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Abstract. Reinforced concrete columns are common and essential structural members in
reinforced concrete structures, such as building columns, bridge abutments, bridge piers, and
bridge pylons. The failure of a column can lead to progressive collapse throughout the entire
structure, causing significant human and economic losses. Therefore, reinforced concrete
columns are often designed with a greater strength reserve compared to flexural and shear
members. This study presents a method for constructing the M-P interaction diagram for
reinforced concrete columns with complex cross-sections according to TCVN 11823-2017.
First, the structural characteristics of reinforced concrete columns and the theoretical basis
for calculating reinforced concrete columns with complex cross-sections according to TCVN
11823-2017 are presented in detail. Next, two examples are provided to illustrate the
application of theoretical formulas in developing the M-P interaction diagram for reinforced
concrete columns with hollow circular cross-section and hollow oval cross-section. The
results show that the M-P interaction diagram of a column with a hollow oval cross-section
exhibits similar characteristics to the M-P interaction diagrams of conventional solid
reinforced concrete columns. This study is expected to serve as a useful reference for
researchers and engineers interested in the design and calculation of reinforced concrete
columns with complex cross-sections according to TCVN 11823-2017.
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Tém tat. Cot bé tong cot thép la loai cau kién phd blen va quan trong trong két cau bé tong
cbt thép, nhu cac cot nha, mb cau, tru cau va thap cau. Su pha hoai cta cot ¢o thé gay ra cac
pha hoai day chuyén trén toan bo két cau cong trinh, gay thiét hai 16n ca vé con nguoi va kinh
té. Do d6 cot bé tong cbt thép thudng duoc thiét ké c6 do du trlr strc khang 16n hon so véi
cau kién chiu uén va chiu cat. Nghién ctru nay trinh bay cach xay dyng biéu do tuong tac M-
P cho cac cot bé tong cht thép co tiét dién phirc tap theo TCVN 11823-2017. Dau tién, ddc
diém cau tao ctia cot bé tong cbt thép va co so 1y thuyét tinh toan cot bé tong cdt thép co tiét
dién phtrc tap theo TCVN 11823-2017 dugc trinh bay chi tiét. Tlep theo, hai vi du duogc trinh
bay dé minh hoa cach van dung cac cong thirc 1y thuyét dé xay dung bidu do tuong tac M-P
cho céc cot bé tong cdt thép co tiét dién hinh tron rong va hinh bau duc rdng. Két qua cho
thiy, cac biéu dd twong tac M-P cia cot c6 tiét dién hinh tron réng va hinh bau duc réng ciing
c6 cac dic diém twong ty nhu biéu d6 tuong tac M-P ctia cac cot bé tong cdt thép co tiét dién
dac thong thuong khac. Nghién ctiru dugce hy vong s€ 1a tai li¢u hiru ich cho cac nha nghién
ctru ciing nhu cac k¥ su quan tdm téi viéc tinh toan thiét ké cot bé tong cdt thép c6 tiét dién
phuc tap theo TCVN 11823-2017.

Tir khéa: cot bé tong cdt thép, biéu do twong tac M-P, tiét dién phirc tap.
@ 2025 Truong Dai hoc Giao thong van tdi

1. PAT VAN DPE

Ngay nay, cac cong trinh nha cao tang cung nhu cac cong trinh cau duong d3 va dang dugc
xdy dung ngiy cang nhiéu & Viét Nam dé phuc vu cho sy phat trién ngay cang nhanh ciia nén
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kinh té dat nudc. Két cau bé tong cdt thép voi nhiéu wu diém ndi bat, nhu kha nang chiu lyc
16n, d¢€ thi cong, it ton cong bao dudng va dac biét gia thanh ré do tan dung dugc vat li¢u va
nhan cong trong nudc, nén nd dang 1a dang két cau dugc st dung rat pho bien ¢ Viét Nam.

Cot bé tong cdt thép 13 mot loai cdu kién quan trong va phd bién trong két cAu bé tong cot
thép; n6 d& cac kiéu bén trén va truyén tai trong xudng nén mong cong trinh, nén né can dugce
quan tam dic biét trong qua trinh tinh toan thiét ké. Tiét dién ngang cua cot bé tong cbt thép co
thé c6 nhiéu hinh dang khac nhau, tir don gian dén phtec tap, nhu tiét dién tron, vuong, hinh chir
nhat, hinh da giac déu, hinh bau duc, vanh khén, chit nhat rdng, bau duc rdng,..., nhu thé hién
trong Hinh 1 dudi day.

Tron dic Chit nhat dic Béu duc dic

Tron réng Chit nhat rong Béu duc rong
Hinh 1. Mot vai ki€u hinh dang tiét dién ngang cot bé tong cot thép.

O Viét Nam, ngay sau khi thong nhat dat nuée, tiéu chuan thiét ké cau duoc ap dung 1a tiéu
chuan co tén goi “Quy trinh thiét ké cau cong theo trang thai giéi han”, c6 ma hiéu 22 TCN 18-
79 [1]. Tiéu chuan nay thuc chat dugc dich tir tiéu chuan thiét ké cau cua Nga ndam 1967 va c6
hiéu chinh mét s6 noi dung cho phu hop véi diéu kién Viét Nam. Do yéu cau ngay cang cao
ctia viéc hoi nhap véi thé gidi va vu diém cua tiéu chuan thiét cau cia My, nam 2005 Viét Nam
dé chinh thire bo tiéu chuén 22 TCN 18-79 va ban hanh tiéu chuan thiét ké cau méi voi ma hiéu
22 TCN 272-05 [2]. Tiéu chuan nay thyc chat dugc dich tir tiéu chuan thiét ké cau duong bod
cua MV, phién ban 1998 [3] va c6 hi¢u chinh mot s6 nodi dung cho phu hop véi diéu kién Viét
Nam. Tiéu chuén thiét ké cdu duong bo hién hanh cua Viét Nam la tiéu chuan c6 ma hiéu TCVN
11823-2017 [4]; tiéu chuan nay van dich tir tiéu chuan thiét két cau duong bd ciia My, nhung
da cap nhat dén phién ban mo1 hon cua ti€u chuan AASHTO LRFD:; d6 1a phién ban AASHTO
LRFD 2016 [5].

Viéc tinh toan thiét ké cot bé tong cdt thép chiu nén 1éch tim theo TCVN 11823-2017 [4]
thuong phai tinh 1ap kha phtrc tap va mét thoi gian. Dé thuan tién cho viéc tinh toan thiét ké,
nguoi ta thudng 1ap sin cac biéu dd twong tic M-P hodc biéu do twong tac M-P khong thir
nguyén cho cac dang tiét dién cot bé tong cdt thép khac nhau dé phuc vu cho viée tinh toan thiét
ké cot bé tong cdt thép chiu nén 1éch tam. Tuy nhién, trong cac gido trinh Két cau bé tong cot
thép [6-8] va trong cac tai liéu trg giup thiét ké két cdu bé tong ct thép thong thuong, nhu S6
tay thiét ké két cau bé tong cdt thép cua ACI [9], thi viéc xay dung biéu dd tuong tac M-P méi
chi dugc trinh bay cho cac dang tiét dién cot dic thong thuong 1a tiét dién hinh tron dic va hinh
chir nhat dac. Cac dang tiét dién cot khong thong thuong va phirc tap hon, nhu tiét dién hinh
bau duc dac, hinh tron r5ng va hinh bau duc r(~3ng van chua duoc trinh bay. Cling c6 mot vai
nghién ctru gan day vé biéu dd tuong tic M-P cua cot bé tong cbt thép [10-12], nhung cac
nghién ciru nay ciling chi thuc hién vai cot bé tong cbt thép co tiét dién thong thudng trong cac
diéu kién khac nhau. Nghién ctru ctia Thang va Ninh [10] trinh bay vé biéu do twong tac cta
cOt bé tong cdt thép ¢ nhiét d6 cao theo tiéu chuén Chau Au EC2, vdi tiét dién ngang dac, hinh
chit nhat. Trong nghién ctru cia Thien va Tung [11], cach x4c dinh biéu dd twong tac M-P cua
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c0t bé tong cot thép cd tiét dién tron dic, theo tiéu chudn ACI 318M-19 dugc trinh bay. Nghién
cuu cua Haddad va cong su [12] trinh bay cach xac dinh bi€u do tuong tac khong thir nguyén
cua cot bé tong cot thép, tiet dién dac hinh chir nhat, dugc gia cuong thép ban hodc thép goc.

Muc tiéu cta bai béo nay 1a nghién cru xay dung biéu d6 twong tic M-P cho cic cot bé
tong cot thép c6 tiét dién phuc tap theo TCVN 11823-2017 [4]. Bai bao duoc hy vong sé& 13 hitu
ich cho cac nha nghién ctru ciing nhu cac k§ su quan tdm t&i viée tinh toan thiét ké cot bé tong
cdt thép co tiét dién phire tap.

2. PAC PIEM CAU TAO CUA COT BE TONG COT THEP

Cot bé tong cbt thép la cAu kién thfmg dang, chiu tac dung cua lyc nén diing tam (nén doc
truc) hodc 1éch tam (nén doc truc va md men udn dong thdi). Cot bé tong cdt thép thudng gip
trong thyc té, nhu cac cot nha, mé cau, tru cau va thap cau. Do cac cot thuong 14 bo phan chinh
hay co ban trong toan bo két cau cong trinh, nén su pha hoai cta chung co thé gay ra cac pha
hoai ddy chuyén trén toan bd cong trinh, gy ra cac thiét hai 1on ca vé con ngudi 13n kinh té.
Ngoai ra, sy pha hoai ctia cot thudong khé nhan thay trude bang mit thuong hon so véi cac kiéu
phé hoai do udn va cit. Do d6, cot bé tong cdt thép thuong dugc thiét ké co do du trir strc khang
16n hon so véi cdu kién chiu uén va cat. Piéu nay dugc thé hién thong béng viéc hé sb stic
khang cho cau kién chiu nén (cot) thuong nhé hon so véi ciu kién chiu udn va cit.

Mit cit ngang cot bé tong cbt thép c6 thé co hinh dang bat ky theo yéu ciu vé ciu tao va
tham my. Tuy nhién, d6i voi cot chiu nén dung tam thi mat cat ngang nén chon sao cho ¢6 ban
kinh quén tinh theo cac phuong x4p xi nhau dé c6 lgi hon vé mit chiu lyc. Cac dang mat cét
ngang thuong gap d6i voi cot chiu nén diing tim 1a hinh tron, hinh da giac déu va hinh vuong.
D01 vi ¢t chiu nén 1éch tam (nén doc truc va udn két hop) thi tuy theo murc d6 1éch tam, mat
cit ngang cot s¢ c6 dang tuong tmg cho mat cit ngang cua cau kién chiu nén dung tdm hay ciu
kién chiu udn. Khi cot chiu nén véi do 1éch tam lon (thanh phan mé men udn 16m) thi tiét dién
ngang ct thuong c6 dang giong voi tiét di¢én cua céu kién chiu uén; va khi cot chiu nén voi do
Iéch tdm nho (thanh phan m6 men udn nho) thi tiét dién ngang cua cot thuong co dang gidng
v6i tiét dién ciia cAu kién chiu nén ding tam. Kich thudc mit cat ngang cot phu thudc vao do
16n cua tai trong va dugc xac dinh theo tinh toan. Tuy nhién, dé dé thong nhat van khuén va
thuan tién cho viéc thi cong, thi chiing ta nén chon kich thudc mat ct ngang cot 1a boi sb cua s
cm hodc 10 cm va khong nén chon mit cit ngang cot c6 kich thude canh nho hon 20 cm.

C6t thép trong cot bé tong cbt thép bao gdm cbt thép doc chit va cdt thép dai. Cot thép doc
chu 1a cdt thép dat doc theo chiéu dai cot, tham gia chiu lyc chinh cung véi bé tong cot. Khi
tinh toan thiét ké cbt thép doc chu, chung ta can cha y dén cac yéu cau vé ciu tao sau:

v' V6i cot chiu nén dung tam, cdt thép doc chu phai duoc bd tri d6i xtmg véi nhau quanh
truc doc cua cdt;

v Vi ¢dt chiu nén dang tam, ) luong cbt thép doc chu tdi thiéu cho cot c6 mit cit ngang
hinh chir nhat 1a 4, hinh tron (hodc tuong tu tron) 1a 6. Kich cd thanh cot thép doc chu tdi thiéu
la D1e6;

v/ Nén b tri cbt thép doc chii xung quanh chu vi tiét dién cot hay cang xa truc doc cau
kién cot cang tot;

v' Ham luong cbt thép doc chu pg, phai thoa man ham luong téi thiéu va tdi da duoc quy
dinh nhu dudi day; trong d6 A, 1a dién tich tiét dién cbt thép doc chii, 4, 14 dién tich tiét dién
nguyén cta cot, ;' 1a cuong do chiu nén quy dinh clia bé tong, va £, 1a cuong d6 chay quy dinh
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ctia cdt thép doc chi.

A
pst - AS[ Spsz‘ma)c - 0’08 (1)

4

Lo
) y 2

Viéc han ché ham luong ot thép doc chu t6i da nham dam bao cho cdt thép khong bi qua
nhiéu, anh huéng dén viéc do va dam chit bé tong. Trong thuc té, viéc dd va dam chat bé tong
cho cac cot c6 ham lugng cdt thép doc cha khoang 5% da 1a rat kho khan. Vi vdy, ham luong
cdt thép doc chu trong cac cot thuong duogc thiét ké 16n nhat 1a 4%.

A
pst = 2 pstmin = 0’]35

Viéc quy dinh ham luong cot thép doc chu tbi thiéu nham dam bao cho cot khong bi pha
hoai dot ngdt nhu dbi vé6i cac cau kién bé tong khong co cbt thép. Ngoai ra, cbt thép doc chu
clng gop phan lam giam anh huéng ciia co ngét va tur bién. Trong mot s6 truong hop, do yéu
cau kién tric hay ly do nao do, kich thudc mat cét ngang cua cot co thé dugc lay 16n hon rét
nhiéu so v6i yéu cau chiu luc; khi 6, ham luong cbt thép doc chu t6i thiéu c6 thé duoc giam
di. Tuy nhién, theo J. C. McCormac va R. H. Brown 2016 [8], ham lugng cot thép doc chu tdi
thiéu trong moi truong hop khong duoc 1y nho 0,5%.

Cot thép dai trong cot co tac dung lién két cac cot thép doc chu thanh khung cimng, gitr on
dinh cho c6t thép doc chi khi d6 bé tong va khi chiu tng suat nén, tham gia chiu lyc cat khi cot
chiu cit. Cot thép dai khi duge bé tri voi khoang cach kha nhod con ¢o tac dung can trd bién
dang ngang cua bé tong, lam tang dang ke kha nang chiu nén cua phan 18i bé tong cot. Cot thép
dai c6 hai kiéu 1a ¢t thép dai ngang va cdt thép dai xodn, nhu thé hién trong Hinh 2 duéi day.

.!_' __l'\\r_
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& gy B
oot dai xoin cot dai thudn g

Hinh 2. Hai kiéu b tri cdt thép dai cho cot bé tong cdt thép.

C6t thép dai ngang (dai thuong) co ciu tao dang khung khép kin v&i dau mut dugc neo voi
cdt thép doc chii bang cach udn goc 900 hodc 1350. Theo TCVN 11823-2017 [4], cdt thép dai
ngang duoc quy dinh nhu sau: Pudng kinh nho nhat d6i vé6i ¢t thép dai ngang 1a thanh D10
cho céc thanh cdt thép doc chit nhé hon hodc bang D32, 1a thanh D16 cho céc thanh cdt thép
doc chit D36 hodc 16n hon va 14 thanh D13 cho cac bé thanh. Cy ly gitta cac cdt thép dai ngang
khong duoc vugt qua kich thude nho nhét cta cot hodc 300 mm. Khi cbt thép doc chu 1a hai
hodc nhiéu thanh D36 duoc bo lai, thi cu ly giita cac cdt thép dai ngang khong duoc vuot qua
mot nira kich thudce nho nhét cua cot hoac 150 mm.

C6t thép dai xodn co cau tao dang 10 xo, 1am bang ¢t thép tron tron hodc ¢ go véi duong
kinh to61 thiéu D10. Cot thép dai xoan thich hop véi céc cdt c6 mit cat tron hodc tuong tu tron,
cling nhu ¢ cac vung chiu lyc nén cuc b 16n (vi du khu vuc dudi neo cap du ung luc) hodc cot
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& ving c6 dong dat. Khoang cach trong giita cac thanh c6t thép dai xodn khong dugc nho hon
25 mm va 1,33 lan kich thudc hat ¢t lidu 16n nht. Khoang cach tur tim dén tim cua céc cdt
thép dai xodn khong duoc vuot qua 6 1an duong kinh cdt thép doc cha va 150 mm.

3.CO SO TINH TOAN COT BE TONG COT THEP CO TIET DIEN PHUC TAP

Tuy thudc vao kich thudc mit cit ngang, chidu dai va lién két hai du cot, thi cot bé tong
cot thép co thé chia thanh cot ngén va c¢Ot manh. Cot ngén la ¢t khong bi mét on dinh trong
qué trinh chiu lyc va n6 chi bi pha hoai khi vat li€u cdt bi pha hoai do chiu lyc qua mirc. Ngugc
lai, c6t manh 13 cot bi pha hoai do bi mat 6n dinh khi chiu nén; dudi tac dung cua lyc nén doc,
cot bi bién dang ngang qua mirc, 1am cho mé men ubn doc bi tang 1én qua mirc va gdy pha hoai
c¢ot. Néu tim duoc phan mé men udn doc ting thém do cot bi bién dang ngang qua murc thi viée
tinh toan thiét ké cot manh sau d6 la tuong ty nhu dbi voi cot ngan (phwong phap khuéch dai
mo men). Trong thuc té, cot bé tong cot thép thuong gap la cot ngan. Trong nghién ctru nay,
tac gia chi trinh bay viéc tinh toan ddi voi cot ngan.

bé don gian trong qua trinh tinh toan thiét ké cot bé tong cot thép chiu nén léch tam,
nguoi ta thudng sir dung biéu do tuong tac M-P cia né. Biéu d6 tuong tic M-P ctia mot cot bé
tong cot thép thyc chat 12 biéu d6 bao kha ning chiu luc ciia ¢t khi do 1éch tim cua lyc nén
doc e thay d6i hay thuc chat 12 biéu d6 thé hién cac cip gia tri sttc khang (M,., P, 7) cua cot khi
do 1éch tam cua lyc nén doc e thay doi. Neu mot cdp luc nén doc tryc va mé men udn dong thoi
(My, R,) tac dung lén cot nam trong hoac nam trén biéu d6 twong tac M-P thi cot s& an toan va
nguoc lai néu cip gia tri (M, P,) nam ngoai biéu do twong tic M-P thi cot s& khong an toan
hay bi pha hoai. Trong phan ndy, co so 1y thuyet tinh toan ct bé tong cot thép theo TCVN
11823-2017 [4] duogc trinh bay voi cac dang tiét dién cot phic tap, bao gom tiét dién hinh bau
duc dac, tiét dién hinh tron rong va tiét dién hinh bau duc réng. Ciing cin no6i thém rang, nhimg
tiét dién duoc réng phuc tap dugc xem xét trong nghién ctru nay c¢6 do manh thanh vach khong
qua 16n va phuong phéap khéi tmg sudt nén hinh chit nhat tuong dwong cé thé dugc ap dung.

3.1. Tiét dién hinh bau duc dic
3.1.1. So d6 teng sudt bién dang & trang thdi giéi han

b L
0,003 0,851
Asl ds1y 1ds2 Es1 — f1As1
As2 e €52 =1 fs2As2 a2
y " ¢ h/2 c a gic
Asi | A L Egi : fsi.Asi
7 'Truc trung hoa I . jazcpr—
h © Tryc trong tdm

—_——ter—— . == —f— e

e} (@] dSIl

(@] O

(@] O

(@] O

(@] O

o] (@] €
Asn © 5 0 sn fsn .Asn
MAT CAT NGANG SO PO BIEN DANG SO PO UNG SUAT

Hinh 3. So dd ung suét — bién dang cua ¢t co tiét dién hinh bau duc dic khi chiu nén 1éch tam.
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3.1.2. Cac cong thirc co bdan

Tu phuong trinh can béng hinh chiéu cua cac luc 1én truc doc cét, ta xac dinh duogc strc
khéng nén doc truc danh dinh cta cot nhu sau:

Pn = 0’851:Ac _Z]FsiAsi (3)

Tur phuong trinh can bang mé men cua céc lyc doi véi truc trong tam clia mat cat, ta xac
dinh dugc suc khang uén danh dinh cua cot nhu sau:

M, =0,85fAY + Z fiA(d,—h/2) 4)

Cac gia tri l'mg,suét trong cac 16p cot thép foi 14 g suat kéo hay ung suat nén phu thuge
vao vi tri cua 16p cot thép tuong ing trén tiet dién va dugc xac dinh theo cong thure tong quat
sau:

d,—c
c

f.=g,E =0,003 E <f, 6))

Trong do, A, &Y 1a dién tich vung bé tong chiu nén twong duwong va khoang cach tur trong
tdm vung bé chiu nén tuong duong dén trong tam cua tiét dién, dugc xac dinh theo cac truong
hop nhu Hinh 4 dudi day.

b2 % /4 51 b2
¥ - __\T ~ ]
‘ Y
|
h - 7%,7 hpal
|
|
I .
'\‘.\ ‘ /« | f \./_’/
p N "{'/,/ ) N "{'
IR
Truong hop 1: a<=1b/2 Truong hop 2: b/2 <a <h-b/2 Truong hop 3: a>=h-b/2
Hinh 4. So d6 x4c dinh dién tich va trong tAm viing bé tong chiu nén twong dwong cho cdt c6 tiét dién
hinh bau duc dic.
Tur Hinh 4, ta dé dang x4c dinh duoc cac gid tri & a nhu sau:
b/2-a
0 = arccos (6)
b/?2
b/2—(h-a)
oL = arccos| ———— (7)
b/2

Céc gia tri dién tich vung bé tong chiu nén twong duong A, va khoang cach tir trong tam
vung bé tong chiu nén tuong duong dén trong tam tiét di¢n Y duoc xac dinh cho tung truong
hop nhu sau:

Trwong hop 1: a < b/2
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b .
A :Z(O—sme.cose) (8)
3
A.Y = i’—zsnf 0+4, (%—gj ©)
Truong hgp 2: b/2 <a < h—-b/2
2
4 =%+b(a—§j (10)
3 2
AC.Y:b—+ﬂ(ﬁ—9j+b(a—é](ﬁ—f—éj (11)
12 8 \2 2 202 2 4
Truong hgp3:a>h—b/2
b’ b’
AC:RT-I-b(h b)+x(oc sino.cosa) (12)
3 2
AC.Y:f—zsinow%(oc—sinoc.cosoc)(g—%] (13)

3.2. Tiét dién hinh tron réng
3.2.1. So dé teng suit bién dang ¢ trang thdi giéi han

p
0,003 i 0.85£;

—  L1Aa
¢ a——— C
/ Tructrunghod | la=cpl/ 153.As3

h | Truc trong tam | %_ _l
fﬂn-ASI’l
fSl’l-ASII
MAT CAT NGANG SO DO BIEN DANG SO PO UNG SUAT

Hinh 5. So d6 ung sudt — bién dang ctia cot co tiét dién hinh tron rong khi chiu nén léch tam.
3.2.2. Cac cong thirc co bdan

Cac cong thirc xac dinh strc khang nén doc truc danh dinh, strc khang u6n danh dinh va cac
gia tri img suét trong cac lop cot thép ctia cot 1a twong tu cac cong thire (3), (4) & (5) tuong Gng
d6i véi truong hop cot co tiét dién hinh bau duc dic & trén.

Trong do, A &Y 1a dién tich vung bé tong chiu nén turong duong va khoang cach tu trong
tam vung bé ch1u nén twong dwong dén trong tim cua tiét dién, duoc xac dinh theo cac trudng
hop nhu Hinh 6 dudi day.
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Truong hop 2: (h-h')/2 <a < (h+h'")/2

Truong hop 3: a >= (h+h')/2

Hinh 6. So dd xac dinh dién tich va trong tdm vung b€ tong chiu nén twong duong cho cot cod tiét dién
hinh tron rong.

Tu Hinh 6, ta dé dang xac dinh dugc cac gia tri 6 & 6’ nhu sau:

G:arccos(h/z_aj (14)

hl2

9':arccos{h/2_a} (15)
h'/?2

Céc gia tri dién tich vung bé tong chiu nén tuong duong A, va khoang cach tur trong tam
vung bé tong chiu nén tuong duong dén trong tam tiet dién Y dugc xac dinh cho tung truong
hop nhu sau:

Truong hgp 1: a < (h—h")/2

2

A4, =%(9—sin9.cose) (16)
h3
AC.Y:EsinW (17)
Trwong hgp 2: (h—h')/2 <a < (h+ h")/2
2 12
A :%(9—sinO.cosO)—hT(G’—sine'.cosO’) (18)
3 3
AC.Y:h—sinSG—h—sin39' (19)
12 12

Trwong hgp3:a> (h+ h')/2
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h2 12
A :X(O—sine.cose)—j.n (20)

4

3

AC.Yzh—sin39 (21)
12

3.3. Tiét dién hinh biu duc rong
3.3.1. So do irng sudt bién dang ¢ trang thdi gidi han

b B
0,003 0,85f
Asl | ds1i Tds2 sl —1  fs1.Asl
Asz/ &2 — fAg a2
dsi a| =
C c 1
2 1 c
Asi é// ;;// & ~— fsi.Asi
o /J/i_ZQIQC, tunghod | | |  / | pzceplTT—
O [e]
h| o | |Tructrongtam A = R
[e] [s] dSn
(o] <
o] <
O O
O ]
o N_ o
Asn g @ Esn fsnAsn

MAT CAT NGANG SO DO BIEN DANG SO PO UNG SUAT
Hinh 7. So d6 tng suat — bién dang cia cdt c6 tiet dién hinh bau duc rong khi chiu nén Iéch tam.

3.3.2. Cac cong thirc co bdan
Cac cong thirc xac dinh strc khang nén doc truc danh dinh, strc khang ubn danh dinh va cac

gia tri img suét trong cac lop cot thép ctia cot 1a twong tu cac cong thire (3), (4) & (5) tuong Gng
d6i véi truong hop cot co tiét dién hinh bau duc dic & trén.

Trong do, A &Y 1a dién tich vung bé tong chiu nén twrong dwong va khoang cach tu trong
tdm vung bé chiu nén tuong duong dén trong tam cua tiét dién, dugc xac dinh theo cac truong
hop nhu Hinh 8 dudi day.

T Hinh 8, ta dé dang xac dinh duoc cac gid tri 6 & ' nhu sau:

O—arccos(b/z_aj 22

bl/2 (22)

9'—arccos(b/2_a) 23
b'/?2 (23)

a:arccos{—b/z_(h_a)} (24)
b/2

a':arccos[b/z_—(h_a)} (25)
b2

Céc gia tri dién tich vung bé tong chiu nén tuong duong A, va khoang cach tur trong tdm
vung bé tong chiu nén tuong duong dén trong tam tict dién Y dugc xac dinh cho tung truong
hop nhu sau:
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Trwong hgp l: a < (b—b')/2

2

A :%(O—Sin 6.cos0) (26)
3 2
AC.Y=b—sin3O—I—b—(e—sine.cose)(ﬁ—éj 27
12 4 2 2
Trwong hop 2: (b—b")/2<a <b/2
2 12
4 :%(O—Sine.cose)—%(9'—sin6'.cos9') (28)
3 2
A‘,.Yzﬁ—zsiﬁ9+%(9—sin6.cose)(§—gﬂ
3 2 (29)
—{b—sin36'+b—(G'—sinG’.cosG')(ﬁ—éﬂ
12 4 2 2
Truomg hgp3: b/2 <a<h—-b/2
T b
A ==(b"=b")+|a-=|(b-b' 30
=5 (0707 [ 2]( ) (30)
33
AL,.Y=b AR (ﬁ—éj(bz b?)+ (a—éj[ﬁ—ﬂ—éj(b—b') (31)
12 8\2 2 202 2 4
Truwong hgp4: h—b/2<a<h—-(b—-Db")/2
2
A =[% b(h- b)—%(a sin aL. cosoc)}
) ) (32)
—[RZ +b'(h—b)—bj(a'—sina'.cosa')}
b’ b’ h b
A(,.Y:{Esifa+q(a—sina.cosa)(§—gﬂ
3 i (33)
—{b—sin3a'+b—(a'—sina'.cosa')(ﬁ—éﬂ
12 4 2 2
Trwong hgp5:h—b/2<a<h-(b—>b")/2
b b 2
A, =¥+(h—b)(b—b')—%(oc—sinoc.cosoc) (34)
3 2
AC.Y:f—zsin3a+%((x—sinoc.cosoc)(%—§j (35)

Ttr cac cong thire trén, khi cho chiéu cao viing bé tong chiu nén ¢ thay doi thi chung ta dé
dang xac dinh dugc vo sb cap gia tri suc khang (M, P.) va tir d6 ching ta vé duoc biéu d6
tuong tdic M — P cua cdt. Cling can chu y rang, stc khang nén doc truc cia cot dugc xac dinh
theo cac cong thirc trén bi gidi han bdi suc khang nén doc truc cia cot twong trng khi cot chiu
nén ding tam.
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[ Mo M7

Truong hop 1: a<=(b-b')/2 Truong hop 2: (b-b')/2 <a<=b/2 Truong hgp 3: b/2 <a <=h-b/2

b/2 @ b/2 W

7 Il

| |
h 2N h o :

7/4+7/7 77777777 7"7’774’%"7”77

| |

| |

7 Z
N t

b b
Treong hop 4: h-b/2 <a <=h-(b-b')/2 Trwong hop 5: a > h-(b-b")/2

Hinh 8. So d6 x4c dinh dién tich va trong tAm ving bé tong chiu nén twong dwong cho cot tiét dién
hinh bau duc rong.

L 350mm _

1500mm
%
5
8
=
=
)
(9]
(3]
800mm

O
O
_ 350mm L

Hinh 9. Mit cit ngang cot bé tong cdt thép tiét dién hinh tron rdng vi du.
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4. Vi DU AP DUNG

Trong phan nay, hai vi du xdy dung biéu d6 tuong tic M — P s& duoc trinh bay dé minh
hoa cach ap dung cac cong thirc ly thuy€t da duoc dua ra ¢ Phan 3, dong thoi cac két qua tim
thay tir bai bao nay ciing duogc so sanh voi cac két qua duge tim thdy tir phdn mém spColumn
dé xac thuc tinh hop 1y cua cac cong thire da dé xuét.

4.1. Cot bé tong cbt thép cé tiét dién hinh tron rong
Xay dung biéu d tuong tic M - P cho mot cot ngin bé tong cdt thép, co tiét dién hinh
tron rong nhu Hinh 9 bén dudi. Biét, bé tong cot co f; = 28MPa; cft su dung cot thép dai
thuong; cot thép theo ASTM A615M, ¢6 gidi han chdy f, = 420MPa.
Vian dung cac cong thirc dd duoc trinh bay trong Phan 3 & trén, ta vé dugc biéu d6 tuong
tac M — P cuia cdt bé tong cot thpp co tiet dién hinh tron rong vi dy nhu Hinh 10 bén dudi.
30000 ;
A —— Nghién ctru nay

25000 - g

—— spColumn

A' ~
20000

1

15000

1

P, (kN)

10000

1

1

5000

E

0 T T T T T T T 1
0 1000 2000 3000 4000 5000 6000 7000 8000

M, (kN.m)

Hinh 10. Biéu dd twong tac M — P ctia cOt bé tong cdt thép tiét dién hinh tron rdng vi du.

500mm 1600mm 500mm |
8@200mm=1600mm

I =]
g

g

o

g :
g 7 28 thanh D32 E
g 2 =
= ® F
o —_—

=

\\ N& \\ E

o

)

o)

8@200mm=1600mm

2600mm
Hinh 11. Mt cit ngang cot bé tong cbt thép tiét dién hinh bau duc rdng vi du.
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4.2. Cot bé tong cbt thép co tiét dién hinh bau duc rong

X4y dung biéu dd twong tic M - P cho mot ngin bé tong cbt thép, co tiét dién hinh bau
duc rong nhu Hinh 11 bén dudi. Biét, bé tong cot co f! = 28MPa; cot sir dung cot thép dai
thuong; cot thép theo ASTM A615M, ¢ gidi han chdy f, = 420MPa.

Van dung cac cong thirc d3 dugc trinh bay trong Phan 3 & trén, ta v& dugc biéu dd twong
tac M — P cua cot bé tong cot thép co tiét dién hinh bau duc rong vi du nhu Hinh 12 bén dudi.
40000 7
A —— Nghién ctru ndy
35000 1°~<

S —— spColumn
30000 4 e B

AI
25000

1

20000

1

P, (kN)

15000 A
10000 +

5000 -

E

0 2000 4000 6000 8000 10000 12000 14000 16000
M., (kN.m)

0

Hinh 12. Biéu dd twong tac M — P ctia cOt bé tong cdt thép tiét dién hinh bau duc rdng vi du.
4.3. Thao luin va danh gia

Tir céc két qua cua Hinh 10 & Hinh 12, ta thiy cac biéu d6 twong tic M — P cua cot bé
tong cot thép co tiét dién hinh tron réng va hinh bau duc rdng ciing ¢ cac dic diém tuong tu
nhu biéu do twong tic M — P cua cac cot bé tong cdt thép co tiét dién dic thong thuong khac,
do la:

v/ Khi strc khang nén doc truc P. giam dan thi stc khang ubn két hop M, ting dan va
nguoc lai trén doan AC. Nhung khi P, giam qua tri s strc khang nén doc truc twong tmg véi
diém C hay khi P. < P, (doan CE) thi ta thay khi P. giam dan thi M, ciling giam dén;

v/ Phan trén cua biéu dd tuong tic M — P c6 mot doan nam ngang (doan A’B) 13 do tri s6
P, bi gidi han trén béi sttc khang nén ctia ¢ft chiu nén diing tdm tuong tng.

Trén cac Hinh 10 va Hinh 12 ciing thé hién biéu d6 twong tic M-P dugc tim thay tir phan
mém spColumn. Két qua cho thdy biéu d6 twong tac M-P dugc tim thy tir nghién ciru nay va
tir phan mém spColumn 13 d6ng nhat tot v&i nhau. Nhu vay, cac cong thirc dé xuét trong nghién
clru nay la dang tin cay va hop ly.

5. KET LUAN

Nghién ctru da trinh bay dugc co so 1y thuyét tinh toan cot bé tong cdt thép co tiét dién
phuc tap theo TCVN 11823-2017, bao gom so do ung suat bién dang ¢ trang thai gidi han va
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cac cong thirc co ban cho cft bé tong cot thép chiu nén I¢ch tam co tiét dién hinh bau duc dic,
hinh tron rdng va hinh bau duc rong. Hai vi du cu thé ciing dugc trinh bay dé minh hoa cach st
dung cac ly thuyét tinh toan da dugc dé xuat dé xay dung biéu d6 twong tic M — P cho cac cot
c6 tiét dién phuec tap. Két qua cua nghién ctru s€ 1a tai liéu tham khao quan trong cho cac nha
nghién ctru cling nhu cac ky su cau quan tam dén viéc tinh toan thiét ké cot bé tong cdt thép co
tiét dién phirc tap bang phuong phap str dung biéu d6 twong tic M — P hodc phuong phap thong
thuong khac. Dé thuén tién hon nira trong viéc tinh toan thiét ké, cac nghién ctru tiép theo can
trinh bay thém phuong phap xay dung biéu do twong tic M — P khong thir nguyén cho céc cot
bé tong cot thép co tiét dién phic tap.
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