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Tém tit

Khi hién tuong mét 6n dinh & ban canh hodc ban bung cua thanh thép hop chir nhat xay ra s€ kéo theo bién dang
cua ban con lai. Do d6, viéc tinh toan ng sut t6i han cyc bd cling nhu kha nang chiu lyc t6i han cho thanh
thép chir nhat phai xem xét dén sy tuong tac clia ban canh va ban bung. Bai bio dé xuét cac cong thirc tinh toan
ung sudt toi han gay mét 6n dinh cuc bo cua thanh thép chit nhat rong chiu nén dung tam ké dén sy tuong tac
giita ban bung va ban canh khi cac ty s bé rong véi chidu cao, ty s6 chiéu day ban canh véi chiéu day ban bung
thay d6i. Két qua phan tich 6n dinh ddi vai thanh thép chit nhat rdng chiu nén diing tim cho thay tng suat toi
han cuc bd khong phu thudc vao ty sé chidu dai voi chidu cao ma phu thude vao ty sb chiéu day véi bé rong va
ty s6 bé rong voi chiéu cao. Ung suét t&i han cuc bo duge xéac dinh béng phuong phap dai hiru han ban giai tich
trong chuong trinh CUFSM. Céc cong thirc duoc dé xuét dé xac dinh hé sb 6n dinh dya trén nghién ctru tham
sO va xtr 1y x4c suét thong ké. Do tin cdy cua cac cong thire dé xudt duge dam bao voi hé sb bién thién thap va
hé s6 xac dinh cao.

Tir khod: g suat téi han; hé s6 6n dinh; twong tic canh-bung; tiét dién chir nhat rong; nén ding tam; phuong
phép dai hiru han.

FORMULAS DETERMINING THE LOCAL CRITICAL STRESS OF RECTANGULAR HOLLOW
SECTIONS UNDER AXIAL COMPRESSION

Abstract

When the buckling occurs in either the flange or the web of a rectangular hollow steel section, it will lead to
the deformation in the remaining part. Therefore, the calculation of local critical stress and the ultimate load-
carrying capacity of the rectangular steel section must take into account the interaction between the flange and
the web. This paper proposes formulas for calculating the local critical stress causing local buckling of a axially
compressed rectangular hollow steel section, considering the interaction between the web and the flange when
the width-to-height ratio and the flange thickness-to-web thickness ratio vary. The stability analysis results for
the axially compressed rectangular hollow steel sections indicate that the local critical stress is independent of
the length-to-height ratio but depends on the thickness-to-width ratio and the width-to-height ratio. The local
critical stress is determined using the semi-analytical finite strip method within the CUFSM software. The
proposed formulas for determining the stability coefficient are based on parametric studies and probabilistic
statistical processing. The reliability of the proposed formulas is ensured by a low coefficient of variation and
a high determination coefficient.

Keywords: critical stress; buckling coefficient; flange-web interaction; rectangular hollow sections; axial
compression; finite strip method.
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1. Dit van dé

Thanh thép chit nhat réng duoc st dung nhiéu trong linh vuc xay dung, vi du nhu: ¢t thép, cot
thép nhoi bé tong, két ciu dang dan, két ciu gidng cua nha cong nghiép, nha cao tang, két ciu dan
khoan trén bién, ... Mot trong nhitng van dé dé dam bao kha nang chiu luyc ctia thanh thép hop 1a on
dinh cuc bo. Khi ban bung hodc ban canh cta thanh thép hdp bi mét dn dinh sé& kéo theo su tuong tac
giita cac ban nay. Cong thirc (1) dung dé xac dinh tng suét téi han cuc bd cho thanh thép chir nhat
rong duogce st dung boi Trahair [1], trong cong thirc ndy thi tng sudt toi han cuc bd phu thudce vao ty
s6 chiéu day voi bé rong va hé sé 6n dinh. Tuy nhién Trahair [1] khong dua ra cong thirc cu thé xac
dinh hé s6 6n dinh ma dung céach tra biéu do. Phuong phap dai hitu han ban giai tich duoc phat trién
boi Cheung [2] khi ding 1y thuyét tim cua Kirchhoff dé xdy dung cac dai hiru han. Mot sb tac gia da
dung phuong phéap nay xay dung chuong trinh CUFSM [3] dé xéc dinh tmg suét t6i han cuc bo. Gan
day, tac gia [4, 5] dd ung dung phuwong phap dai hitu han ban giai tich dé phan tich 6n dinh két ciu
tam va két cdu thanh thanh mong. Pa c6 mot s6 nghién ctiru dé cap dén sy tuong tac gitta ban bung va
ban canh khi thanh thép chit nhat bi mat 6n dinh cuc b, Seif va Schafer [6] dung phuwong phap dai
hiru han ban giai tich dé xac dinh tng suat 6n dinh cuc bd cho cac thanh thép c6 nhiéu tiét dién khac
nhau va dé xuit nhimg cong thirc tinh toan hé s 6n dinh cho nhiing tiét dién nay khi chiu nén dang
tam va chiu ubn ké dén su tuong tac nay. Céc tac gia trong [7] d trinh bay cong thitc dé xac dinh hé
s6 6n dinh cho thanh thep hop chir nhat réng thanh mong ké dén sy twong tac giita ban bung va ban
canh khi ding 1y thuyét dam tong quét, va de xut nhiing phuong trinh x4c dinh hé s6 6n dinh cho
thanh thép hop chit nhat chiu nén va chiu uén, Vieira va cs. [7] chi trinh bay cu thé cong thuc dbi voi
nhitng ty s6 chidu cao véi bé rong 1a 1,0; 2,0; 3,0 va 4,0.

Mot sb thi nghiém da duoc tién hanh béi Kuwamura [8] dé danh gia tng Xt on dinh cuc bo cua
thanh thép hgp chiu nén. Shi va cs. [9] da lam thi nghiém cot ngén chiu nén dung tam lam twr vat liéu
thép Q460 dé xem xét 6n dinh khi ty s6 bé rong véi chiéu day tang 1én. Mot sb tac gia [10—12] nghién
ctru 6n dinh cua cot thép chiu nén dung tam khi st dung vat li¢u cuong do cao. Ngoai ra, cac nghién
ctru vé 6n dinh cua cot thép chiu nén trong moéi truong nhi¢t do cao cling dugc quan tdm boi nhiéu
tac gia [13—16]. Ung xir 6n dinh cuc b d6i voi thép hop chir nhat rong ciing duge quan tam bai Tang
va cs. [17]. Phan tich on dinh cuc bd dbi véi céc tim truc huéng véi nhing diéu kién bién khéc nhau
cling dugc tién hanh boi Qiao va Shan [18]. M6t mé hinh phan tir hitu han 6n dinh dan hdi ciing duoc
sir dung dé dénh gia ing xir cua thép hop chir nhat trong két cau lién hop bai Uy va Bradford [19].
Bén canh do, mot sb tac gia [20, 21] d& xuét cong thirc tinh toan tai toi han va hé s tuong tac ké dén
su tuong tac glua ban canh va ban bung. Bui [22] dung phuong phap dai hitu han ban g1a1 tich dé danh
gia tng xu 6n dinh cua dng thep tron chiju udn déu. Nguyén [23] ciing quan tdm dén 6n dinh cuc bo
ban bung ctia cot thép chit I t6 hop chiu nén 1éch tim. Ping va cs. [24] ding phwong phép ning luong
két hop phuong phap giai tich dé phan tich 6n dinh cuia thanh thanh mong chiu tai trong khac nhau va
c6 diéu kién bién phirc tap. Tran va Hoang [25] ding phuong phap sai phan hitu han dé tinh 6n dinh
cho cot c6 d6 ctng tiét dién thay ddi theo quy luat bat ky.

Tiéu chuin Chéu Au [26] va tiéu chuin Hoa Ky [27] da trinh bay cong thirc xac dinh tmg suét toi
han cuc b6 thién vé an toan khi bo qua twong tac gifra ban canh va ban bung (xem nhu lién két khé’p
giita canh va bung). Dé xac dinh chinh x4c g suit téi han cuc bo thi can dung dén phuong phap so
trong d6 phuong phap dai hiru han ban giai tich 1a phuong phép thich hop dé tinh todn Ung suat 6n
dinh t&1 han. Nghién ctru nay stt dung chuong trinh CUFSM 4.05 dé tinh ung suét t6i han cuc bo cua
thanh thép hop chir nhat réng, sau d6 ap dung nghién ctru tham s va xir Iy xac suit thong ké dé dwa ra
cong thirc xac dinh hé sb 6n dinh, qua d6 xac dinh duoc g suét t6i han cuc bo tir phwong trinh (1):

kom*E [ 1)2 !
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74

Ocr =



Qudc, C. B. T., Cudng, B. H. / Tap chi Khoa hoc Cong nghé Xay dung

trong d6 o, 1a (mg suat ti han cuc b9, E 1a mé dun dan hdi cua vét liéu thép; v 1a h¢ s6 Poisson; k, 1a
hé s6 0n dinh; ¢ va b 1an luot 1a chi€u day va bé rong cua tam. D¢ tinh toan chinh xac tng suat toi han
cuc bd cua thanh thép hdp chir nhat can ké dén tuong tac gilra ban bung va ban canh, phuong phap
dai hiru han ban giai tich rat thich hop va dap ing dugc yéu cau nay bédi vi phuong phap nay cho phép
v& dugc duong cong thé hién quan hé gitra ing suat 6n dinh va chiéu dai thanh, nhd d6 dé dang xéac
dinh dugc g suat téi han cuc bo qua diém cuyc tiéu cia duong cong.
2. D¢ xuit cong thirc xac dinh hé s6 6n dinh

Trong phan nay, dwa vao két qua phén tich dbi voi cac thanh thép chir nhét trong chuwong trinh
CUFSM, sau d6 dé xuat phuong trinh xac dinh h¢ s6 6n dinh tir nhiing két qua dat dugc. D€ danh gia
d6 chinh xac va tinh itng dung cua nhitng cong thirc d¢ xuat, két qua tinh toan hé s6 o6n dinh tir cac
cong thire dé xuat s€ dugc so sanh véi két qua cia phuong phap s6 va nghién ciru da cong bo cua tac
gia khac.
2.1. Anh huong ciia ty s6 chiéu dai véi chiéu cao

Thuc hién phan tich 6n dinh ddi véi nhitng thanh thép chit nhat réng khac nhau bang chwong trinh
CUFSM, nam nhom mau khac nhau dugce tién hanh khao sat c6 dic trung hinh hoc duoc trinh bay
trong (Bang 1), cac két qua phan tich thu dugc dugc trinh bay trong (Hinh 1).

Bang 1. Kich thudc hinh hoc ciia cac mau khao st

by (mm) h,, (mm) ty (mm) t,, (mm) L (mm)
Nhom 1 Mau 1 45 100 1,0 1,0 5000
MaAu 2 90 200 2,0 2,0 10000
Nhom 2 Mau 1 25 75 1,5 1,5 5000
Mau 2 50 150 3,0 3,0 10000
Nhom 3 Mau 1 60 120 1,0 1,0 5000
Mau 2 120 240 2,0 2,0 10000
Nhém 4 Mau 1 100 200 3,0 2,0 5000
Mau 2 200 400 6,0 4,0 10000
Nhom 5 Mau 1 80 120 3,0 1,5 5000
Mau 2 160 240 6,0 3,0 10000
1500
© 45%100x1,0
5 90%200x%2,0
25x75%1,5
< 50%x150x3,0
51000 60i120i1,0 I
§ 120%240% 2,0
= = 100x200x%x3,0x2,0
5 - - 200x400x6,0 4,0
500 80x120x3,0x 1,5 []
160%240x6,0x3,0|+

L/h

Hinh 1. Anh hudng ciia ty s6 chiéu dai v6i chiéu cao 1én tmg suat 6n dinh
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Can ctr vao két qua trong Hinh 1, nhimg diém tng suat 6n dinh c6 cung ty sé chiéu day véi bé
rong, ty s6 bé rong vai chiu cao va ty s6 chiéu dai véi chiéu cao bang nhau thi nhu nhau. Khi chiéu
dai thanh thép chir nhat thay d6i thi hinh dang va gia tri cia duong cong o - L/h trong Hinh 1 van
khong thay d6i, do d6 co6 thé khang dinh rang nhitng gia tri ing sudt t6i han cuc bo (diém cuc tiéu
duoc trinh bay trong Hinh 1) ciia thanh thép chit nhat rdng khong phu thudc vao chidu dai ciu kién
cling nhu ty sb6 L/h. Qua d6 co thé théy duoc tng suét t&i han cuc bo chi phu thudc vao ty s6 chiéu
day v6i bé rong va hé sé 6n dinh (duoc trinh bay trong cong thirc (1)). Ngoai ra, ddi v6i nhimg thanh
thép chir nhat c6 chiéu day ban canh va chiéu day ban bung khac nhau (nhém mau 4 va 5 dugc trinh
bay trong Bang 1) thi ing suit on dinh ciing khong phu thudc vao ty sb L/h.

2.2. Céng thire dé xudt doi véi thanh thép chit nhdt c6 chiéu day ban canh va chiéu day ban bung
bang nhau
Cong thirc dé xuit xac dinh hé sé 6n dinh duoc thiét 1ap dwa vao két qua phan tich trong chuong
trinh CUFSM két hop vai phuong phap nghién ctru tham sd va xir Iy xéc suat thong ké. Mt khac, tmg
sudt t6i han cuc bo khong chi phu thudc vao ty s6 chiéu day voi bé rong ma con bi anh hudng boi ty
s6 bé rong vai chiéu cao (két qua phan tich dwoc thé hién trong Hinh 2), do d6, cong thirc dé xuit dé
xéac dinh hé s6 6n dinh s& xem xét dén ty s6 nay. Phuong trinh dé xudt x4c dinh hé sé 6n dinh c6 dang

nhu sau: ; )
by by by
ka— = —G(E) + b(a) -C (E) +d (2)

trong do6 cac hé 6 a, b, c va d 1a cac hé sb can tim, b rla bé rong, h,, la chiéu cao.

Phan tich 6n dinh d6i voi cac thanh thép chir nhat hai du lién két khép chiu nén dung tim c6 ty
s6 bé rong véi chidu cao thay doi tir 0,15 dén 1,0 v6i budce nhay thay dbi 13 0,01, voi mdi ty s6 bé rong
v6i chiéu cao thi xac dinh duge mot gia tri hé s6 On dinh tuwong tmg, sau d6 ding phuong phép binh
phuong bé nhat dé dua ra dudng cong du doan. Cac hé sd a, b, ¢ va d trong phuong trinh (2) ¢6 gia tri
lan lugt 1a a = 4,8, b = 10,5, ¢ = 1,95 va d = 0,25 tuwong tmg voi hé s6 bién thién (CoV) thdp nhit 1a

5 \
—CUFSM
--------- Phuong trinh (3)
- = Trahair [1]
47 . Seif & Schafer [6] . |
3 [ -
S
2 [ -
1 [ -
O Il Il Il Il Il
0 0.2 0.4 0.6 0.8 1 1.2
b./h
fow

Hinh 2. Anh huéng cua ty s6 bé rong vai chidu cao 16n hé sb 6n dinh déi v6i thanh thép chir nhat
c6 chiéu day ban canh va chiéu day ban bung bang nhau
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0,054 va hé s6 xac dinh (RZ) cao nhat v6i 0,9997. Phuong trinh (2) duoc viét lai nhu sau:

k, = 48bf3 105bf2 195b 0.25 3
o — T E + 5 E - hw+ ()

Can cr vao két qua trong Hinh 2, dudng cong du doan theo phuong trinh (3) va két qua cia
Trahair [1] thi tiém can véi két qua ciia chuong trinh CUFSM. Trong khi d6, két qua thu duoc tir Seif
va Schafer [6] thi lai co su sai 1éch dang ké ddi véi ty s6 bé rong vai chiéu cao thay dbi tir 0,5 dén 0,9.

Can ctr vao két qua trong Bang 2, cong thirc dé xuat dé xac dinh hé sb 6n dinh c6 két qua tuong
ddng v6i chuong trinh CUFSM khi gia tri trung binh (u) 1a 1,009 va hé sb bién thién (CoV) 1a 0,054.
Trong khi d6, két qua cta Traihair [1], Seif va Schafer [6] c¢6 su sai 1éch véi két qua cuia chuong trinh
CUFSM khi cé u lan luot 1a 1,029 va 0,983 tuong tng vdi CoV 1a 0,101 va 0,078. Ngoai ra, két qua
thu duoc tir phuong trinh (3) ¢6 hé sb xac dinh R? 14 0,9997 cao hon so véi Trahair [1], Seif va Schafer
[6] khi c6 gi tri R? 1an lugt 14 0,9991 va 0,9868.

Bang 2. So sdnh két qua tinh todn hé s6 6n dinh dbi voi ty s6 ¢//t, = 1

Phuong phap tinh toan J7 CoV R’
Trahair [1] 1,029 0,101 0,9991
Seif & Schafer [6] 0,983 0,078 0,9868
Phuong trinh (3) 1,009 0,054 0,9997

2.3. Céng thirc dé xudt doi voi thanh thép chit nhdt c6 chiéu day ban canh va chiéu day ban bung
khac nhau
Twong tu nhu cach xac dinh hé s 6n dinh ddi voi thanh thép chit nhét c¢6 chiéu day ban canh va
chiéu day ban bung bang nhau, trong muyc nay chi trinh bay két qua dat duoc tir viéc phan tich. Méi
quan hé gita hé s6 6n dinh va ty s6 bé rong véi chiéu cao tir chuong trinh CUFSM (duoc thé hién trong
Hinh 3), cac cong thirc dé xuat (Bang 3), so sanh két qua tinh toan hé s 6n dinh (Hinh 4 va Bang 4).

6 i '
zf/tw: 0,75 )
t/t =125
5| 't & i
tf/[w =15 &
g/./ t,= 175 Qoo°°
A1yl 20 |
L1, = 225
......... 1/t =25 &
<3 Sowo & 1
-=tJt = 2]5 o
fw o
i/, =30
2r & )
1k e b
O 1
0 1 1.2

Hinh 3. Anh huong cua ty s6 bé rong vai chiéu cao 1én hé sb 6n dinh d6i v6i thanh thép chir nhat
¢6 chiéu day ban canh va chiéu day ban bung khac nhau
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Cin cr vao két qua trong Hinh 3, dudng cong ddi véi ty sb ¢/t,, = 0,75 ¢ hinh dang gidng voi
duong cong cua ty sO t¢/t,, = 1,0. Do d6, phuong trinh dé xuét cho ty sb tr/t, = 0,75 c6 dang gidng
v6i phuong trinh (2). Bén canh do, tit ca cac ty s6 con lai thi cong thirc dé xuit c6 dang ham sé mi

nhu sau:
br\°
ko— =d E (4)
Béng 3. Phuong trinh dé xudt dé tinh toan hé s6 6n dinh
Ty s6 Phuong trinh dé xuét tinh toan hé s6 6n dinh
bs\} b b
t/ty = 0,75 k, = -10,5-L) +19,6 b\ _ 4|21+ 0,45 (5)
Iy Iy, Ry,
b 5
tr/ty = 1,25 ky =33 —f) (6)
By
b 1,95
ti/ty = 1,5 ke = 2,6(—f) (7)
hyy
bf 2
tr/ty = 1,75 ke =2,1{ = (®)
2
1/t = 2,0 = (—f) ©)
W
tty = 2,25 ke = 1 3(h—f (10)
tr/ty = 2,5 ke =1 1( ) (11)
te/ty = 2,75 ke =0 9( ) (12)
hyy
br\
ty/ty =30 ks = 0,76 -+ (13)
hyy

Két qua duoc trinh bay trong Hinh 4 cho thiy rang cac duong cong dugc tinh toan tir cong thirc
deé xuat thi tiém cén vdi cac két qua cua chuong trinh CUFSM d6i véi tat ca cac thanh thép chit nhat
rong c6 chiéu day ban canh va chiéu day ban bung khac nhau. Trai lai, két qua cta Trahair [1] thi co

su sai Iéch ro rang trong Hinh 4(a) va (b).

6.0 3.0

--Phuong trmh (5) & (6) Phuong trmh (7) & (9)
5.0/ CuFsM 2.5 —CUFSM
4.0 |- Trahair [1] 2.0 - Trahair [1]

<®3.0 ~515

tf/ tW = 1,5 ‘J;‘f

(/1,=075 /
2.0 "‘P}f/’w 105 1.0 i/ =20
1.0 0.5 P
0 : ' : : 0 = T | | |
0 02 04 06 08 1.0 1.2 0 02 04 06 08 10 12
b/h, b/h,,
(a) tr/t, = 0,75 vats/t, = 1,25 (b) t¢/t, = 1,5vats/t, =2,0
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2.5 . . . 25 . . .
--Phuong trinh (8) & (10) ~-Phuong trinh (11) & (12) & (13)
2.0 —CUFSM 2.0 CUFSM
N 1.5 B 1.5 B
e tf/tw =1,75 < tf/ L= 2,5 .
1.0 1.0 , N
05 tf/tw =225 ?f’ ‘= 2,75
. 0.5 t/t =3,0]
fw
0 : : : 0
0 02 04 06 08 10 12 0 02 04 06 08 10 1.2
b,/ h b./h
Soow Soow
(c) ty/t, = 1,75 vats/t, = 2,25 d) e/t = 2,5, t5/t, = 2,75 vats/t,, = 3,0

Hinh 4. Anh hudong cua ty s6 bé rong vai chiéu cao 1én hé s6 6n dinh d6i v6i thanh thép chir nhat
¢6 chi€u day ban canh va chiéu day ban bung khac nhau

Tir Bang 4 cho thdy két qua tinh toan dya vao cong thirc dé xuat c6 su twong dong véi két qua cia
chuong trinh CUFSM khi ¢c6 gia tri trung binh xp xi bang 1,0 va hé s6 bién thién bé hon 0,04 cho tat
ca cac truong hop dugc trinh bay trong Bang 4. Trai lai, két qua ctia Trahair [1] thi c6 hé s6 bién thién
16n ddi véi tt ca cac ty sd va déu 16n hon 0,090, déang chii ¥ 14 gia tri CoV ddi véi ty s6 t7/t, = 2,0
1én dén 0,428. Ngoai ra, hé s6 xé4c dinh tir cac cong thirc dé xuét cling 16n hon 0,9980 cho tat ca cac
ty 0.

Béng 4. So sanh két qua theo cac phuong phép tinh toan

. Cong thtic dé xuét Trahair [1]
Ty so

J7i CoV R? u CoV R?
tr/ty = 0,75 0,994 0,039 0,9998 1,138 0,157 0,9895
tr/ty = 1,25 0,977 0,015 0,9983 1,045 0,090 0,9907
tr/tw = 1,5 0,989 0,002 0,9997 1,059 0,091 0,9349
tr/ty = 1,75 1,003 0,013 0,9996 - - -
tr/ty =2,0 0,990 0,009 0,9999 0,949 0,428 0,9295
tr/ty = 2,25 0,982 0,006 0,9994 - - -
trlty = 2,5 1,014 0,004 0,9992 - - -
tr/ty = 2,75 0,996 0,003 1,0000 - - -
tr/t, = 3,0 0,997 0,002 1,0000 - - -

Dé xac dinh hé s6 6n dinh ctia thanh thép chit nhat rong ddi véi ty sb ¢ /t, khong nam trong Bang 4
¢6 thé dung phuong phap ndi suy dé xac dinh.
3. Vidu tinh toan

Phan nay trinh bay cac vi du tinh toan ing suét t&i han cuc bd cho cac thanh thép chir nhat tao hinh
ngudi va té hop han c6 hai dau lién két khép chiu nén dung tam. Kich thudc hinh hoc cta céc thanh
thép chit nhat dugc trinh bay trong Bang 5 va két qua tinh toan dugc thé hién trong Bang 6. Ngoai ra,
dé danh gia d6 tin cdy cua céc cong thuc dé xut, va cling thé hién duoc nhiing cong thirc dugc thiét
1ap mang tinh tong quat khong phu thudc vao cac két qua cu thé ctia chuong trinh CUFSM, két qua
tinh toan ciing duoc so sanh véi két qua cua chuong trinh THIN-WALL [28].

Xét céc thanh thép chit nhat tao hinh ngudi (R1-1 va R1-2) va té hop han (R2-1 dén R10-2) ¢ cac
thong s6 hinh hoc dugc trinh bay trong Bang 5, vat li¢u thép c6 mo6 dun dan hdi E = 210000 (MPa)
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Bang 5. Kich thude hinh hoc

Tén cau kién by (mm) h,, (mm) ty (mm) t,, (mm) r; (mm)
R1-1 50 100 2,0 2,0 2,0
R1-2 100 100 2,0 2,0 2,0
R2-1 500 1000 15 20 -
R2-2 1000 1000 15 20 -
R3-1 500 1000 25 20 -
R3-2 1000 1000 25 20 -
R4-1 500 1000 30 20 -
R4-2 1000 1000 30 20 -
R5-1 500 1000 17,5 10 -
R5-2 1000 1000 17,5 10 -
R6-1 500 1000 20 10 -
R6-2 1000 1000 20 10 -
R7-1 500 1000 22,5 10 -
R7-2 1000 1000 22,5 10 -
R8-1 500 1000 25 10 -
R8-2 1000 1000 25 10 -
R9-1 500 1000 27,5 10 -
R9-2 1000 1000 27,5 10 -
R10-1 500 1000 30 10 -
R10-2 1000 1000 30 10 -

va hé s6 Poission v = 0,3. Dé don gian héa trong viéc tinh toan ddi v6i thanh thép chit nhat thanh
mong tao hinh ngudi, trong tiéu chuan [29] da bo qua anh hudng ctia cac goc cong khi thda man diéu
kién ve chiéu day va bé rong cau kién nhu Hinh 5.

N

Ve bp 7
- -t
hw w hw,p - tw
b Fi b
Ve bf 7 Ve bf,p 7
(a) Tiét dién thuc (b) Tiét dién dugc Iy twéng hoa

Hinh 5. Mt cit ngang cta thép hop chit nhat tao hinh ngudi

Thanh thép chir nhat R1-1 c6 cac dédc trung hinh hoc nhu sau: by = 50 (mm), by, = 48 (mm),
hy, = 100 (mm), h,, , = 98 (mm), t; = t,, = 2,0(mm), r; = 2,0 (mm), do day la thanh thép tao hinh
ngudi nén can kiém tra diéu kién bo qua anh huong ciia cac goc cong theo tiéu chuin Chau Au [29]
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ri < 5t (14)
ri < 0,106,

nhu sau:

trong do6 r; 1a ban kinh trong, ¢ 1a bé day, b, la bé rong phfmg ban canh.
Nhu véy thanh thép R1-1 thoa mén diéu kién bé qua anh hudng cua cac goc cong.

bfp : bfp ? bfp
Cong thtic (3): ks = —4,8(—’) + 10,5(—’) - 1,95( . )+ 0,25 = 1,25.
hW,p hW,p h’W,p

7T2E Iy
“12(1 - v2)(bf,p

Thanh thép chir nhéat td hop han R2-1 ¢6 céac déc trung hinh hoc nhu sau: by = 500 (mm), by, =
480 (mm), h,, = 1000 (mm), h,, , = 985 (mm), ¢y = 15 (mm) va t,, = 20 (mm).

2
Cong thtic (1): oy = k ) =411,8 (MPa).

bfp } bfp ? bfp
Cong thtrc (5): ks = —10,5(—’) + 19,5(;) — 4(—) +0,45 = 1,916.

hWJ’ hw,p hWaP

n’E tf 2
Cong thuc (1): o¢p = ke ———<| —| =355,2(MPa).
ong thie (1): o ‘T12(1—v2)(bf,p) (MPa)

Két qua tinh toan rng sudt t6i han cuc bo cua nhing thanh thép hop chit nhat rong dugc thé hién
trong Bang 5 thi dugc tinh todn twong tu nhu trén va duogc trinh bay trong Bang 6.

Bang 6. Két qua tinh toan

Cac mau O cr,CUFSM O cr, THIN-WALL Tcr O cr,Seif va Schafer O cr,Trahair
(MPa) (MPa) (MPa) (MPa) (MPa)

RI-1 408,7 408,7 4118 (-0,8%) 3917 (42%) 4058 (0,7%)
R1-2 316,3 316,3 316,2 (0,0%) 316,2 (0,0%) 314,5 (0,5%)
R2-1 361,7 361,7 3552 (1,8%) ) 4022 (-11,2%)
R2-2 238,6 238,6 241,5 (-1,2%) - 234,0 (1,9%)
R3-1 458.,0 458,0 442.0 (3,5%) - 448,1 (2,2%)
R3-2 400,8 400,8 411,6 (-2,7%) - 416,4 (-3,9%)
R4-1 500,8 500,8 488,9 (2,4%) - 481,6 (3,8%)
R4-2 4724 472,4 4718 (0,1%) ; 518,6 (-9,8%)
R5-1 1283 128,3 126,5 (1,5%) - -

R5-2 125,1 125,2 126,5 (-1,0%) - -

R6-1 132,3 132,3 128,9 (2,6%) - 87,5 (33,9%)
R6-2 132,1 132,1 128,9 (2,5%) - 117,3 (11,2%)
R7-1 134,7 134,7 130,7 (2,9%) - -

R7-2 135,0 135,0 130,7 (3,2%) - -

R8-1 136,5 136,5 137,3 (-0,5%) - -

R8-2 136,8 136,8 137,3 (-0,3%) - -

R9-1 138,0 138,0 136,6 (1,0%) - -

RO-2 138.2 1383 136,6 (1,2%) ; ]
R10-1 139,3 139,3 138,0 (0,9%) - -
R10-2 139,5 139,5 138,0 (1,1%) - -

Can ctr vao két qua duoc trinh bay trong Bang 6, (mg suat t&i han cuc bd duge xac dinh dya vao
nhitng cong thirc d€ xuat thi c6 su twong dong vai két qua cia chuong trinh CUFSM va chuong trinh
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THIN-WALL, khi sai s6 cho tat ca céc truong hop déu dudi 4,0%. Trong khi d6 cong thirc dé xuat
ctia Seif va Schafer [6] thi c6 sai s6 14 4 2% cho ty s6 iy /t, = 1,0. Bén canh do, ket qua tinh toan dya
trén biéu dd cia Trahair [1] thi c6 sai sb rt 16n 1én dén khoang 34% cho ty sb tr/tw = 2,0 dbi voi
chuong trinh CUFSM. Do @6, cac cong thiic dé xuét xac dinh hé s6 6n dinh cling nhu xac dinh tng
suét t6i han cuc bd cho thanh thép chit nhat chiu nén déu c¢6 do tin cay cao.

4. Két luin

Bai bao sir dung phuong phép dai hitu han ban giai tich trong chuong trinh CUFSM dé xac dinh
ung suét t6i han cuc bd cta thanh thép hop chir nhat r5ng chiu nén ding tam. Két qua phan tich cho
thdy ung suét t6i han cuc bd khong phu thudc vao chiéu dai thanh ciing nhu ty s L/h, ma phu thudc
vao ty sb chiéu day véi bé rong va ty s6 bé rong v6i chiéu cao. Do d6 cac cong thirc tinh toan hé sb
6on dinh ciing nhu 1a ng sudt t&i han cuc bd cho thanh thép chir nhat rong duoc dé xuét khi ké dén su
tuong tac gitra ban canh va ban bung, cac cong thire duoc thiét 1ap véi ty s6 bé day ban canh véi bé
day ban bung thay d6i tir 0,75 dén 3,0.

Céc cong thirc dé xuat dam bao do tin cay khi so sanh v6i mot sb nghién ctru dd dugc cong bd, dong
thoi két qua thu dugc c6 hé s6 bién thién rt thip CoV < 4,0% va hé s xéac dinh rat cao R* > 0,9980
khi so sanh v6i két qua ciia phuong phap so.

Tai liéu tham Khao

[1] Trahair, N. S., Bradford, M. A., Nethercot, D. A., Gardner, L. (2008). The behaviour and design of steel
structures to EC3. Taylor & Francis, 2 Park Square, Milton Park, Abingdon, Oxon.

[2] Cheung, Y. K. (1976). Finite strip method in structural analysis. Pergamon Press, England.

[3] Schafer, B. W., Adany, S. (2006). Buckling analysis of cold-formed steel members using CUFSM:
conventional and constrained finite strip methods. Proceedings of the Eighteenth International Specially
Conference on Cold-Formed Steel Structures, Orlando, Florida, 39—54.

[4] Bui, H. C. (2012). Phan tich 6n dinh dan hdi tim va thanh thanh méng bang phwong phap dai hitu han.
Tap chi Khoa hoc Cong nghé Xdy dung (TCKHCNXD) - DHXDHN, 6(1):12-23.

[5] Bui, H.C.(2009). Buckling analysis of thin-walled sections under general loading conditions. Thin-Walled
Structures, 47(6-7):730-739.

[6] Seif, M., Schafer, B. W. (2010). Local buckling of structural steel shapes. Journal of Constructional Steel
Research, 66(10):1232-1247.

[7] Vieira, L., Gongalves, R., Camotim, D. (2018). On the local buckling of RHS members under axial force
and biaxial bending. Thin-Walled Structures, 129:10-19.

[8] Kuwamura, H. (2003). Local buckling of thin-walled stainless steel members. Steel Structures, 3(3):
191-201.

[9] Shi, G., Zhou, W., Bai, Y., Lin, C. (2014). Local buckling of 460MPa high strength steel welded section
stub columns under axial compression. Journal of Constructional Steel Research, 100:60-70.

[10] Schillo, N., Feldmann, M. (2015). Local buckling behaviour of welded box sections made of
highlstrength steel: Comparing experiments with EC3 and general method. Steel/ Construction, 8(3):
179-186.

[11] Yoo, J.-H., Kim, J.-W., Yang, J.-G., Kang, J.-W., Lee, M.-J. (2013). Local buckling in the stub columns
fabricated with HSA800 of high performance steel. International Journal of Steel Structures, 13(3):
445-458.

[12] Shi, G., Zhou, W., Lin, C. (2015). Experimental investigation on the local buckling behavior of 960 MPa
high strength steel welded section stub columns. Advances in Structural Engineering, 18(3):423—437.

[13] Yang, K.-C., Chen, S.-J., Lin, C.-C., Lee, H.-H. (2005). Experimental study on local buckling of fire-
resisting steel columns under fire load. Journal of Constructional Steel Research, 61(4):553-565.

[14] Gunalan, S., Bandula Heva, Y., Mahendran, M. (2015). Local buckling studies of cold-formed steel
compression members at elevated temperatures. Journal of Constructional Steel Research, 108:31-45.

82


https://doi.org/10.1016/B978-0-08-018308-4.50006-7
https://doi.org/10.1016/j.tws.2008.12.003
https://doi.org/10.1016/j.jcsr.2010.03.015
https://doi.org/10.1016/j.tws.2018.03.022
https://doi.org/10.1016/j.tws.2018.03.022
https://doi.org/10.1016/j.jcsr.2014.04.027
https://doi.org/10.1016/j.jcsr.2014.04.027
https://doi.org/10.1002/stco.201510028
https://doi.org/10.1002/stco.201510028
https://doi.org/10.1007/s13296-013-3005-2
https://doi.org/10.1007/s13296-013-3005-2
https://doi.org/10.1260/1369-4332.18.3.423
https://doi.org/10.1260/1369-4332.18.3.423
https://doi.org/10.1016/j.jcsr.2004.07.001
https://doi.org/10.1016/j.jcsr.2004.07.001
https://doi.org/10.1016/j.jcsr.2015.01.011
https://doi.org/10.1016/j.jcsr.2015.01.011

[15]
[16]

[17]

[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]

[26]
(27]

(28]

[29]

Qudc, C. B. T., Cudng, B. H. / Tap chi Khoa hoc Cong nghé Xay dung

Wang, W, Li, X., Al-azzani, H. (2021). Experimental study on local buckling of high-strength Q960 steel
columns at elevated temperatures. Journal of Constructional Steel Research, 183:106716.

Rokilan, M., Mahendran, M. (2021). Design of cold-formed steel columns subject to local buckling at
elevated temperatures. Journal of Constructional Steel Research, 179:106539.

Tang, Y., Yau, Y. k., Wilkinson, T., Tahmasebinia, F. (2019). Local buckling behaviour of rectangular
hollow section under combined bending and shear. Proceedings of the 17th International Symposium on
Tubular Structures(ISTS17), Research Publishing Services, 512-519.

Qiao, P., Shan, L. (2005). Explicit local buckling analysis and design of fiber—reinforced plastic composite
structural shapes. Composite Structures, 70(4):468—-483.

Uy, B., Bradford, M. A. (1996). Elastic local buckling of steel plates in composite steel-concrete members.
Engineering Structures, 18(3):193-200.

Bock, M., Real, E. (2015). Effective width equations accounting for element interaction for cold-formed
stainless steel square and rectangular hollow sections. Structures, 2:81-90.

Gardner, L., Fieber, A., Macorini, L. (2019). Formulae for calculating elastic local buckling stresses of
full structural cross-sections. Structures, 17:2-20.

Cuong, B. H. (2021). Local buckling of thin-walled circular hollow section under uniform bending.
Journal of Science and Technology in Civil Engineering (STCE) - HUCE, 15(4):88-98.

Nguyén, B. H. (2017). Vén dé 6n dinh cuc b ban bung cot thép tiét dién chir I to hop chiu nén léch tam
theo TCVN 5575:2012. Tap chi Khoa hoc Cong nghé Xay dung (TCKHCNXD) - DHXDHN, 11:94-99.
Ding, H. M., Nguyén, H. P., Nguyén, V. ., Phing, V. B. (2017). Phén tich 6n dinh ciia thanh mong duéi
tac dung cua hé tai trong va diéu kién bién phtic tap. Tap chi Khoa hoc va Cong nghé, 25.

Tran, T. T. V., Hoang, V. B. (2017). Tinh 6n dinh c6t c6 d6 cimg tiét dién thay ddi bang phuong phap sai
phéan hitu han. Tap chi Kién tric - Xdy dung, 27:23-26.

Eurocode 3 (2006). Design of steel structures - Part 1-5: Plated structural elements. Brussels, Beligum.
AISI S100 - 16 (2016). North American specifications for the design of cold-formed steel structural
members. Chicago, IL, USAs.

Papangelis, J. P., Hancock, G. J. (1995). Computer analysis of thin-walled structural members. Computers
& Structures, 56(1):157-176.

Eurocode 3 (2006). Design of steel structures - Part 1-3: General rules - Supplementary rules for cold-
formed members and sheeting. Brussels, Beligum.

83


https://doi.org/10.1016/j.jcsr.2021.106716
https://doi.org/10.1016/j.jcsr.2021.106716
https://doi.org/10.3850/978-981-11-0745-0_087-cd
https://doi.org/10.3850/978-981-11-0745-0_087-cd
https://doi.org/10.1016/j.compstruct.2004.09.005
https://doi.org/10.1016/j.compstruct.2004.09.005
https://doi.org/10.1016/0141-0296(95)00143-3
https://doi.org/10.1016/j.istruc.2015.02.003
https://doi.org/10.1016/j.istruc.2015.02.003
https://doi.org/10.1016/j.istruc.2019.01.012
https://doi.org/10.1016/j.istruc.2019.01.012
https://doi.org/10.31814/stce.huce(nuce)2021-15(4)-08
https://doi.org/10.1016/0045-7949(94)00545-e

	1 Đặt vấn đề
	2 Đề xuất công thức xác định hệ số ổn định
	2.1 Ảnh hưởng của tỷ số chiều dài với chiều cao 
	2.2 Công thức đề xuất đối với thanh thép chữ nhật có chiều dày bản cánh và chiều dày bản bụng bằng nhau
	2.3 Công thức đề xuất đối với thanh thép chữ nhật có chiều dày bản cánh và chiều dày bản bụng khác nhau 

	3 Ví dụ tính toán
	4 Kết luận

