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Nghién cuu tinh toan cét manh bé téng cét
theép chiu nén léech tam phang theo tieu chudn
TCVN 5574:2018, EC2:2004 va ACI 318:2019

Research and calculation of slender reinforced concrete columns subjected to uniaxial

eccentric compression in accordance with TCVN aa74:2018, EC2:2004 and ACI 318:20(9

>TS TRAN VIET TAM

Nhom chuyén mén Céng trinh Bé téng c6t thép, Trudng Dai hoc Xay dung Ha Noi

TOM TAT

Trong ket cau bé tang cdt thep (BTCT), cat chiu nén lech tam |3 céu
kign quan trong, co nhiém vy truyén tai trong xuding mang va dang
vai tro quygt dinh ddi vai sy dn dinh va khé nang chiu lvc cia toan
cing trinh. Khi chiu cao hitu higu cia cat lén so vai kich thude tigt
dién ngang, cgt ca xu hueng mét 6n dinh udn doc truc, dong thi
higu tng béc hai (P-A) trir nén dang ke. Cau kién cat BTCT nhir vay
duoc goi la cot manh (slender columns); vigc tinh toan va thigt ke
|oai cat nay can xét dén cac higu ¢ng bac hai nham danh gia chinh
xac kha nang chiu lyc va ddm bao an toan cho cang trinh.

Thue té thigt ke hign nay. do yéu céu vé kign tric va khang gian sir
dung, céc dang cat manh nhu ct sénh, cit thong tang duge &p dung
ngay cang phd bign. Tuy nhién, theo TCVN 9574:2018 (1), d6 manh
cia cit nha bé tang cdt thép duge gisi han khang vugt qua 120, gidi
han nay kha lén, digu nay dat ra nhitng thach thic trong vige lra
chon tigt dién va danh gia kha nang chiu lyc coa cat manh, dic bigt
ddi v cac cang trinh ca yéu cdu kign tric dic tha.

Bai bao trinh bay phueng phép tinh toén cat manh be tang cdt thep
theo tigu chudn TCVN 5a74:2018, EC2:2004 (3] va ACI 318-2018 3],
dang thiri khao sat va dé xudt mat sd khuy&n nghi trong thigt ke dai
viri loai cat nay.

Tir khoa: Cat méanh BICT: TCVN 54742008, ECZ:2004; ACI
318:201; kha nang chiu lyc; da manh; higu ing bac hai; dn dinh; léch
tam; udn doc.

ABSTRACT

Eccentrically loaded columns are important structural elements in
reinforced concrete structures, responsible for transferring loads
to the foundation and ensuring the overall stability and load-
carrying capacity of buildings. When the effective height of a
column is large relative to its cross-sectional dimensions, second-
order effects (P-A effects) become significant, leading to flexural
instability. Such members are classified as slender columns, and
their design requires proper consideration of these effects.

In current design practice, driven by architectural and functional
requirements, slender columns such as lobby columns and multi-
storey columns are increasingly adopted. However, TCVN
0a74:2018 limits the slenderness ratio of reinforced concrete
columns to 120, which creates challenges in cross-section
selection and strength assessment for structures with demanding
architectural layouts.

This paper presents a calculation procedure for slender reinforced
concrete columns in accordance with TCVN aa74:2018, EC2:2004
and ACI 318:2019. A comparative evaluation of the two standards is
carried out, and practical recommendations are proposed to
support the design of slender reinforced concrete columns.
Keywords: Slender reinforced concrete columns; TCVN aa74:2018;
EC2:2004; ACI 318:2019 load-carrying capacity; slenderness ratio;
second-order effects; stability; eccentric loading; flexural buckling.

1.DAT VAN DE

Cot la cau kién chiu luc theo phuong ding trong két cdu céng
trinh. Theo déc diém hinh hoc, cot |a cau kién c6 chiéu cao tiét dién
khong I6n hon bén lan chiéu rong tiét dién, dong thai chiéu dai cau
kién it nhat gap ba lan chiéu cao tiét dién; trong trudng hop ngugc
lai, cdu kién c6 thé dugc xem la vach. V& co ban, cot chu yéu chiu luc
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nén doc truc, tuy nhién trong nhiéu trudng hgp con phai chiu moé
men udn va luc cdt do &nh hudng cla tai trong ngang nhu gi6, dong
dat...

Trong két cdu khung nha, cot c6 nhiém vu tiép nhan tai trong tu
dam, san, tai cac tang phia trén va truyén tai trong nay xuéng cac
tang phia duéi va nén cong trinh théng qua két cdu mong. Do dé,
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néu cac cau kién chiu nén nay khong dam bao kha nang chiu luc, co
thé dan dén mat 8n dinh cuc b va pha hoai toan bd cong trinh.

Khi cot BTCT c6 d6 manh I6n (c6t manh BTCT), anh huéng cta
bién dang ngang va hiéu Uing bac hai (P-A, P-8) lam ting dang ké
ndi luc va chuyén vi ctia cot khi chiu tai trong nén. Khac véi cot ngén,
kha nang chiu luc ctia c6t manh khong chi phu thudc vao cuong dé
vat liéu va tiét dién ma con phu thudc nhiéu vao do cing, chiéu dai
tinh toan va diéu kién lién két hai dau ctia cot.

Hién nay, do yéu cau vé kién tric va khéng gian sir dung, cac
dang c6t manh nhu cot sanh, cot théng tang dugc ap dung ngay
cang phé bién. Tuy nhién, theo TCVN 5574:2018, &6 manh gii han
clia c6t nha dan dung la 120, gidi han nay la I1&n, dat ra nhiing thach
thuic trong viéc lua chon tiét dién va danh gia kha nang chiu luc ctia
c6t manh, dac biét déi vai cac cong trinh c6 yéu cau kién tric dac
thu.

Bai bao trinh bay phuong phap tinh todn cét manh BTCT theo
tiéu chudn TCVN 5574:2018 [1], EC2:2004[5] va ACI 318:2019 [3],
khao sat cac trudng hop tinh toan, tir d6 c6 nhiing kién nghi dé xuat
khi thiét ké déi véi cau kién nay.

2.SU LAM VIEC CUA COT MANH

DO manh ctia cu kién chiu nén anh hudng dén ca ting xtr ngan
han va dai han, va gay ra hiéu ting bac hai - tuc la tang thém mé men
trong cau kién do d6 véng. Hiéu ting nay c6 anh hudng rat dang ké,
vivay can phai xem xét dén chuing khi thiét ké cac cau kién chju nén.
Hinh 1 thé hién hai loai hiéu (ng bac hai gém hiéu Ung téng thé
(P.A) va hiéu ing cuc bo (P.5).

T

Hinh 1. Hiéu ting bac 2 tdng thé va cuc bd clia c6t ménh

Khi c6t manh BTCT chiju tai trong dai han, qua trinh Uing xt clia
c6t manh qua 3 giai doan (Hinh 2) cu thé nhu sau:

- Giai doan 1: Dudi tac dung cla tai trong ban dau, d6 cing
ngan han chi phéi tng x cta cét. M6 men can thiét (momen
demand) d6i véi cot manh sé [6n hon so véi cot ngan khi chiu cing
mot tai trong va do léch tam, do dnh hudng cla hiéu tiing bac hai.

- Giai doan 2: Khi cot chiu tai trong dai han, tur bién ctia bé téng
lam gidm d0 ciing clia cot, tir d6 tang hiéu Ung bac hai. Do d6, moé
men can thiét tang Ién du luc doc truc khéng déi.

- Giai doan 3: Trong thuc té, cac cot théng thudng khong bi pha
hoai ngay duéi tai trong dai han, va & giai doan nay, cot van con kha
nang chiu lyc du (residual capacity) sau khi chiu tai trong dai han.
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Hinh 2. Ung xi cia cdt chiu nén lach tam phang

DPudng cong mé men - luc nén t6i han (biéu d6 tuang tac) duoc
vé trong Hinh 3 cho cac cot c6 dd manh khac nhau, cac cét nay chju
tai nhu dugc trinh bay trong Hinh 2 véi cung d6 léch tam dau cét e.
DPudng cong mé men tai diém O-A d6i véi mét cot tuong d6i ngén
thi gan nhu giéng véi dudng P.e. BGi vGi mét cot co chiéu dai vira
phai, dudng O-B, thi d6 léch trg nén dang ké, lam gidm tai trong téi
han, cot sé bi pha hoai khi dudng cong mé men - ti trong cat biéu
d6 tuong tac tai diém B. Cot khi d6 bi "Pha hoai do vat liéu" va day
la dang pha hoai cla cac cdt trong hé két cdu khung giang. Néu cét
quéa manh, bién dang uén A 6 tién téi vo han. Khi dé cot tré nén
khéng 6n dinh vi bién dang uén 16n, dang pha hoai nay dugc biét
nhu 1a "Pha hoai do mat én dinh" xu4t hién véi nhiing cét gidng
qua manh hodc nhitng cét manh trong cac khung khéng cé6 hé
gidng.
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3. TINH TOAN COT MANH THEO CAC TIEU CHUAN

3.1. Tiéu chuan Viét Nam TCVN 5574-2018 [1]

Tiéu chudn TCVN 5574:2018 khéng dua ra khai niém vé cot
manh, chi c6 diéu kién han ché vé dd manh, tiéu chuin quy dinh do6
manh cOt A < Agh (Agh la gidi han d6 manh cho phép vai cét, nha dan
dung la 120, va c6t trong cac cong trinh khac la 200). Viéc ké dén
anh hudng ctia dd manh (uén doc) dén kha nang chiu luc cla cot
bang cach nhan gia tri do 1éch tam eo v&i hé sé n.

+ Khi A < 14 ¢6 thé bé qua anh hudng ctia uén doc, ldy n=1;

+ KhiA > 14 tinh n nhu sau:n =

8
N

Trong do:
- Ne: luc t6i han quy udc, dugc xac dinh theo céng thic N, =

2D 2)

L3
- D: d6 cling cha cdu kién BTCT & trang thai giGi han vé d6 bén D
= kbEb|+ksEs|s. (3)
-1, I m6 men quén tinh cla tiét dién bé tdng va cla toan bé cét
thép doc déi vai trong tam tiét dién ngang. Vi tiét dién chr nhat
b6 tri cot thép véi ham lugng p (%) thi: I=bh3/12; Is = pbho(0,5he-a)2.

N X a1 L 015
- ks: Hé sO clia cOt thép lay bang 0.7; k;, = 0315 (4)

- 8¢ Hé s6 ké dén do léch tdm tuong doi cda luc doc Se=eo/h 1ay
trong khoang 0,15 va 1,5.

- L Hé s6 ké dén anh hudng cda thai han tac dung cla tai trong
o,=1+ “:TL <2. ()

L

- ML, Mwi: Cdc m6 men déi véi trong tam cda thanh thép chiu kéo
nhiéu nhat hodc chiu nén it nhat (khi toan bo tiét dién chiu nén) do
tdc dung cuda toan bo tai trong (tai trong thudng xuyén va tam thoi
dai han).

My = Mgp + Nag (g - a’) (6)
M =M+N(2-a) %)
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So d6 khai tinh cac budc tinh hé s6 anh hudng uén doc n clia cot
chiu nén léch tdm phéng nhu hinh 4, tinh toan cét thép va kiém tra kha
nang chiu luc clia cét ban doc xem trong tai liéu tham khao [8].
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Hinh 4. S¢ khi tinh hé s6 anh hugng udn doc n clia cot theo TCVN 5574:2018

3.2.Tiéu chudn chau Au EC2:2004 [5]

Tiéu chudn EC2 tinh c6t dugc coi la cot manh (slender column)
khi A > Amin,cOn lai 13 cot ngan (short column). Do manh gigi han Amin

cla cét dugc xac dinh theo céng thuc:
20A-B-C
Aim = =7 (8)

Trong d6: - A, B, C: Cac hé s6 dugc xac dinh theo cong thuc:

1
A—m, B—\/1+20), C—1,7—Tm
)
- @ef 2 la hé s tir bién
Moy Nga Asfyd

- =—n= = 10

Tm Mozn Acfcdw Acfea (10)
- Mo1, Mo2: 1a MGmen 2 dau cot.
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a) Mémen bdc nhdt b) Mémen thircdp  ¢) Mo men tong
Hinh 5. Biéu d6 md men trong cot manh
M6 men udn lam cho cau kién chuyén vi theo phuong vuéng géc
VGi truc doc tao ra mé men thit cap Ma. Xét 1 ¢ét chiu nén c6 mé men
2 dau cot 1a Mbot va Miop thi mo men thiét ké Mes dugc 1dy nhu sau:

= =

i EAf
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Mes=max (Moz; Moe+M2; Mo1+0,5M>). (11

Moi=min (Mbot; Mtop) + €aNEkd. (12)

Moz=max (Mbot; Mtop) + €aNEkd. (13)

Moe=€0Ned; M2=e2NEd. (14)

Trong do:

€.: D6 l1éch tam ngau nhién es=max (0,5vLo; h/30; 20mm) véi v =
> L (15)

100VL — 200
e01: D0 léch tam tinh hoc eo1= Mo1/NEa. (16)
2
ex Do lech & trang thai phé hoai e, = K, K, %(;:—:d).(m
KiHess Ky =1+ (035 +1% - Zyp . (18)

ber. H& 56 tir bién higu qua tinh theo e = (0, £g) S222(19)
OEd
¢(0,t0): hé s6 tir bién cudi cling, (t =) khi tai trong tac dung &
thoi diém to.
Moz md men uéh trong t6 hop tai trong & trang thai gi6i han vé
cuong do.

Ko He s6 K, = ~ua=Ned 9 (20)
Nug—Npai
Nug: luc téi han cda cau kién khi chiu nén ding tam: N, =
fchc + fydAsc- (21)
Nbal khi c6t thép b tri d8i xting c6 thé tinh theo cong thic gan
dl’]ng: Nbal = 0,164deAC. (22)
0 i
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a)  Cfttrong khung gidng
Hinh 6. Biéu d6 mo men trong c6t manh
So do6 khoi tinh cac budc tinh mé men thiét ké Meq da tang do anh
hudng clia d6 manh ctia ¢t nhu hinh 7, tinh toan c6t thép va kiém tra
kha nang chiu luc ctia c6t ban doc xem trong tai liéu tham khao [8]

b) (ot trong khung khdng giding
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Hinh 7. So khdi tinh md men tang thém cla cot manh theo EC2: 2004
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3.3. Tiéu chuan ACI 318-19[3]
3.3.1. Diéu kién vé dé6 manh cta cét
- DG véi cdu kién chiu nén c6 giang chéng chuyén vi ngang:

Mu < 34 4 128y Hu < 40 (23)
r My” T
- D8i véi cau kién chiu nén khéng c6 gidng chéng chuyén vi
ngang:% <22 (24)
Trong do:

K: Hé s6 chiéu dai ctia cot; lu: 1a chiéu dai (thong thay) cta cot;

r:1a ban kinh quan tinh; M;va Mz la mé men 2 dau cét.

3.3.2. Tinh todn mé men tdng thém trong cét manh

- BGi vdi cot trong khung gidng

Cac cot phai dugc thiét ké cho t8 hop cac tai trong doc truc co
hé s6 Py va cac mé men c6 hé sé da khuéch dai M, = §,,M,(25)

Trong do:

8ps: Hé s6 khuéch dai mé men dung dé tinh dén cac hiéu tng
bac hai dugc xac dinh theo cong thic:

S =—m>1.0 (26)

_Pu =
$Pc
Cm: Hé s6 lién quan dén biéu d6 md men thuc t& va biéu dé6 mo

men tuong duong phan bd déu:

Cm = 0,6 — 0.472 (27)
2
- Déi véi cot trong khung khéng giang
My = Mypg + 65 My (28)
My = Maps + 8;Mas 85 = —5— (29)
$Pc

Trong do:

Mins, Mzns,: M6 men 2 dau cét clia trudng hgp tai trong khong
gay chuyén vi ngang dau cét (Tinh tai, hoat tai s dung...);

Mis, Mas,: M6 men 2 dau c6t cda trudng hop tai trong gay chuyén
vi ngang dau cét (Gio, déng dat...);

8- hé s6 anh hudng udn doc lam ting mé men cua cot.

S6 d6 khai tinh cac budc tinh M6 men thiét ké M. da tang do anh
huéng cia dd manh ctia cot nhu hinh 8, tinh toan cét thép va kiém
tra kha nang chiu luc cla cét ban doc xem trong tai liéu tham khao
(8]

Eai di

= it Aol 3 O ko
. o B
= =t 5 0&d
| il

' i
TAEN) Tl
Ewijry, T
FAEM i LB E
¥, " e Vo=t
T, TiEhL

Tem b wh o Frimg badin 84

Bachowams i e Lomml

Tirs bt 5ats b W 4l
Frchowren va Slowclarad

3
T -
—p? - L TR T
v ~
2 - S
| ik acuden i b |
2 r n
DAL AL L
et T}, = 'l
11, A T
B2 L QIEL +EL
A, - (& =
I=d, I= i
[ | [ ]
') ) =
N TR e
|
1 *
| ), £ 1,

' LA
7 ) o] AL,
{ar
v
- 1 (] .
. e
W
i, T3
LT Ay, . of, L3
Af AF i o AL
LT3 waany Al 0 ra e,

T B R S

Timeh e e e |~

Hinh 8. So khdi tinh md men téng thém la c.ét manh theo ACl 318:2019

4. KHAO SAT KHA NANG CHIU LUC CUA COT MANH THEO
CAC TIEU CHUAN
4.1.Baitoan 1
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Hinh 9. Tiét dién ot C-2.
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Hinh 10. So d6 khung phang BTCT

Kiém tra kha nang chiu luc clia cot C-2 c6 tiét dién va bé tri c6t
thép nhu hinh 9 thudc khung phéng BTCT (Hinh 10), vat liéu khung
bé téng B30; nhom c6t thép CB400-V theo 3 tiéu chudn TCVN
5574:2018, EC2:2004 va ACI 318:2019. Tai trong gié duogc tinh theo
TCVN 2737-2023, hé s t8 hgp tai trong dugc ldy tuong Ung vai
TCVN 2737-2023, ACI 318, ASCE 7-22 va EC0-2002.

Bang 1. Ty s6 kha nang chiu luc ctia cft (D/C) bai toan 1

Tiéu chudn | TCVN5574:2018 | ACI318:2019 EC2:2004
Hé s6 D/C 0,942 0,943 0,935
B
e 5= T

Hinh 11. Biéu d6 tuong téc ctia cdt bai todn 1
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Tu Bang 1 va Hinh 11 cho thay két qua kiém tra kha nang chiju
lyc clia cot thong qua ty s6é Demand/Capacity (D/C) gilta céc tiéu
chuén c6 sai khac nhé.

4.2, Bai toan 2

So dé khung va tiét dién thép cot gidng bai toan 1; diém khac la
tai trong gi6 va hé s6 t6 hgp tai trong dugc 1ay tuang Ung véi TCVN
2737-2023, ACI 318, ASCE 7-22 va EC0-2002.

Bang 2. Ty s6 kha nang chiu luc ctia ¢t (D/C) bai toan 2

Tiéu chudn | TCVN 5574:2018 ACI 318-19 EC2-2004
Hé s6 D/C 0,676 0,733 0,960
. RERT s TS T 100N 33 % i MIEY R0 PLWG DA TS AL 5 e
- A I %

B e LR AR W R 00 3

Hinh 12. Biéu d6 tuong tac cta cot bai toan 2

K&t qua kiém tra kha nang chiu luc cta cot cho thdy tinh theo
tiéu chudn EC2-2004 cho ty s6 D/C 16n hon TCVN 5574-2018 Ia
29,58% va ACI 318-19 la 23,65 % cé nguyén nhan chinh la khi tinh
gio6 theo EC1-4-2002, hé sé ce(z) 16n hon so véi TCYN 2737-2023 va
ASCE 7:2022.

4.3.Baitoan 3

Lap bang tinh va khao sat c6t manh BTCT chju nén léch tam
phang theo tiéu chudn TCVN 5574:2018; ACI 318:2019 vdi luc
nén doc truc Ian lugt P=(0,7;0,5;0,3)Pmax VGi Pmax la khad ndng chiu
luc cta cét ngdn nén dung tam, do léch tdm e=0,25h, d6 manh
thay déi tur 35 dén 120. Cot st dung vat liéu bé téng B30, c6t
thép CB300-V,

Bang 3. K&t qua khao sat quan hé gitta d& manh () va hé s6 anh
hudng uén doc (1)

TV A Ham khén Luc téi
TT | Tiétdién P?/b luong n iy ‘? han dat
thép (%) | 4@V gia tri P
N=40;45;, | A=75;90;
. ; 45; ; 90;
1 | 400x400 | 1,00 | 211% P s
A=50;60; | A=95;110;
. ; 60; :110;
2 | 350%x450 | 1,29 | 1,75% il 0
A=115;
3 | 350%x550 | 1,57 1,70% | N6 75 >120;
95
>120
4 | 400x700 | 1,75 1,19% Az?g;og(); A>120
5 | 300x550 | 1,83 1,99% }‘zﬁ;:o; A>120
6 | 350x700 | 2,00 1,70% >\=?(2);095; A>120
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Hinh 13. Biéu d6 quan hé d6 méanh va hé s6 uén doc (khuéch dai md men)

- Hé s6 udn doc n tang dan theo @4 manh \.

- Véi c6t vuong, theo TCVN 5574-2018 mé men do anh huéng
udn doc kiém tra tang khéng qua 1,4 (theo diéu kién ACI 318:2019
[3]) thi d6 manh gidi han tuong Ung la la A=40; 45; 60.

-Theo TCVN 5574-:018 va ACl 318:2019 luc t&i han dat gia tri P
thi 6 manh gidi han la A=75; 90; 115.

5. KET LUAN

Bai bao da dua ra dugc quy trinh va so d6 khéi tinh toan hé sé
anh huéng uén doc (hé sé khuéch dai mé men) khi tinh toan cét
manh BTCT theo 3 tiéu chudn TCVN 5574:2018. EC2:2004 va ACl
318:2019. Qua khao sat s6 cho thdy theo TCVN 5574:2018 véi cOt
manh BTCT tiét dién vuodng, theo diéu kién P<P. thi d& manh gidi
han clia cét nén 1dy nhé hon 75, con néu dé hé sé ting mé men do
anh hudng uén doc khéng tang qua 1,4 (theo diéu kién ACI
318:2019 [3]) thi @ manh gidi han nén Idy nho han 40.
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