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Tinh todn kha niing chiu luc ctia cot bé téng cot thép co tiét dién hinh chi@
nhéit st dung mo hinh phi tuyén vt liéu theo TCVN 5574:2018

Thach S6m S6 Hoach', Lé Qudc Tién', Lé Thi Thu Hang'
! Khoa X4y dung, Trudong Pai Hoc Xay ding Mién Ty
TU KHOA TOM TAT

Cot bé tong cbt thép Chu kién cot bé tong cdt thép déng vai trd quan trong dé truyén tai trong cong trinh xuéng méng. Trong

bai viét ndy, tac gia lap trinh tinh todn kha ning chiu tai ctia c6t nén léch tAm xién c6 tiét dién hinh chit
nhat dya trén bidu dd twong tic sit dung mé hinh phi tuyén cta vét liéu theo TCVN 5574:2018. Ung

Kha néng chiu luc
Biéu dd twong tac
suAt nén cta bé tong dugc tinh to4n theo so dd ba doan thing va tng suit trong cbt thép duge xac dinh
tit bién dang theo so dd hai doan thing. Lap trinh VBA trong Excel duoc sit dung dé tinh toan va thé

M0 hinh phi tuyén ctia vat liéu

Miit cit ngang hinh chit nhat
hién céc mit phing ditng ctia bidu dd twong tic. Mot sé vi du dugce trién khai va so sanh v&i di liéu tiv
ETABS phién ban 2019 dé danh gia do chinh xac ctia chwong trinh.

KEYWORDS

Reinforced concrete columns

ABSTRACT

Reinforced concrete columns play an important role to transfer the loads to the building foundation. In

Load-bearing capacity the paper, the author programs to calculate the load-bearing capacity of bi-axially loaded members with

Interaction chart rectangular sections based on the interaction chart method by using non-linear material models in TCVN
Non-linear material models 5574:2018. The compressing stresses of concrete are calculated according to the trilinear diagram, and
Rectangular cross-sections the stresses in reinforcement are determined due to strains according to the bilinear diagram. VBA
programming in Excel is used to calculate and represent vertical planes of interactive charts. Some
examples are implemented and compared with the data from ETABS version 2019 to evaluate the

accuracy of the program.

1. it van dé thé hd trg viéc thiét ké cot bé tong cbt thép c6 tiét dién hinh chit nhat
an toan va hop ly.

Hién nay viéc tinh toan thiét ké két cAu bé tong cbt thép theo

TCVN 5574:2018 d thay thé cho TCVN 5574:2012. Mic dit dugc ban
hanh ndm 2018 nhung viéc tinh toan thiét ké theo tiéu chuén nay vin
con gip nhiéu khé khin, do con thiéu nhitng tai liéu huwdng din tinh
toan cu thé. Nhat 12 viéc tinh toan kiém tra kha ning chiu luc ctia cot
chiu nén léch tam xién khé c6 thé giai chinh xdc bing phuong phap
giai tich, do viing bé tong chiu nén c6 hinh dang phtc tap. Trong thiét
ké hién nay cha yéu thwong ding cic phin mém nhdp khiu nhu
Etabs, Prokon, Csicol... tuy nhién nhidu phin mém nhap khéu chua c6
tiéu chuén thiét ké cua Viét Nam TCVN 5574:2018 [9]. C6 khé nhidu
d& tai trong nuwéc nghién cifu tinh toan ciu kién chiu nén léch tim
xién theo tiéu chuin Viét Nam [1,2,3,4,5]. Céc nghién cu nay da
phin theo tiéu chudn TCVN 5574:2012. C6 rét it d tai, tai liéu huéng
dan tinh toan theo TCVN 5574:2018 [4,5]. T nhiing vén dé trén, tac
gia tién hanh xay dyng chwong trinh tinh to4n kiém tra kha ning chiu
lue ctia cAu kién bé téng cbt thép chiu nén léch tdm xién c6 tiét dién
hinh chit nhat theo mé hinh bién dang phi tuyén cua vat liéu dua trén
tiéu chudn TCVN 5574:2018. Chuong trinh duge viét bing 1ap trinh
VBA trén nén Microsoft Excel, kiém chifng so sanh v&i phin mém
Etabs phién ban 2019 [6]. Chuong trinh tinh todn dugc xay dung c6
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2. Co s& ly thuyét
2.1. M6 hinh vt liéu phi tuyén theo TCVN 5574:2018 [9]

TCVN 5574:2018 [9] c6 nhitng cai tién so véi TCVN 5574:2012
[8] l1a da dua ra mot cdch twong minh cédc dwong cong quan hé @ng
suét - bién dang ctia vat liéu bé tong va cbt thép, duoc don gian héa
theo cdc mé hinh vat liéu phi tuyén dang hai doan théng (MH2DT) va
ba doan thing (MH3DT) c6 thé d& dang 4p dung trong thyc té. Trong
bai viét nay tac gia chi trinh bay va 4p dung dang MH3DT dbi v&i vat
liéu bé téng va MH2DT d6i v6i cbt thép (Hinh 1 va Hinh 2).

[ e
Ohg=Opy= R po-mmmmmm g Cu=0u=R, § - r .
T, =06R, i | ?
arctan(£,) i ”C‘“:h(E‘] j
0 g, €0 £p3 &) 0 o b &
Hinh 1. MH3PT dbi v&i vat liéu Hinh 2. MH2PT déi v&i vat liéu
bé tong. cbt thép.
JOMC | 52



Tap chi Vat liéu & Xdy dung Tdp 12 $6 04 ndm 2022

MH3DT cta bé téng duge biéu dién qua céc biéu thite:

Khi 0 < ¢, < &, oy = &E) (€D)]
Khi ¢, < = _ b1\ (Ep=Eb1 ) 4 b1

p1 < & < Epo g, =|(1 %) \Epoenn + R R, (2)
Khi g,y < &, < &, o, =R, 3)

Trong d6: ey = 0,002; 01 = 0,6Ry; £y = 75 €z = 0,0035 a6i
v6i bé téng ning c6 cAp cudng d6 khéng 16n hon B60.

TCVN 5574:2018 khuyén cdo nén st dung MH2PT cho cbt thép
c6 gidi han chay thuc t& CB240-T, CB300-T, CB300-V, CB400-V va
CB500-V. MH2DT ctia cbt thép duge bidu dién qua cac bidu thitc:

Khi 0 < g < g 0, = &E 4

Khi g,y < &, < &, 0s = Rg (5)

Trong d6: €59 = Rs/Ej; €5, = 0,0025.

2.2. Cdc gid thiét tinh todn [5,9]

- Tiét dién 12 phing tridc va sau bién dang. Gia thiét duoc st dung dé
tinh toan cAu kién chiu uén, nén udn, da trén gia thiét nay c6 thé
tinh toan bién dang tai mot diém bét ky trén tiét dién theo bién dang
16n nhét ctia bé tong viing nén va cbt thép trong viing kéo.

- Bo qua kha néng chiu kéo ctia bé téng.

- Hién tugng odn va xodn ctia cot duoc bé qua khi phan tich.

2.3. Cdc buéce tinh todn xdy dwng mdt bidu dd twong tdc kiém tra khd
ndng chiu e clia cdt bé tong cbt thép tiét dién hinh chit nhdt [5]

+ Buwdc 1: Dit liéu dau vao: Kich thwde mit cit ngang cot C, x Cy, bb
tri thép cot, cac théng sb vat liéu, cac gia tri noi luc N, M,, M,. Chon
dinh nén 12 mét trong cac dinh ctia tiét dién.
+ Budc 2: Tinh toan céc thong sb:
eox = max(M, /N;H/600; C,/30;1cm)
eoy = max(M,/N; H/600;C,/30; 1 cm) (6)
Kox = ‘PLx(g:;i&ex) ey = ‘ﬂLy(z:;i5ey) @
Trong d6 ¢, ¢1,- hé s6 xét dén anh hwéng cla tai trong tic dung dai
han, 14y khong 16n hon 2; &8,, = eyy/Cy, 8oy = €gy/ Cyléy khong nhé
hon 0,15 va khéng 16n hon 1,5.
Do citng ctia cAu kién:
Dy = kpxEplpx + ksEslsy
Dy = kyyEplyy + ksEsl, ®)

Trong d6 E,, E lan lwgt 12 mé dun dan hdi clia bé téng va cbt thép.

e Inys Lo Isylén lvgt 1a mé men quén tinh theo hai phwong x, y cta
dién tich tiét dién 14y 1an lwgt d6i v&i bé tong va toan bd cbt thép doc.

Luc t6i han quy véc:

2Dy n2D,,

Nepy = Ki Nepy = Loy 9)
V6i Loy, Loylén lugt 13 chidu dai tinh todn cta cot theo hai
phuong x, y.
Hé s6 ké @én anh huwéng ubn doc:
1 1
e =8y =& (10)
Nerx Nery
M6 men khi ké dén anh hwéng ubn doc:
M; = NegTyi My, = Negyn, (11)

My, M, 1an lwot 13 mé men ubn xoay xung quanh truc x va y khi ké
dén anh hudng udn doc. Goi tana = M; /M.

Gié tri lvc doc giGi han:

Ny = @[Ry(Ap = Agor) + RocAsor] (12)
Ry, Ry, 14n luot 13 cdng d6 chiu nén tinh toan ctia bé téng va cbt thép.
Ap, Ag or 130 Iiigrt 12 dién tich tiét dién bé téng va dién tich toan b cbt
thép doc.
@ - hé sb phu thudc d6 manh cot, khi c6 tai trong ngin han dugc xac
dinh theo quy luat tuyén tinh v&i ¢ = 0,9 khi Lo/ max(C,, C,) =10 va
¢ = 0,85 khi L,/ max(C,,C,) = 10.
+ Budc 3: Chia nho phin ti cot, trong pham vi bai viét tac gia chia
nho céc phin ti theo hai phwong thanh n = 20 phin, mdi phan ti ¢
kich thuée theo phuong x va phuong y lan lwot 1a dx = C,/20 va
dy = C,/20. Tit d6 d& dang x4c dinh cdc toa dd x;,y; cia mdi phin ti
bé téng va cic toa db xy, v, clia cic thanh cbt thép.
+ Buwdc 4: Gia thiét truc trung hoa 13 dwong thing c6 phuong trinh
y =ax+b hay ax —y+ b = 0véi hé sb géc a = —1/tana va hé sb b
thay dbi.

Khoang cach tit dinh nén c6 toa d6 (X, Y) dén truc trung hoa:
_ lax-y+b|

do = Tom as
Khoang cich tit phan tf bé tong c6 toa do (x;, y;) va thanh cot thép cé

toa do (xy, yi) dén truc trung hoa 1an lugt 1a:

_ laxi=yj+b|l , _ laxg=yi+bl
dij = g e = o a4

+ Buwdc 5: Tit két qua tinh todn & buwde 4 va muc 2.1, Gtng véi mbi vi

tri ctia truc trung hoa, xac dinh duoc bién dang ctia phin ti duwoc tinh

toan tif bién dang cyc dai cta bé téng tai dinh nén: ¢;; = (d";:” ) &y (15)
Tit cong thite (15) xac dinh duoc bién dang va iing suit trong cac
ph?in t® bé téng va cac thanh cbt thép (Hinh 3): &y}, &5, Opij, O (trong
tinh toan bo qua ting suét kéo ctia bé tong).
+ Bu6c 6: Tinh toan xac dinh toa do ctia biéu dd twong tac
N =31, Y7o opdxdy + Xty A (for — o) + o1 Agefae (16)
M, =%, 27:1(%;‘;‘(19“13’)}’]‘ + X1 A (for —

Osi)Vie + Xoet AsicfsicVi 17)
M, = ¥, X0 (opydxdy)x; + Ty Age(fo —
Osi) X + Yiows Asicfsic Xk (18)

M= MEFIG (19)
Trong d6 i, j1a cac chi sb xac dinh phin ti¥ bé tong chiu nén, kla chi s6
x4c dinh vi tri thanh thép tht k,mla sb thanh thép thudc viing chiu
nén, pla sb thanh thép thudc vung chiu kéo, f;la Gng suét ctia cbt

thép, o,,la ng sudt kéo ctia ¢t thép ndm trong ving chiu nén.

Hinh 3. So' dd ting suét bién dang ctia cic phin ti¥ bé tong va cdt thép.
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+ Buw@c 7: Thé hién mit phing ding ctia biéu dd twong tac c6 gbe toa
dd 0(0,0) (mit phing ndy tao v&i mit zOx mét géc @), truc hoanh thé
hién kha ning chiu lgeM*, truc tung thé hién kha ning chiu lue N. Xac
dinh vi tri diém A(M,N)v6i Nla Iyc doc trong cdt va gid tri M =

[(Mp)2 + (M;)*v6i M;, Mjduge tinh toan nhu cong thite (11). Pudng

OA ct biéu dd twong tac tai B, hé sb kha ning chiu lyvc dwgc tinh toén:
OB
Co=22 (20)
Néu C, > 1két ludn cot dam bao kha néng chiu lyc va ngugc lai néu
C, < 1c6t khong dam bao kha néng chiu Iyc cin ting cudng cbt thép

hoc tiét dién bé téng.
3. Két qua va thao luan

Dua vao cic co s& 1y thuyét tinh todn néu trén, tic gia da lap
chuong trinh st dung VBA trén nén Excel dé thé hién biéu db twong
tac xdc dinh kha ning chiu Iyc ctia ot chiu nén léch tim xién c6 tiét
dién hinh ch nhét.

Téc gia di kiém chitng d6 chinh xdc ctia chwong trinh bing

cach so sanh v&i phin mém Etabs 2019 cho hai loai cot ¢6 tiét dién
hinh ch@ nhét va hinh vuéng. Do TCVN 5574:2018 [9] dugc xay dung
dva trén tiéu chuAn SP63.13330.2012 [7]1 va trong Etabs 2019 mé&i
chi ¢c6 TCVN 5574:2012 [8], nén tac gia st dung tiéu chuin
SP63.13330.2012 va vt liéu theo TCVN 5574:2012 c6 sin trong phin
mém dé 1am cong cu kiém chitng.
+ Vi du 1: Cho c6t tiét dién hinh chit nhat c¢6 kich thuée C, =
600 mm, C,, = 900 mm, chidu dai tinh todn cta cdt [, = 4200 mm, cdt
lam bing vat liéu bé tong c6 cAp cuong dd B20, thép doc chiu luc bd tri
theo phuong canh C,la 6 thanh thép ¢25, theo phiong canh C,la 9
thanh thép $25, loai thép CB300-V, chiéu day 16p bé tong bao vé a, =
30 mm. Noi Iyc tinh toén: N = 6500 kN, M, = 250 kNm, M,, = 400 kNm.
Cho a = 0°,30°,60° 90%0 sanh v&i phin mém Etabs 2019, dwoc cic
két qua nhu Hinh 4.

Biéu 45 trong tic phing N-Mx (0=0°)

Biéu dd trong tic phing N-M* (a=45")

Biu 46 tuemg the phing N-Mx (a=07)

0,34%

e 4000 .

——NMx ——Etabs2019

Biéu b twomg tac phing N-M* (a=607)

0,34%

—— MM ——Elabs2019

Hinh 4. So sanh biéu dd twong tic cot tiét dién hinh chit nhat
600 x 900 v6&i phin mém Etabs (Cac sai sb tai cac vi tri da ghi cha
trén hinh).

Hinh 5. So sanh biéu dd twong tic cot tiét dién hinh vudng 600 x 600

v6i phin mém Etabs (Cac sai sb tai cac vi tri dd ghi chd trén hinh).

+ Vi du 2: Cho c0t tiét dién hinh chi nhét c¢6 kich thuée C, =
600mm, C, = 600mm, chiéu dai tinh todn cta cdt l, = 4200mm, cdt
lam béng vat liéu bé tong cé cﬁp cuong do B20, thép doc chiu luc b
tri theo phuong canh C,la 6 thanh thép ¢25, theo phitong canh C,1a 6
thanh thép $25, loai thép CB300-V, chidu day 16p bé tong bao vé cbt
thép a, = 30mm.

N&i Iye tinh todn: N = 4000kN, M,, = 300kNm, M,, = 350kNm.

Xéc dinh dugc N, = 5921.68kN, M; = 250kNm, M;, = 433kNm.

Cho a = 0°,45° 60%0 sanh v&i phdn mém Etabs 2019, duoc cac két
qua nhu hinh 5.

+ Nhéan xét:

- P6i v6i cbt ¢6 tiét dién hinh chi nhat 600 x 900: diém giao véi truc
tung chwong trinh cho két qua gin nhu tring hop v6i phin mém
Etabs v&i sai s6 0.33%. Tai vi tri ¢c6 mé men 16n nhét sai sb gitta
chuong trinh v&i Etabs 16n nhét 13 8.74%.

- Dbi v6i cot ¢6 tiét dién hinh vubng 600 x 600: diém giao véi truc
tung chwong trinh cho két qua gin nhu triing hop véi phin mém
Etabs v&i sai s6 0.34%. Tai vi tri ¢c6 mé men 16n nhét sai sb giita
chuong trinh v&i Etabs 16n nhét 13 6.65%.

- P6i v6i ca hai vi du trén phin 16n dwdng cong tuwong tic clia
chwong trinh nim duéi dudng cong twong tac ctia Etabs 2019, do d6
chuwong trinh sé cho két qua an toan hon.

- Qua hai vi du dé kiém chitng so v&i phin mém Etabs 2019 cho thiy
chwong trinh ¢6 thé tin ciy duoc dé thue hanh tinh toan x4c dinh kha
ning chiu lie ctia cAu kién cot chiu nén léch tAm xién.

+ Tinh toan xéc dinh kha ning chiu lyc:
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- 86 liéu trong vi du 1: tinh toan dugc hé ) C, = % = 1.071, c6t dam

bao kha ning chiu lyc (Hinh 6).

Biéu Do Twrong Tac Trong Mat Phang Dimg
10000

E \\_’/

M*

Hinh 6. Xac dinh kha ning chiu luc ¢ot tiét dién chit nhat — Vi du 1.

- 6 liéu trong vi du 2: tinh toan dugc hé sb C, = 95 0.94, cot khong
dam bao kha ndng chiu lyc (Hinh 7).

0A

Biéu BB Tuang Tac Trong Mt Phang Dikng
7000

M*

Hinh 7. Xac dinh kha ning chiu Iyc cot tiét dién vudng — Vi du 2.

4, Két luan

Cac phuong phap tinh toan ciu kién bé téng cbt thép chiu nén

léch tam xién nhv giai tich hay quy nén léch tdm phing twong dwong

cho két qua c6 do chinh xac con han ché. Hién nay, véi sy trg gitp

clia méy tinh va phuong phap bidu d6 twong tic, tic gia da lap

chwong trinh dé tinh to4n xac dinh kha ning chiu lue cta ciu kién
BTCT chiu nén léch tim xién c6 tiét dién hinh chi nhat theo TCVN
5574:2018. Chwong trinh dd dugc kiém ching tinh ding din bing

céch so sanh két qua véi phin mém Etabs 2019.
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