Tinh toan cau kién chiu nén dung tam
theo tiéu chuan thiét ké két cau thép TCVN 5575:2023

Design of axial compression element according to steel structures design standard

TCVN 5575:2023

Tom tat

Bai bao nay giéi thiéu viéc tinh toan én dinh tong
thé ddi véi cau kién chiu nén ding tam va viéc kiém
tra on dinh cucbd tiét dién ddi véi cac hinh thic tiét
dién khac nhau, vi du nhu: tiét dién dac (chit H, C,
6ng tron hoac chir nhét) va tiét dién chir thap (bao
g6m c tiét dién dinh hinh va té hop). Dong thai,
trinh bay cach chon tiét dién ot tdi uu vé trong
lugng theo Tiéu chudn thiét ké két cau thép TCVN
5575:2023. Thuc hién vi du s6 ddi véi c6t thép chiu
nén ding tam tiét dién chii H t6 hop han, tirviéclva
chon dén kiém tra tiét dién theo diéu kién dn dinh
cuc bd va tong thé, nham lam sang t6 cac budc tinh
toan cau kién chiu nén diing tam theo Tiéu chuan
thiét ké két ciu thép TCVN 5575:2023.

Tir khéa: cdu kién chiu nén ding tam, lua chon tiét dién téi
uu

Abstract

This paper introduces the design of the global buckling

for the axial compression member and the local buckling
check of the section for different cross-section forms, for
example: solid section (H, Csection, hollow or rectangular
sections) and cross sections (including profiles and
combinations). At the same time, how to choose the
optimal column cross-section in terms of weight according
to the Steel structure design standard TCVN 5575:2023.
Numerical examples for a steel column in axial compression
for the welded H-section, from selection to checking the
section under local and global stability conditions, to clarify
the structural design steps axial compressive member
according to the steel structure design standard TCVN
5575:2023.
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1. Pt van dé

Céu kién thép chiu nén ding tdm c6 mét & nhiéu cong trinh dan dung
va cdng nghiép, ching co thé la cu kién cot hodc cac thanh chiu nén trong
gian. Thay rang, hinh thirc tiét dién cia chung rat da dang, co thé la dac,
réng ho&c chiv thap. Tiét dién ciing cé thé dwoc cAu tao tir thanh dinh hinh
ch L, U, I hodc H hodc t6 hop tir cac thanh dinh hinh v&i nhau hodc tir cac
tAm thép. V&i cac cau kién dwoc td hop tir cac tAm thép la phé bién hon ca
b&i tinh van nang cla ching. Bai toan thiét ké cAu kién chiu nén dung tam,
sao cho dap (*ng yéu cau vé dd bén, &n dinh cling nhw cé duoc tiét dién
hop ly dé trong lwong cAu kién nhé nhét ciing la van d& dang quan tam.

Gan day, tiéu chuén thiét ké két ciu thép mai cta Viet Nam TCVN
5575:2023 thay thé tiéu chudn hién hanh TCVN 5575:2012. Tiéu chuén
TCVN 5575:2023 dwoc bién soan dwa trén Tiéu chudn cung tén cula
Lién bang Nga SP 16.13330.2017, c6 cap nhat ban stra dbi 1 va 2 cla
cac nam 2018 va 2019, ngoai ra con bd sung nhidu nodi dung cta SP
294.1325800.2017 va SP 43.13330.2012.

Theo d6, bai bao nay sé gidi thiéu chi tiét viéc tinh toan cAu kién tiét dién
d&c chiu nén dung tam theo diéu kién &n dinh tdng thé clia cot va én dinh
cuc bd clia cac phan to tiét dién, cac quy dinh thiét ké dwoc dé cap trong
TCVN 5575:2023, va gi6i thiéu cach Iwa chon tiét dién téi wu dwoc dé cap
trong tai liéu SP 294.1325800.2017, ma cling c6 trong ban dy thdo Huwéng
dan thiét ké két cAu thép theo TCVN 5575:2023.

2. Tinh toan cau kién tiét dién dic chiu nén ding tam theo diéu kién
6n dinh
2.1. Tinh toan én dinh téng thé

Tinh toan &n dinh ciu kién tiét dién dic chiju nén dung tam véi lwc doc
N va théa man cac yéu cau theo TCVN 5575:2023, dwoc thuc hién theo
cbng thure:

N
AT <1
PALLY ¢ (1 )

trong do:
@ 1a hé sb 6n dinh khi nén dung tam, khi A > 0,6 thi ¢ dwoc tinh theo
cong thire:

0,5(5 ~J5? ~39,4812 )
2 @

v&i & dwoc tinh theo céng thire:

5=9,87(1-a+pi)+1?

(P:

(3)
trong do:

A =2fq/E la d6 manh quy wéc cia thanh;

a va B la cac hé sé, 1ay theo Bang 1 phu thudc vao loai tiét dién.

Gia tri hé s6 @ tinh dugc theo cong thirc (1) 1ay khong lon hon 7, G/Xf
khi d0 manh quy wéc Ién hon 3,8; 4,4 va 5,8 doi voi lan lwot cac loai tiét
dién a, bvac.

Khi A <0,6 thildy ¢ =1 dbi véi cac loai tiét dién a va b.

Gia tri hé sb @ tinh dwoc theo cong thire (1) dwgc ghi trong Bang D.1

(Phu lyc D) ctia TCVN 5575:2023.
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Bang 1. Cac héso ava B [1]

Loai tiét dién Gia trj
Ky hiéu Hinh dang o B
i
a - 0,03 0,06
|
? SR
— Lkix et
i —t |
b | | | 0,04 0,09
! |
% [ |
| | | |
X X L,El |l S| || —
c | | | | i 0,04 0,14
e
|

phang tinh toan.

CHU THICH 1: Gia tri cac hé s6 doi voi thép chi | can co chiéu cao I6n hon 500 mm khi tinh todn 6n dinh trong mat
phéng ban bung dwoc 14y theo tiét dién loai a.
CHU THiQH 2: Trén cac pinh trong bang nay cac truc x—x va y-y duqc ky hiéu tai cac tiét di’én ma vubng goc v&i ching
la mat phang tinh toan dé xac dinh ¢ theo cong thirc (2); trong cac tiét dién con lai cac hé so khéng phu thuéc vao mat

Bang 2. Pd manh quy uéc gi6i han cia ban bung, %, [1]

Tiét dién

D6 manh quy wéc
cua cau kién, 1

D6 manh quy wéc giéi han
cua ban bung, 1,

|
i <20 1,30 +0,1512
| _
=t >2,0 1,20+0,351 <2,3
| |
: ‘ <1,0 1,2
| W
! ‘ >1,0 0,85+0,191. < 1,6
I I
<0,8 1,0
_ >0.8 0,85+0,19% < 1,6
>0,8:<4,0 (0,40+0,072)(1+0,25,2-b; /n,; )
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Bang 3. Pd manh quy uwéc giéi han cia phan vuon ban canh, 1, [1]

Tiét dién Gia tri A, khi 0,8<1<4
— —— 0,36+0,10%
_ [
JUG_' = 1 1 0,43+0,08%
| | L |
T I
J”E f 0,40 +0,07%
b b
&4 pa)
ﬁ.:ﬁy ='JE
g i - 0,85+0,19%
) —

2.2. Tinh toan én dinh cuc bé ban bung va ban cénh cau
kién tiét dién dac chiu nén dung tam

(1) Bi v&i ban bung

Khi kiém tra &n dinh cuc bd ban bung, chiéu cao tinh toan
hef can dwoc 4y theo Hinh 1:

- Bang toan bo chiéu cao ban bung: trong cau kién han;

- Béng khoang cach gilra cac mép gan truc cau kién nhét
clia thép gdc ghép canh: trong cau kién co lién két ma sat
canh voi bung;

- Béng khoang céach gitra cac diém bat du uén cong bén
trong: trong thép can dinh hinh;

- Bang khoang cach gitva cac mép cla cac doan ubn
cong: trong thép uén dinh hinh.

(’Dn' dinh cuc bd ban bung cla cau kiép chiu nén dung
tam tiét dién dac dgo’c coi la ddm bdo néu d4 manh quy
wéc cta ban bung %, = (h/t,)./f ,a/E khong vuot qua gia
tri @ manh quy wéc gi¢i han A, dwoc xac dinh theo cac
cong thirc trong Bang 2. Ban bung manh hon dwoc pheép
st dung néu khang dinh dwoc 6n dinh cta ching (bang ly
thuyét hoac thuc nghiém).

Trong bén bung chi‘du’cyc téng ctrng bang cac swon cirng
ngang, chiéu rong phan vwon cla cac §u(‘:m clrng ngang
kh(‘)ng dwoc nhd hon (he/30 + 40) mm - doi voi sg’c‘)’n cap doi
doi xirng, khong nhé hon (hg/20 + 50) mm — déi véi swon
mot bén; chiéu day swon tr khéng dwoc nhé hon 2b nyd/E
Khi tang ctrng ban bung bang cac swon clrng ngang & mét
bén thi cac thép goc don cAn dwoc han mép véi ban bung.

(2) i v&i ban canh

Khi kiém tra &n dinh ban canh thi chi&u rong tinh toan bef
clia phan vuon ban canh can dwoc Iy béng khodng cach:

- Trong cac c4u kién han: tir bién ctia ban bung dén mép
cla ban canh;

- Trong cac cau kién co lién két ma sat cac ban canh: tv
truc bu 16ng ngoai cung trong ban canh dén mép clia ban
canh;

- Trong cac thép can dinh hinh: tir diém bét dau ubn cong
phia trong ctia canh dén mép ctia ban canh;

- Trong céc thép udn dinh hinh: tir diém cudi doan cong
ctia ban bung dén mép cla ban canh.

On dinh ban canh ctia cAu kién chiu nén ding tam tiét
dién dac dwoc coi la ddm bao néu d6 manh quy wéc cia
phan vwon canh L, = (b, /t,)f,/E khong vurot qua cac gia
tri d6 manh quy wéc gidi han cla phan vwon canh xuf , Xac
dinh theo cac cong thirc trong Bang 3, trong dé khi gia tri
% <0,8 hodc & >4 thildy giatri A =0,8 hoic 1 =4 twong
rng.

Khi chon tiét dién cac cAu kién chiu nén dung tam theo
dd manh gidi han thi cac gia tri d manh quy wéc gidi han
cla ban bung A, va phan vuon ban canh 1, (hodc ban
canh xu” ), Xac dlnh dwoc theo cac Bang 2 va Bang 3 twong
&ng, can duoc tang 1én bdng cach nhan ching véi hé sé
J(pAfy /N nhwng khéng 16n hon 1,25 1an.

Nhan xét:

Cac yéu cau vé kiém tra 6n dinh tbng thé cAu kién chiu
nén dung tdm dwoc quy dinh trong TCVN 5575:2023 trén co
s tinh toan thanh chju nén léch tam k& dén anh hwéng hinh
dang tiét dién, 6 cong ban du cda truc, dé léch tam ngau
nhién cta lwc nén, cling nhw phan ti lién két (adi voi thanh
réng) [4].

D6 véng ngang ban dau hodc d6 léch tam ngdu nhién
duwoc lay phu hop véi cac sai léch cho phép dwoc quy dinh
trong TCVN 12002:2000 (Két ciu thép xay dwng — Ché tao
va kiém tra chéat lwong) va TCVN 13194 ( Két cAu thép — Lap
dwng va nghiém thu).

Trong |&i giai cla bai toan dwoc thiét lap da khao sat
thanh chju nén I&éch tam, so’ d nhw trén Hinh 2,a. Khi dé 1&i
gidi dwoc thwe hién véi gia thiét chuyén vi nhd theo so d6
bién dang k& dén bién dang déo, con gia tri clia khd nang
chiu lyc tinh toan dwoc lay bang gia tri ctia lwc nén Nu, ma
céu kién chiu dwoc (Hinh 2,b). Dang ubn cong cla truc dwoc

Iy theo nira séng hinh sin.
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Hinh 1. Kich thu'éc tinh toan cuia ban bung, phan vuon canh, ban canh [1]

Tror)g TCVN 5575:2023, phwong phap tinh toan thuwc
hanh cau [(ién chiu nén dung tdm duoc dan ra voi vicf?c st
dung hé sé &n dinh khi nén dung tam ¢ dwoc tinh ké dén sw
phu thuéc vao d6 manh quy wéc A = A, /fyd /E va duoc lay
bang @ = N/(Afy).

Khi tinh cac gia tri ctia hé s& ¢ cho cac dang khac nhau
cla tiét dién ngang (a, b, va c) pht hop véi bang TCVN
5575:2023, khéng hoan hao ban dau e, duoc lay theo cong
thire:

i L

e, =—+—

20 750 )
trong do:

i - ban kinh quan tinh tiét dién déi v&i mat phang twong
rng;

L - chiéu dai hinh hoc ctia céu kién.

S6 ligu clia sy khéng’hoén h&o c6 d&c tinh ng4u nhién va
tuan theo géc quy I’uét thong ké, vi vay gia tri cua khéng hoan
hao ban dau can lay trén co s6 cac nghién ctru thong ké dai
lwong sai léch ngdu nhién, nh@n duwoc tir cég sO Iiéu’ thwe
nghiém. Trong cong thirc (4) sO hang th&r nhat tinh dén sy
dinh t@m khéng dung, con so hang th&r hai - d6 vong ngang
ban dau cla tru (d6 cong).

twdng theo phwong phap Ole. Gia tri cudi cling clia hé sé @
duwoc lay bang gia tri nhé nhét ti hai gia tri: dwoc tinh véi
khong hoan hao ban dau va theo phwong phap Ole véi viéc
dwa vao hé sb do tin cay o= 1,3 (¢ = Ne/(Afyye) = To/(1,3 kz
) dé han ché d6 véng ngang cta thanh chiju nén khi 6 manh
twong ddi I&én, khi anh huwéng ctia khéng hoan hao ban dau,
duoc xac dinh theo cong thirc (4) tré thanh khong tén tai.
Nhan dwoc bang cach nhw thé cac gia tri ctia hé sé ¢ cho
céac dang khac nhau cula tiét dién ngang (a, b va c) da dwoc
x&p xi nher cdng thire (7) ctia TCVN 5575:2023, trén co s&
nay thanh lap Bang D.1 (Phu luc D) trong TCVN 5575:2023.

3. Chon tiét dién téi wu cho cot chiv H chiu nén ding
tam [4]
3.1. Giai doan thir nhét - tinh toén so b

Tinh gia trj tham s6 cta s6 liéu ban dau B:

B, = E 12 kniB, > 5(1+0,260%) e
dec yd E
trong doé

C =2LLL'5f cho gia tri ban du ta ldy A = 1.

yef

Khi chudn hoa hé sé ¢ lyc toi han cta thanh dan hdi ly Tiép theo tinh:
a) b) c) ¢
N N 1,00
} . a
i N 0,80 b
| | 0,60
A% eb ’_] : c
i | 0,40
| | 0,20
Ix 0 Y 0,0 2,0 40 60 80 10,0 12,0 14,0

a - s0 do tinh; b - dudng cong cla trang thai cdn bang; ¢ - d6 thj ctia hé s6 ¢ cho céac dang

tiét dién a, b, c
Hinh 2. Tinh toan thanh chiu nén [4]
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= E. Ae = Ay E_ 036+o1x E.
f f f
— xef 057\4 L‘
<] 3+u Ly = Ay S 24(1+u)’
_ - 1 N
e Ay = , A= 1+0,07/A).
JA+0,07 y \/A+0,07 fdec( )

Tién hanh toi khi Ay ~ A .

Cac sb liéu tinh toan theo Iwa chon truc tiép tiét dién tdi
wu clia cau kién chiu nén dung tam dwoc dan ra trong dang
bang.

3.2. Giai doan thir hai - t& hop tiét dién

b=i,\12(1+u); h=b [E];

3.3. Giai doan thir ba - kiém tra I6i gidi
a) Kiém tra 6n dinh tng thé theo cong thirc (1).
b) Kiém tra 6n dinh cuc bd theo cac didu kién:
A <y A <y

4. Vi du tinh toan
4.1. S6 ligu tinh toan

~Yéu cau xac dinh tiét dién chir H t6 hop tdi wu véi cac
sO liéu ‘ban dau sau (Hinh 3): Lwc nén dung tém N = 2000
kN; chieu dai tinh toan theo phuong y-y va x-x lan lwot Ly =
400 cm; Lyer = 3Lyer. Cac ban lam tlr thép mac S235B theo
TCVN 9986-2: 2013 (fyd = 224 MPa khi chiéu day tAm can 4

+16 mm); Eff,q = 938; v =,[E/f, =30,6;v,=1,0.
N

o H{ - ‘X _
4] |
y 3 y
) ***’7’T*7’**
— I
i | i
tL hw -
Y h

Hinh 3. So d6 tinh cadt, tiét dién cot
4.2. Tinh toén téi wu cét tiét dién chi¥ | chiu nén dung tdm
(1) Giai doan th& nhét - tinh toan so bod
Tinh gia trj tham s6 cla sb liéu ban dau B
B, = 2000x10x938/(224x4002) = 0,523.
B&i vi khi do:
By > 5(1+0,260) [f,, JE =

=5(1+0,26%1,52)2/30,6 = 0,41,

xef

R 15 cho gia trj ban dau ta lay *v =

trong do €=

yef
Tiép theo tinh: A, &, [¢],u=, C,, A Ay, A

Tién hanh toi khi Ay ~ A .

Cac sg‘; liéu tinh toan theo lva chon truc tiép tiét dién toi
wu cla cau kién chiju nén dung tam dwoc dan ra trong Bang
4.

Bang 4. Két qua tinh theo cac budc

Buwéc | — = A,
xAp xI Al A | M || u C, A Ay cm?
Tha
nhat 1,0 |44,4|28,2(1,50|0,71(0,400/0,209(1,89| 119
Th hai [1,78(54,3|32,9|1,55|0,73|0,457|0,239(1,80| 115

Trong két qua tién hanh budc xap xi the hai (t6i wu)
ky ~ XA (Ay tinh theo cong thirc muc 3.1). Khi d6 d6 manh
quy woc Ay giam twr 1,89 dén 1,80, diéu d6 dan dén giam
dién tich tiét dién ngang = 3,4 %.

(2) Giai doan th hai - td hop tiét dién

b

i =————~b/4,56
12(1+u) '
L

= oo 400 756 om
A VE 180306

Khi d6:

b = 4,56x7,26 = 33,1 cm;
h=b [€] = 33,1x1,55 = 51,3 cm.
Taldy b = 33,0 cm; h = 51,0 cm, khi d6

PN S o L R

33-10

=—w =0,97 cm;
A 32,9

Talayt,=1,0cm, t;=1,0cm.

Nhw vay, nhan dwoc tiét dién chiv | tb hop: 2(-330%10)
mm + (-510%10) mm.

(3) Giai doan thi ba - kiém tra i giai
a) Kiém tra 6n dinh tdng thé
A=2x33%x1,0+51x1,0 = 117 cm%;

33><’I,0><522_‘_'I,0><513
i, = 2 12 =218 cm
117 ,
o200 49
21,8x30,6 .
3
iy=4/—1’0><33 =7,15cm
6x117 :
Xy:&:‘],gm
7,15x30,6

Hé s6 6n dinh xac dinh voi viéc st dung cac s6 liéu clia
Bang D.1: ¢, = 0,855 (dang tiet dién b); ¢, = 0,774 (dang tiet
dién c). Khi do:

Theo phuong x

2000x10

0.855x117x224x1 89T
Theo phuong y
2000x10
=0,98 < 1.

0,774 x117 x 224 x1
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On dinh téng thé dwoc dam bao.
b) Kiém tra 6n dinh cuc bd

- Kiém tra 6n dinh ban bung
Tinh &, A,

= = 51
7\,w =(hef/tw) fyd/E =m=1,67 '

Jewe = 1,30 +0,151.2
~1,3+0,15x1,80% =179

(do »=180<2).
Nhw vay én dinh ban bung dam bao do
X, =167 <k, =179.

Tuy nhién, do 6n dinh tdng thé theo phwong x con du triv
kha I&n (t6i 11%) nén co thé gidm bét chiéu cao ban bung.
Khi do, chon t6 hop: (-490%10) mm + 2x(-330%10) mm. Luc
do co: A=115cm?, A =186; iy =181; ¢, = 0,847 (dang
tiét dién b); @, = 0,777 (dang tiét dién c). Khi do:

- Theo phuwong x

200010
O,847X115X224X1 = 0’92 <1.

- Theo phuwong y
2000x10
0,777X115X224X1 = 0‘999 <1.

On dinh téng th& dwoc dam bao.
- Kiém tra 6n dinh ban bung
_ 49

Ay =——o =160
1,0x30,6 .

)

houw = 1,30 40,1512
=13+0,15x1,862 =1,82
(do A=186<2).
Nhuw vay én dinh ban bung dam bao do
A, =160<%,, =182

Kiém tra 6n dinh ban canh
33-10

o=/t /B =5 2 5a06 ~ 02,

hy =0,36+0,1. =0,36+0,1x1,86 = 0,55

Nhw vay &n dinh ban bung dam bao do
% =052 <1, =0,55

Cubi cung chon tb hop: 2x(-330x10) mm + (-490x10)
mm (Hinh 4).

| <
10
<

330

Hinh 4. Tiét dién cot

5. Két luan va kién nghi

- Viéc tinh toan céu kién chiju nén dung tam, diéu kién
4n dinh cling da xét dén &nh hwéng cla hinh dang tiét dién
cling nhw phuong truc chinh dén sy lam viéc cta cAu kién.
Theo d6, cach tinh toan d& cap trong TCVN 5575:2023 sé
chinh xac hon so v&i cach tinh trong TCVN 5575:2012, va
ciing da tiép can duwoc cac tiéu chuén thiét ké két cAu thép
tién tién khac, vi du tiéu chuan chau Au EN 1993-1-1.

- Tiéu chuén Thiét ké két ciu thép ciia Viét Nam TCVN
5575:2023 c6 nhiéu diém mai so voi TCVN 5575:2012, va
ndi dung clia chung dé cap kha rong. Chinh vi thé, can co
nhirng nghién cvu sau hon niva déi voi tiéu chun nay trong
thoi gian t¢i nham hiéu dung va khai thac hét cac néi dung
dé cap trong tiéu chuén nay./.
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npeonpusimuil. Akmyanusuposannas pedaxyus CHull 2.09.03-
85 (¢ Uzmenenusmu N 1, 2) (Cdc cong trinh xi nghiép cong
nghiép — Phién ban cdp nhat cua SNiP 2.09.03-85 (véi cdc sua
dsil, 2).

4. SP 294.1325800.2017, Koncmpyxkyuu cmanvhule. Ilpasuna
npoexmuposanus (¢ Uzmenenuem N 1, N 2) (Ket cau thép —
Quy tac thiét ké (voi cdc swa doi 1, 2).
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