién nghiéng tang. Khi pmin = 0 va pmax thay d6i tur 100 kPa;
200 kPa; 300 kPa; 400 kPa; 500 kPa va 600 kPa, biéu dé ECO cuia
PPTH (Hinh 3) cat truc hoanh tai cac vi tri bng/ho 1an lugt bang
6,97; 4,54; 3,70; 3,21; 2,87 va 2,62.

D&i v6i Hinh 4, khi pmin = pmax = 100 kPa; 200 kPa; 300 kPa;
400 kPa; 500 kPa va 600 kPa, biéu d6 ECO cat truc hoanh tai cac
Vi tri bag/ho 1an lugt bang 6,75; 4,74; 3,87; 3,35; 3,00; 2,74. b6
chénh giira cac gia tri nay déu dudi 5% khi so sanh hai truéng
hop phan luc day mong c6 cung phan luc 16n nhat pmax nhung
c6 phan bo hinh tam giac (pmin = 0) va phan b6 déu (Pmin = Pmax).

Diéu nay chi ra rang, d6 d6c clia phan luc duéi day mong
khong tac dong nhiéu dén chiéu cao lam viéc téi thi€u yéu cau
clia ban méng. Yéu t6 anh hudng I6n dén diéu kién cudng do
choéng cat trong tiét dién nghiéng la gia tri I&n nhat cta phan
luc ddy mong pmax-
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Hinh 4. Hé s danh gid ECO vdi truong hgp phan luc ddy mang phan bd déu

Chiéu cao lam viéc ho téi thi€u cGa badn méng bang BTCT phu
thudc vao phan luc 1én ddy mdng. Trong khi do, phan luc 1én day
mong phai nhé hon hodc bang ap luc tinh toan cdia nén dat (TCVN
9362:2012). Dua vao két qua nghién ctiu & trén, chiéu cao lam viéc
ho clia bdn méng bang BTCT véi cap dd bén B15 c6 thé dugc lua
chon so bé dua trén ap luc tinh toan ctia nén dat theo Bang 1 nhu
sau:

Bang 1. Lua chon chiéu cao lam viéc clia ban moéng

STT Ap |U§ tinh todn clia Chiéu cao lam viéc cta ban
nén dat, kPa moéng BTCTB15
1 <200 1/4 bng
2 200 ~ 400 1/3 bng
3 400 ~ 600 1/2,5 bng

4, KET LUAN

Bai toAn méng bang BTCT chiu luc cat trong tiét dién nghiéng
da dugc giai bang phuang phap giai tich chinh xac cho trudng hop
phan luc day mong phan bé tuyén tinh. K&t qua nay phu hgp cho
cac nghién ctu chuyén sau cling nhu cac bai toan doi hoi d6 chinh
X4c cao.

Tuy nhién, viéc thuc hién céc tinh toan kha phtc tap nén tinh
ung dung khéng cao trong diéu kién thuc hanh tinh toan, thiét ké.
Do d0, bai bao da dé xuat phuong phap thuc hanh véi cac gia thiét
don gian hoa viéc tinh toan, thién vé an toan. Phuong phap thuc
hanh dua ra tling budc thuc hién véi céc cong thic tinh don gian dé
nang cao tinh Gng dung. K&t qua nghién ctu clng chi ra rang, két
qua clia phuong phép thuc hanh c6 d6 chinh xac khé cao, 11% ~
33%, so vdi két qua clia phuang phap giai tich. Phuong phap thuc
hanh phu hgp cho cong tac tinh toén, thiét ké thuc hanh cling nhu
trong cong tac giang day, dao tao.

Nghién cuiu ciing dua ra dugc bang tham khéo cac gia tri cla
chiéu cao lam viéc clia ban méng bang BTCT chiu cat trong tiét dién
nghiéng tuang Ung vai ap luc tinh toan cta nén dat. Bdng tham
khdo nay c6 thé st dung trong céc thiét ké ca s& cling nhu céc lua
chon ban dau cho cac tinh toan, thiét ké chi tiét.
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