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Tém tat

Céu kién bé tong cdt thép chiu nén léch tim xién nhu cot, vach déng vai trd quan trong trong hé két ciu chiu
Iuc clia cong trinh nhim muc dich truyén tai trong ditng va mot phan tai trong ngang xudng méng. Do yéu cau
giai phap kién tric, tiét dién cot ngoai hinh ding don gian nhu hinh chi nhat, hinh tron con c¢6 nhiéu hinh dang
khéc nhu hinh chit L, hinh chit T, hinh da gidc. Trong nhiing trudng hop tiét dién phic tap viéc xac dinh kha
ning chiu luc ctia cdu kién bang céc cich tinh toan gidi tich thong thudng gip nhiéu khé khin. DE giai quyét
van dé nay phuong phap s da dugc mot sb tac gia dé cap t6i nhu mot gidi phdp hitu hiéu. Trong bai bdo nay,
nhém tic gia thuc hién nghién ciiu xdy dung phan mém tinh toan kha niing chiu luc ctia cAu kién chiu nén léch
tam xién c6 tiét dién bét ky theo phuong phép biéu do tuong tic trong TCVN 5574:2018. Mot s6 vi du tinh
toan dugc thuc hién va so sanh véi sb liéu tif phan mém ETABS d€ ddnh gia do tin ciy ctia chuong trinh.

Tir khod: cot; bé tong cbt thép; kha ning chiu luc; tiét dién bat ky; da gidc; biéu do tuong tac.

PROGRAMMING SOFTWARE FOR LOAD BEARING CAPACITY OF REINFORCED CONCRETE BI-
AXIALLY LOADED MEMBERS WITH ARBITRARY CROSS-SECTIONS BASED ON TCVN 5574:2018

Abstract

Reinforced concrete biaxially loaded members play an important role to transfer the vertical and horizontal
loads to the building foundation. Due to the architectural requirements, the cross-section shapes of these mem-
bers are not only in simple shapes such as rectangular, circle but also other shapes like L, T, polygons. In the
complex cross-section shape cases, it is difficult to determine the load bearing capacity of a column based on
analytical methods. The numerical solutions were referred by some authors as an effective tool for the cases.
In the paper, the author programs a software to calculate the load bearing capacity of biaxially loaded mem-
bers with artribary sections based on the interaction chart method in TCVN 5574:2018. Some examples are
implemented and compared with the data from ETABS to evaluate the accuracy of the program.

Keywords: column; reinforced concrete; load bearing capacity; arbitrary cross-section; polygons; interaction
chart.
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1. Giéi thiéu

Nhu ciu xay dung nha cao ting va nha siéu cao ting dang bung nd manh mé & Viét Nam, dic biét
& cac dd thi 16n nhu Ha Noi , TP. H6 Chi Minh, Pa Ning... Trong két ciu nay, hé théng cot, vach va
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16i cing 12 déng vai trd quan trong dé€ chiu toan bd tai trong diing va mot phan tdi trong ngang. Do
diéu kién mit bang va gidi phap kién triic, hinh dang cot khong chi don gian 1a hinh chit nhat, tron ma
con ¢6 nhiéu hinh d4ng khic nhu chit T, chit L, hop va da gidc. Viéc tinh toan kiém tra kha niing chiu
luc ctia cdt vach loai nay kho c6 thé giai chinh xdc bang phuong phap giai tich [1] do viing bé tong
chiu nén c6 hinh dang phiic tap. Trong thiét k& hién nay chii yéu thudng ding cic phAn mém nhap
kh&u nhu Etabs, Prokon, Csicol...tuy nhién nhiéu phan mém nhip khau chua c6 tiéu chudn thiét ké
cua Viét Nam TCVN 5574:2018 [2].

C6 khd nhiéu d tai trong nuéc nghién cifu tinh todn ciu kién chiu nén léch tim xién theo tiéu
chuén Viét Nam [3—7]. C4c nghién cifu ndy mdi chi ditng lai & viéc tinh toan cho cac cAu kién véi mot
loai tiét dién nhét dinh nhu chif nhat, chit L, chit T ma chua c6 thuit toan tdng quat. Trong xu thé hoi
nhap va diéu kién thuc té cla Viét Nam, nhu ciu dit ra can xdy dung phan mém thiét ké kiém tra cot
bé tong cot thép c6 tiét dién bat ky theo TCVN 5574:2018 [2]. Phan mém khong chi hd trg viéc thiét
ké Cot BTCT c6 tiét dién bat ky dugc an toan va hop ly hon, ma con la cong cu hitu hiéu trong nghién
cliu va giang day.

Tir nhiing vin dé trén, nhém tac gi tién hanh xdy dung thut todn va phin mém tinh toan cau kién
bé tong cbt thép chiu nén léch tim xién c6 tiét dién bat ky theo tiéu chudn TCVN 5574:2018 [2], ¢6
xét dén anh hudng ctia hién tugng udn doc. Phan mém dudc viét bang ngdn ngit 1ap trinh Embarcadero
Delphi, ki€ém chiing so sanh véi phan mém Etabs phién ban 2017 (Etabs 2017) [8]. Phin mém dugc
xdy dung c6 thé thay thé ciac phan mém nhu CSI-Col, Prokon trong tinh todn cot véch..., phat huy
dugc ngudn nhan lyc trong nude va tiét kiém chi phi ngoai té @€ mua phan mém nhap khau.

2. Co s6 xay dung thuit toan

2.1. Quan hé iing sudt bién dang ciia vdt liéu theo TCVN 5574:2018 [2]

Quan hé ting suét - bién dang ctia bé tong va cbt thép 1a mot trong nhiing chi tiéu quan trong nhét
trong viéc xac dinh kha ning chiu luc ctia két cAu. Trén Hinh 1(a) biéu dién quan hé inng suét — bién
dang ctia bé tong trong d6 R;, 12 cudng do chiu nén doc truc tinh toan ctia bé tong ddi véi céc trang
thai giéi han thit nhit; &, 1a bién dang co ngan tuong ddi clia bé tong; o1 = 0,6R,, tuong ting vdi bién
dang &p1; 052 = Rp, tuong ing véi bién dang &p0; €52 12 bién dang cuc han cda bé tong; Ej; 1a m6 dun
dan hdi ban dau cta bé tong khi nén va kéo. Trén Hinh 1(b) biéu dién quan hé ting suét — bién dang
ctia cbt thép trong d6 R, 1a cudng dd chiu kéo tinh todn clia cbt thép dbi véi cdc trang thai gii han
thd nhét; &, 1a bién dang tuong dbi ctia cbt thép; E, 1a md dun dan hoi ctia cdt thép.
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Hinh 1. Quan hé ting suit bién dang theo TCVN 5574:2018 [2]
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2.2. Cdc gid thiét tinh todn

- Tiét dién 12 phing trudc va sau bién dang. Gia thiét dugc sit dung dé tinh toan cAu kién chiu udn,
nén udn, dua trén gia thiét nay c6 thé tinh todn bién dang tai mot diém bat ky trén tiét dién theo bién
dang 16n nhét ctia bé tong viing nén va cdt thép trong viing kéo hoic nén it.

- Ung suét trong bé tong va cbt thép dudc tinh theo quan hé ting suit — bién dang dugc dua ra
trong TCVN 5574:2018 [2].

- Bé tong dudc gia dinh bi phd hoai khi dat t6i bién dang cuc dai. Theo TCVN 5574:2018 [2] khi
c6 tac dung ngan han cia tai trong, bién dang cuc dai d6i véi bé tong c6 cip do bén chiu nén tit B60
tré xudng &5, = 0,0035.

- B6 qua kha ning chiu kéo cuia bé tong.

- Hién tugng oan va xoan clia cot dude bd qua khi phan tich.

2.3. Mé hinh tinh todn xdy dung biéu do tuong tdc tiét dién bdt ky [9]

Xét tiét dién cot BTCT c6 bb tri trudc cot thép, cac dinh cot 1a cac diém A, As, Az, ..., A, va hé
truc Oxy v6i tim O trung véi toa do trong tam tiét dién cot. Moi thanh thép dude mo hinh bang mot
hinh tron c6 dudng kinh ¢ va dién tich A,. Phan bé tong dudc rdi rac héa thainh mot ma tran céc phan
tif biang nhau. Mdi phan tif trong ma tran 1a hinh vuong c6 kich thuéc d,, va dién tich d,%. Kich thuée
clia cac phan ti nay tuong d6i nho do vay c6 thé gia thiét rang ting suét trong phan ti dudc coi la phan
bd déu trong pham vi phan ti d6.
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(a) Mat cat tiét dién (b) M6 hinh phan tich bé tong (c) M6 hinh phan tich c6t thép
Hinh 2. M6 hinh tinh todn toa d6 biéu dd tuong tic
Noi luc do bé tong gay ra dudc tinh nhu sau:
N=)Y oc.d> M. =Y o.xd> M,=)Y o.vd (1)
cij%u> x = ciXiu> y = cijYi%
Q Q Q

trong d6 Q dai dién cho viing nén va x;,y; la toa do tuong ing clia cac phan ti bé tong.

2.4. Cdc budc xdy dung biéu dé twong tdc cot tiét dién bdt ky

Budc 1: Chudn bi dit liéu gdm kich thudc cot, b tri thép, thong sb vt liéu; Chon dinh nén 1a mot
trong cac dinh 1i ctia mit cat tiét dién;
Budc 2: Khdi tao truc trung hoa dai dién bdi hai tham sb géc xoay S va khoang céch x;
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Budc 3: Ung véi mbi vi tri ciia truc trung hoa, xac dinh dugc bién dang ctia phin ti dudc tinh todn
tif bién dang cuc dai ctia bé tong tai dinh nén:
X0 = Xij

Eci = —— &2 (2)
X0

Hinh 3. Khdi dong truc trung hoa

Dua vao quan hé ting suét bién dang dugc cho trong TCVN 5574:2018 [2] tinh todn dudc tng
suét trong moi phan tif bé tong va cbt thép nhu sau:

Phdn tit bé tong: Phdn tit cot thép:
op = Epep 3) oy = &E;
Khi 0 < g, < g Khi 0 < g < gy
Op1\ & — & o os1\ & — & o
O'b:[(l— bl) b bl 4 bl]Rb (4) O_S:[(l__sl) K s1 +_SI]Rs
Ry | &vo—€p1 Ry Rs)es0—€1 R
Khi gp1 < &, < g0 Khigg <g;<¢€p
op=Ryp 5 oy = 1.1R;
Khi gp0 < & < &2 Khi g > g5 = 0,015
Budc 4: Tinh todn toa do biéu do tuong tac:
m n
ij
N = O-cl]d”yd”x + Z AVkl sck1 sckl) + Z AYkZ sckz ©)
i=1 j=
m n
1J
M, O uy thx] + Z Aslq S‘Ck] xck )xkl + Z Asszmkzxkz (10)
i=1 j=1 k=1 k=1
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m n Pc P—Dc
— ij k1 ki ko
My =" ol duduyi+ ) Agy(fi, = o v + D As fi2 v, (11)
i=1 j=1 ki=1 k=1

trong d6 i, j 1a cac chi s6 d€ xdc dinh vi tri clia cac phan ti bé tong chiu nén; &y, ky 1a céc chi sb dé
xéc dinh vi tri clia cc thanh thép trén mit cit ngang; p 1a tong s thanh thép trén mit cat ngang; p.
1a tdng s6 thanh thép thudc vung nén trén mit cit ngang; x j»vj 1a toa do cua cac phan tif bé tong trén
mit cat ngang; xx, yx 12 toa dd clia cac thanh thép trén mit cit ngang; O'fikl 1a ing suit kéo ctia thép
trong vung chiu nén; fi-lk] , fskjkz
Trong md hinh nay, phan dién tich bé tong bi chiém bdi cbt thép dudc ké dén bing cach trir di ting
suit trong thanh thép mot lugng bing ting suit trong bé tong tai vi tri trung véi vi tri cia thanh thép.

12 ting sut clia thép trong viing chiu nén va chiu kéo ctia thép;

Diém dat lyc

(a) Tiét dién

Hinh 4. M6 hinh phan tich tiét dién cAu kién BTCT chiu nén léch tim xién

Buéc 5: Quay lai bu6e 2 tiép tuc tinh todn cho dén khi xdy ra hét tit ca cc trudng hop clia cot
chiu nén. Tir d6 xay dung dudc mit cong clia biéu do tuong tic.

3. So do thuat toan va giao dién phan mém

Dua vao cdc nguyén tic néu trén, nhém tc gia da xay dung thuét toan (Hinh 5) va phan mém may
tinh “RDcol” (Hinh 6) st dung ngdn ngit 1ap trinh Embarcadero Delphi. Phan mém c6 kh4 ning tinh
toan kha ning chiu luc ctia ciu kién bé tong cbt thép chiu nén léch tam xién c6 tiét dién bit ky. Ngoai
ra phan mém c6 giao dién song ngif tiéng Viét-Anh, c6 moi trudng nhap s6 liéu dd hoa va nhap tit
AutoCAD, két n6i doc ndi luc tit phan mém Etabs nén rit thuin tién trong nghién ctu — gidng day,
trong tu van thiét ké xdy dung cong trinh.
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Hinh 5. Giao dién ctia phAn mém

4. Kiém chitng phan mém

Nhoém téc gia kiém chiing do chinh xdc ctia phan mém RDcol bing cdch so sanh véi phan mém
Etabs 2017 [8] cho 5 loai cot c6 dién hinh: cot tiét dién vudng, cot dang véch, 16i thang mdy 1 budng,
cot tiét dién tron, cot tiét dién da gidc. Do TCVN 5574:2018 [2] dugc xy dung trén tiéu chuin Nga
SP63 [10] va trong Etabs 2017 [8] mdi chi ¢6 tiéu chudn TCVN 5574:2012 [11], nén nhém tac gia su
dung tiéu chuin Nga SP63 [10] c6 sin trong phan mém dé 1am cong cu kiém chiing RDcol.

Vit liéu clia cic tiét dién dudc 1ay nhu sau: Bé tong c6 Ry, = 18,5 MPa, thép c6 Ry, = 400 MPa
va Eg = 200000 MPa.

Bang 1. Thong s6 tiét dién cu kién kiém chiing

Tiét dién Kich thuéc tiét dién (mm) 0P P08 pe i iihép  Ham luong
bao vé (mm)
Cot vudng 1000 x 1000 25 16¢25 0,78%
Cot tron D800 25 16425 1,56%
Cot dang vich 300 x 1800 25 24425 2,18%
Cot da gidc 3960 x 4200 25 119420 0,39%
Loi thang mdy 1 budng 2500 x 3500 x 300 25 100420 1,07%

4.1. Cotvuong

- Céc diém giao v6i truc tung va truc hoanh, c 2 phan mém cho két qua tring nhau véi sai
50 4,0%.

- Piém c¢6 mo men 16n nhét thi sai sb tit 0,77% tai géc 0° dén 16,6% tai goc 45°.

- Vung biéu dd tit diém pha hoai can bang dén diém giao véi truc tung, dudng cong tuong tic
Rdcol nim duéi dudng cong tuong tic ctia Etabs 2017 [8].
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Hinh 6. Biéu do tuong tic ctia cot vudng

4.2. Cot tron

- Cic diém giao v6i truc tung va truc hoanh, ca 2 phan mém cho két qua tring nhau véi sai s6
nho, trung binh 1a 0,41%.

- Piém c6 md men 16n nhét thi sai s6 3,69%.

- Ving biéu do tir diém phd hoai can bang dén diém giao véi truc tung, dudng cong tuong tic
Rdcol niam dusi dudng cong tuong tic ctia Etabs 2017 [8].
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Hinh 7. Biéu d6 tuong tic ctia cot tron
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4.3. Cot dang vdch
- Céc diém giao vdi truc tung va truc hoanh, ci 2 phan mém cho két qua trung nhau véi sai sb
trung binh 12 3,47%.
- Di€m c6 md men 16n nhét thi sai s6 nho tir 0,47% dén 0,69%.
- Ving biéu do tir diém pha hoai can bang dén di€ém giao véi truc tung, dudng cong tuong tic
Rdcol nam dudi dudng cong tuong tic ctia Etabs 2017 [8].
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Hinh 8. Biéu d6 tuong tic ciia cot dang vach

4.4. Cot da gidc 3960
1980 ) 1980

- C4c diém giao v6i truc tung va truc hoanh,
ca 2 phan mém cho két qua tring nhau véi sai s6
nho 1,21%.

- Di€ém c6 md men 16n nhét thi sai sb nho tit
1,54%-2,21%.

- Ving biéu d6 tit diém phd hoai cin bang
dén diém giao vdi truc tung, dudng cong tuong tic
Rdcol nim dudi dudng cong tuong tic ctia Etabs
2017 [8].
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4.5. Léi thang mdy 1 buong

- Céc diém giao v6i truc tung va truc hoanh, l— 1480 -l-lOOO—L 1480 —l
ca 2 phan mém cho két qua trung nhau véi sai s6 , 3960 N
nho trung binh 1a 0,51%.

- Piém c¢6 m6 men 16n nhét thi sai s6 tir 0,27%
dén 5,75%.

- Ving biéu do tir diém pha hoai can bang dén diém giao véi truc tung, dudng cong tuong tic
Rdcol nidm dudi dudng cong tuong tac ciia Etabs 2017 [8].
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Hinh 11. Kich thudc tiét dién 16i thang mdy 1 budng
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Hinh 12. Biéu d6 tuong tic ctia 16i thang mdy 1 budng

4.6. Nhdn xét chung

- Biing phuong phép vé chdng biéu dd tuong tic (Hinh 7, 8, 9, 11, 12) cho thiy RDcol va Etabs
2017 [8] cho két qua trung nhau trong mién phd hoai déo véi sai sb trung binh 3,58%.

- Trong mién pha hoai gion, diém giao véi truc tung (vi tri Npax) 2 phan mém cho két qua sai
khéc nhd véi sai sb trung binh 1,92%, trong mién con lai sai khac 16n nhit 14,3%, dudng tuong tic
ctia RDcol nam phia dudi nén thién vé an toan. Két qua sai khac c6 nguyén nhan 1a roi rac héa mién
nén khong gidng nhau, trong Etabs 2017 [8] quan hé giita ing suét va bién dang ctia bé tong khi chiu
nén theo tai liéu huéng din khong néu ré thiét 1ap theo quan hé 2 doan thang, 3 doan thang hay dudng
cong phi tuyén.

- RDcol ¢6 uu diém cho phép ngudi ding can thiép dugc vao kich thudc ludi chia, mit cit doc
nén dé dang kiém soat & cac vi tri géc khac nhau.

- Qua két qua kiém ching cho thly RDcol c6 thé tin cdy dudc trong nghién ctu, giang day va
ki€m tra kha ning chiu luc ctia cAu kién chiu nén 1éch tAm xién c6 tiét dién bat ky.

5. Két luan va kién nghi

CAu kién BTCT chiu nén 1éch tAm xién c6 tiét dién bat ky nén viing nén c6 hinh dang phic tap,
cdc phuong phép tinh toan nhu gidi tich hay quy nén léch tam phang tuong ducng cho két qui c6
d6 chinh xac con han ché. Hién nay véi su trg gitip ctia mdy tinh va phuong phap biéu d tuong tac,
nhém nghién cttu da 1ap trinh duge phan mém RDcol d€ tinh toan xdc dinh kha ning chiu luc ctia
cAu kién BTCT chiu nén 1é&ch tim xién c6 tiét dién bat ky theo TCVN 5574:2018 [2]. Phan mém c6
do tin cy cao vi da dugc kiém chiing tinh diing din bang cich so sanh két qua v6i phan mém Etabs
2017 [8] thong qua 5 loai tiét dién dién hinh la: ¢t vudng, cot tron, cot vach, 16i thang mdy 1 budng,
cot da gidc. Can c6 thém nhiing nghién ctu thuc nghiém va mo6 phéng sb dé danh gid do tin cay cla
phuong phdp xic dinh kha niing chiu luc ctia cAu kién BTCT chiu léch tim xién c6 tiét dién bét ky.
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