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Tom tét: Bai béo trinh bay phuong phép Direct
Strength Method (DSM) trong thiét ké céu kién thép
tao hinh nguéi chjiu nén va uén theo tiéu chuén
AS/NZS 4600:2018. Phan mém THIN-WALL-2 duoc
giGi thiéu dé xac dinh (ing suét mét én dinh cda tiét
dién ma st dung trong tinh toan cta phwong phap
DSM. Céc vi du tinh toan sau dé dwoc dwa dé xac
dinh khd ndng chju nén va ubn cua céu kién thép
tao hinh ngudi tiét dién chi¥ C dwa trén céc co sé&
tinh toan da trinh bay.

T khoa: thép tao hinh ngudi; nén va udn;
phuong phdp cuwong do truc tiép; tiéu chudn
AS/NZS 4600:2018.

Abstract: This paper presents the Direct
Strength Method (DSM) in designing cold-formed
steel members subjected to compression and
bending according to AS/NZS 4600: 2018 Standard.
THIN-WALL-2 software is introduced to determine
sectional buckling stresses using in DSM method
design. Examples are subsequently given to
calculate compressive and flexural capacities of
cold-formed Channel members on the basis of the
presented design method.

Keywords: cold-formed steel; compression and
bending; the Direct Strength Method; AS/NZS
4600:2018 standard.

1. Gi¢i thiéu

Két céu thép tao hinh ngudi cé xu huwéng st
dung ngay cang phd bién trén thé gi¢i bdi cac wu
diém cla né vé chi phi vat liéu, cbng nghiép hda
trong san xuét ciing nhw thuan tién trong van
chuyén va 1&p dung [1]. Loai két ciu nay da duwoc
&ng dung kha phd bién cho cac nha thap tang nhw
van phong, bénh vién va trwdng hoc tai My hay
Australia [1], va bwéc du dwoc quan tdm st dung
tai Viét Nam. Két ciu thép tao hinh ngudi da dwoc
quy dinh trong tiéu chuan thiét k& cta My AISI
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S100-16 [2], Chau Au [3] va Australia AS/NZS
4600:2018 [4].

Vé ly thuyét tinh toan, phwong phap bé rong
hiéu dung (EWM) ([5], [6]) dwoc dé xuat dwa trén
nén tang ly thuyét én dinh cta tdm phang. Anh
hwéng mét 4n dinh cuc bo té¢i kha ndng chiu luc cla
cau kién da dwoc ké dén trong tinh toan, song
nhwoc diém cta phwong phap nay 1a khéi lwong
tinh toan I&n va khong tinh dwoc cac tiét dién phirc
tap hodc nhiéu swon trung gian. Cac nhuoc diém
nay dwoc khic phuc bang cach s dung phuong
phap DSM. Phwong phap nay duoc dé xuét bdi
giao suw Grogery Hancock (Australia) va hoan thién
b&i gidao sw Ben Schafer (My), da dwgc dwa vao
trong tiéu chuén thiét ké ctia My [2] va Australia [4].
Phwong phap DSM cé moét sb wu diém so voi
phwong phap bé rong hiéu dung (EWM) nhw sau
(xem [7]): 1) Quy trinh thiét ké don gidn hon trong
xac dinh kha nang chiu lyc cia ciu kién, dac biét
cho cac tiét dién phc tap véi nhiéu swon trung
gian; 2) Phuong phap nay tan dung kha nang phan
tich 6n dinh tuyén tinh tir cac cong cu sb héa ma cé
thé xem xét sy twong tac va can bang gitra cac
phan t& cha tiét dién. Tuy nhién, gid¢i han cua
phwong phap DSM da dwoc bao cao béi Schafer va
Pekoz [7] rang céc tiét dién manh ma c6 (ng suét
mat 6n dinh tién téi khong, dan dén kha nang chiu
lwe cla cAu kién cling tién téi khong.

Bai b&o trinh bay cach tinh toan ciu kién thép
tao hinh ngudi bang phwong phap cwdng do truwc
tiép (DSM) theo tiéu chuidn AS/NZS 4600:2018 [4],
v&i sy hd tro clia phan mém phan tich én dinh dan
hdi THIN-WALL-2 [8], va sau d6 dung vao cac vi du
cu thé cho cau kién thép tao hinh ngudi chir C chiu
nén va chju udn.

2. Phwong phap cwong dé trwc tiép (DSM)

Phuwong phap cuong do truc tiép duwoc phat
trién bdi Schafer and Pekoz ([1], [7], [9]) bat ngudn

73



QUY CHUAN - TIEU CHUAN

tr phwong phap thiét ké xac dinh cwérng d6 méat 6n
dinh méo (distortional buckling) cta tiét dién thanh
thanh méng dé xuét b&i Hancock et al[10]. Phwong
phap DSM dung xac dinh kha nang chiu luyc cla tiét
dién va cu kién thép tao hinh ngudi st dung phan

tich mat én dinh dan hdi va (rng suét chay (f,). Do
manh danh nghia dwgc dwa ra cho moi dang mét
4n dinh cu thé phu thudc vao ng suat mat 6n dinh
dan héi va ng suat chdy, nhw cac cong thirc dudi
day:

1= b D& manh mét 6n dinh téng thé (1)
(]
ﬁ:ro
1 = b D06 manh méat &n dinh cuc bd )
1
fcrl
A = Sy D6 manh méat 6n dinh méo (3)
7 foa
CcTr

trong d6: fy - ng suét chay, fero, for VA fora tong
&ng & (rng sudt mat 4n dinh téng thé, cuc bod va
méo. Cac gia tri d manh danh nghia nay dwoc s
dung tryc tiép dé tinh cwong d6 méat 6n dinh tong
thé, cuc bd va méo theo muc 7.2.1 va 7.2.2 tiéu
chuan AS/NZS 4600:2018[4] trinh bay nhw dwdi day
cho c4u kién tiét dién nguyén khéng giam yéu chiu
nén va chiju udn.
2.1 Cau kién chju nén tiét dién nguyén khéng
giam yéu

Kha n&ng chiju lwc danh nghia ctia ciu kién chiu
nén la gia tri nhé nhat cla cwong dd mat én dinh
tdng thé (Nce), mat 6n dinh cuc bd (Nc), va mét 6n
dinh méo (Ncd).

- Cuwong do mat 6n dinh téng thé:

V6i Ao < 1,5: N, = (0,658%)N,, (4)
VéiA> 1,5 N, = (“':27 7) N, (5)
trong do:

Ac - A6 manh khéng don vi, A, = /N, /N,;

Ny - cwong d6 chdy déo cla cau kién chiu
nén, Ny:Agfy;

Noc - lwc mét 6n dinh dan hdi nhé nhét chiu
nén trong cac dang mat é6n dinh udn, xoan, va ubn-
x0&n dong thoi, Noc =Agfoc;

foc dworc xac dinh theo Phu luc D, tiéu chuén
AS/NZS 4600:2018[4].

- Cwong dd méat 6n dinh cuc bd
V6&i A< 0,776: Ny = N, (6)

Voi &> 0,776: N, = 1 - 0,15 (22)™] (22)™ w7
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trong do:
Ai- d6 manh khong don vi, 1; = \/N../No;;
Noi - lwrc mat &n dinh cuc bd dan héi, No=Agfor;

fol - 'ng suat mat &n dinh cuc bd dan héi chiu
nén, xac dinh bang phan tich méat 6n dinh dan hbi.

- Cuwong do mét én dinh méo:

V6i Aa < 0,561: Nog = N, (8)

V&i Aa> 0,561:N,, = [1 ~0,25 (M)O'é] (M)% N,(9)
d ’ Ned — 4 y

Ny

trong doé:

Ad- d0 manh khéng don vi, 15 = /N, /Noq;

Nod - lrc mat &n dinh méo dan hdi, Noda = Ag fod:

fod - ’Ng suat mat 6n dinh méo dan hdi, xac dinh
bang phan tich mat 6n dinh dan hdi.
2.2 Cau kién chju uén tiét dién nguyén khéng
giam yéu

Kha nang chiu mé men danh nghia la mé men
danh nghia nhé nhat cta cuéng dd mat 6n dinh

ubn-xoan (Moe), mat &n dinh cuc bd (M), va mét én
dinh méo (Mba).

- M6 men mét én dinh uén-xoan:

V&i Mo < 0,56My: M, = M, (10)
Vi 2,78My = Mo20,56My: My, == [1 - %] M, (11)
V6i Mo< 2,78My: My, = M, (12)

trong doé: My va Mo twong (rng la mdé men chay va
md men méat &n dinh ubn-xoan.

- M6 men mat én dinh cuc bo:

Vi A< 0,776: My, = M,, (13)
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Mo,

V&i A>0,776: My, = [1 — 015 (—)M] (

Mpe

trong do:

Ai- d6 manh khéng don vi, 4; = \/Mp./M,;;

0,4
o) My (14)

Mpe

Zi - d6 clrng chdng udn tiét dién nguyén.

- M6 men méat én dinh méo:

Mo - m& men mét 6n dinh cuc bo dan, Mo=Zo ; V&i A< 0,673: My, = M, (15)
fo - ’ng suat mat én dinh cuc bo dan héi chiu
udn, xac dinh bang phan tich méat 6n dinh dan hoi;
& Moq 05 Moq 05
Vi A> 0,673 My, = |1 — 0,22 (M—y) (My) M, (16)

trong dé

Ad - 46 manh khong don vi, 1y = /M, /M,q ;

Mod - m& men mét 6n dinh méo dan hdi.
3. Phan mém THIN-WALL-2

THIN-WALL-2 [8] 1& mét phan mém phan tich
mat n dinh clia két cAu kim loai tao hinh ngudi nhw
thép va nhéom, dwoc phat trién bédi nhém tac gia
(TS. Van Vinh Nguyen, TS. Cao Hung Pham & GS.
Gregory Hancock) tai tredng Dai hoc Sydney. Phién
ban dau tién cia phan mém THIN-WALL dwoc phat
trién tr nam 1993 bdi Gido sw Gregory Hancock
dwoc viét trén 1ap trinh Fortran, phan tich méat én
dinh cla tiét dién tao hinh ngudi chiu udn va chiu
nén. THIN-WALL-2 sau dé dwoc phat trién co thé
phan tich mat 6n dinh cho céac tiét dién tao hinh
ngudi khéng chi chiu udn, chiu nén ma con chiu cét,
lwe cuc bd hay 1a cac dang chiu lwc két hop. Chi tiét
vé phadn mém nay dwoc trinh bay trong cac céng bd
chinh thrc clia cac tac gia ([8], [11], [12]). Giao dién
ctia phdn mém nay dwoc thé hién nhw hinh 1.

Chuwong trinh nay duwoc viét dwa trén nén tang
phwong phap dai ban hiru han, la phwong phap
dwoc phat trién bdi gido sw Y.K. Cheung [13] tir
nadm 1976. Phwong phap nay da thé hién dwoc tinh
hiéu qua trong phan tich két ciu bang cach chia nhd
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phan t& két ciu thanh nhirtng dai ban hiru han hai
chiéu hoac ba chiéu (hinh 2), gidm di sb lwong phan
tlr phan tich so v&i phwong phap phan tir hiru han
[13] d&n dén don gidn hon trong phan tich phan tir
két cAu.

Phadn mém THIN-WALL-2 [8] dwa ra két qua
phan tich mat 6n dinh clia mét tiét dién dwéi dang la
mét dwdng cong “Signature Curve” dwgc dich la
“Duéng cong chir ky” ma thé hién dwoc mdi quan
hé gitra &ng suit méat 6n dinh va chidu dai nra
buwéc séng clia cac dang mét 6n dinh. Mbi tiét dién
riéng biét cé mot “BDudng Cong Chir Ky” riéng biét
d&c trung cho tiét dién d6. Hinh 3 biéu dién mot
dudng cong tng suat mat dn dinh cho mot tiét dién
khi chju nén, dac trweng bi hai gia tri cyc tiéu. Gia
tri cuwc tiéu dau tién ng véi chiéu dai nira budc
séng ngan nhat la (rng suat mat én dinh cuc bd
(local buckling stress), va gia tri cuc tiéu thi hai (rng
v&i nira budc séng dai hon la &ng suit mét 6n dinh
méo (distortional buckling stress). Cac gia tri trng
suét v&i chiéu dai nira budc séng I16n hon la dwong
cong Eurler. Gia tri ®'ng suit mét 6n dinh cuc bd va
méat &n dinh méo tir phan mém THIN-WALL-2[8]
duwoc dung dé xac dinh khd nang chiu lwc cla clu
kién tao hinh ngudi bang phwong phap cwdng do
truc tiép (DSM) trinh bay trong phan truéc.
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Hinh 3. Buong cong (g suét mat én dinh cua moét tiét dién chju nén
4. Vi du tinh toan Lipped Channel LL20330 (hinh 4) duwoc lay tw

Catalogue thép tao hinh ngudi cla BlueScope
Lysaght [14] Grade 300 (fy = 300 MPa) v&i théng sb

Xac dinh kha nang chiu lwc cia cot thép tao  hinh hoc: D=203 (mm); B=76 (mm); L=24 (mm);
hinh nguéi chi¥ C chiu nén ding tam hai dau lién két  t=3,0 (mm); Dién tich A= 1140 (mm?); M& men quan
khép voi chidu dai la 2,5m va 4,0m. Tiét dién tinh: 1x=7,115e+6 (mm%); 1y=0,875e+6 (mm*); DO

4.1 C4u kién chiju nén
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clng chdéng ubn: Zx=70,1e+3 (mmd); Z,=16,54e+3

(mm); Dac trwng chiu xodn: J=3420 (mm?); l,=7439
(mm?3); Ban kinh quan tinh: =79 (mm); =277

(mm®); Toa d6 tam cét: xo= 55,7 (mm); yo=0.

Hinh 4. Kich thuéc hinh hoc cua tiét dién Lipped Channel [14]
a. Phan tich mét én dinh tuyén tinh

Mét én dinh téng thé: dwoc xac dinh theo phu luc D, tiéu chuidn AS/NZS 4600:2018 [4]. ng suat méat 6n
dinh tbng thé 1a gia tri nhé hon duéi day:

ng suat mat 6n dinh udn (foy):
’E
oy = 2 17)
(Iey / ry)

Ung suat mat 6n dinh udn xoén (fox):

1
f :—[f+f— f+f2—4ff}
[0).¢4 Zﬂ ( [0)4 OZ) \/( (0):4 OZ) ﬂ 0OX "0z

(18)

trong do: Ag, J, lw, Ix, Iy - cac thong sb hinh hoc;
ley - chiéu dai tinh toan theo truc'y; lex, ley, lez - GAC chidu dai tinh t0an, lex = ley = lez =
r - ban kinh quan tinh cda tiét dién nguyén;

fox, for - ng suat méat 6n dinh tuyén tinh ubn

A . | - chiéu dai hinh hoc cla cAu kién;
theo truc x va mat 6n dinh xoan theo truc z;
22 foi - ban kinh quan tinh truc dbi véi tam cét;
fon = (19)
(I /1)

r, = \/rf +0 X0 + Yo
P GJ [1+ 7°El, j (20) Xo, Yo - toa dd tam cét cla tiét dién;
oz 2 2 , 2
AT e H& sé B duoc quy dinh theo tiéu chudn AS/NZS
E - mé dun dan hdi cta thép, E = 200000  4600:2018[4].
(MPa);

3 . — %)
G - md dun dan hdi chiu ct cia thép, G = p=1-(2)
80000 (MPa);

Bang 1. Ung suét mét én dinh téng thé cta cau kién chju nén

Chiéu Chiéu dai tinh toan (m) Céac thanh phan (rng suat (MPa) Ung suat méat én
dai (m) lex |ey lez foy fox foz foxz dinh téng thé foc
(MPa)
25 2,5 25 25 242 1969 221 213 213
4,0 4,0 4,0 4,0 94,6 769 100 95,7 94,6
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Nhan xét: M4t 6n dinh do ubn xodn xay ra voi
cAu kién 2,5m, va mét 6n dinh udn xay ra véi ciu
kién 4,0m.

Mét 6n dinh tiét dién: s dung phan mém THIN-

WALL-2[8].

PETS SENATURE CURVE
25 [ R " i 1 [NERN

0 View. IO Ve

a) Mat én dinh cuc bod

Tiét dién Lipped Channel LL20330 dwoc khai
bdo va phan tich trong phdn mém THIN-WALL-2,
cho gia tri ’ng sut mét &n dinh nhw sau:

Gia tri wng suit mat 6n dinh cuc bod (local
buckling stress) for = 235,14 (MPa);

Gia tri wng suat méat &n dinh méo (distortional
buckling stress) fod = 345,34 (MPa).

a0 SISNATURE CURVE
[ T T

[ A ! T

0 View

b) M4t 6n dinh méo

Hinh 5. “Signature Curve” cho tiét dién Lipped Channel LL20330 chju nén

b. X&c dinh kha néng chiju luc ctia cau kién chju nén bang phuong phap DSM

Bang 2. Kha nang chiu luic cta cau kién chiu nén

Chiéu dai Mét 4n dinh téng thé Mét &n dinh cuc b Mét 6n dinh méo Kha nang
(m) A Nce(kN) A Nai(kN) A4 Ned (kKN)  chiu lpc (kN)
2,5 1,18 189 0,84 180 0,93 270 180
4,0 1,78 94,5 0,59 94,5 0,93 270 94,5
Nhan xét: quén tinh: =79 (mm); ry=27,7 (mm); Bac trwng chiu

M4t 6n dinh téng thé xay ra v&i ciu kién dai
(4,0m) tai gia tri lwc 94,5 kN.

V6&i chu kién ngén (2,5m), kha nang chiu luc
cta ciu kién da gidm tr 189 kN xudng 180 kN do
anh huédng mét én dinh cuc bo.

4.2 C4u kién chiju uén

Xac dinh kha nang chiu ubn thuan tay cla tiét
dién chir C theo truc x-x co hai dau lién két khdp voi
chiéu dai 3,0m va 5,0m. Tiét dién Lipped Channel
LL20312 (hinh 4) dwoc |4y tr Catalogue thép tao
hinh ngudi clia BlueScope Lysaght [14] Grade 300
(f, = 300 MPa) v&i thong sé hinh hoc: D=203 (mm);
B=76 (mm); L=24 (mm); t=1,2 (mm); Dién tich A=
465 (mm?); M6 men quan tinh: 1x=2,97e+6 (mm?%);
ly=0,379e+6 (mm?*); D6 cing chéng ubn:
Zx=29,3e+3 (mmd); Zy=7,09e+3 (mm?3); Ban kinh
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xo0an: J=223,6 (mm?); 1w=3280 (mm®); Toa d6 tam
cat: xo= 57,9 (mm); yo=0.
a. Phéan tich mét én dinh tuyén tinh

Mé men mét én dinh téng thé dwoc xac dinh
theo phu luc D, tiéu chudn AS/NZS 4600:2018 [4],
nhuw sau:

Mo = CbAgr-ol \’ foy foz
trong dé: Cp - hé sé phu thudc vao biéu dd phan bb
moé men, Co =1,0 (M6 men phan bb déu), chi tiét

xem thém phu luc D.2 AS/NZS 4600:2018[4]:
Aq - dién tich tiét dién nguyén;

(21)

fol - ban kinh quan tinh vé&i tam cat, xem muc 4.1;

foy, foz - ng suéat mét 6n dinh tuyén tinh uén
theo truc x va mat én dinh xoan theo truc z, xem
cong thire (17) va (20) twong &ng.
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Bang 3. M6 men mét én dinh téng thé ctia céu kién chju uén

Chiéu Chiéu dai tinh toan (m) Céc thanh phan (rng suét (MPa) M6 men mét 6n
dai (m) lox loy lez for dinh tong thé (kNm)
3,0 3,0 3,0 3,0 178 149 7,82
5,0 5,0 5,0 5,0 56 2,87

Mét 6n dinh tiét dién: st dung phan mém THIN-
WALL-2[8].

Tiét dién Lipped Channel LL20312 dwoc khai
bao va phan tich trong phdn mém THIN-WALL-2,
cho gia tri ’ng suat mét 6n dinh nhw sau:

x17
15 1 [N [N [ |

Lo
tactor

=
bucking

Gia tri ng suét mét 6n dinh cuc bd (local
buckling stress) fo = 188,76 (MPa);

Gia tri 'ng suét mat 4n dinh méo (distortional
buckling stress) fod = 264,29 (MPa).

X 10 FIGKATURE CLRVE
o e T B e Py 111

Bucklz Har-wave lenglh rmy ace 10007

0 View. oV

30 View 20 View

a) Mat bn dinh cuc bd

b) M4t 6n dinh méo

Hinh 6. “Signature Curve” cho tiét dién Lipped Channel LL20312 chju uén

b. X4c dinh kha ndng chiju Iuc cua cau kién chju uén bang phuong phap DSM

Bang 4. Kha nang chiu luc cta cau kién chiu uén

Chiéu Mét &n dinh téng thé Mat 6n dinh cuc bd Mét 6n dinh méo Kha ning
dai (m) Mo (KNm) Mbe (KNm) A Mol (KNm) Aq Mbd (KNm) chiju lyc
(kNm)
3,0 7,82 6,63 1,097 5,29 1,066 6,54 5,29
5,0 2,87 2,87 0,722 2,87 1,066 6,54 2,87
Nhan xét: dwa ra xac dinh kha nang chiu nén va uén cla

M6 men mét 6n dinh téng thé xay ra véi ciu
kién dai (5,0m) tai 2,87 kNm.

V&i cAu kién ngan (3,0m), kha nang chiu mo
men da gidm tlr 6,63 kNm xudng 5,29 kNm do anh
hwéng ctia mat 6n dinh cuc bo.

5. Két luan

Bai bao da gi¢i thiéu phwong phap Direct
Strength Method (DSM) trong thiét ké céu kién
thép tao hinh ngudi chiu nén va ubn theo tiéu
chudn AS/NZS 4600:2018[4], v&i sy hd tro cla
phadn mém THIN-WALL-2 [8] trong phan tich mét
dn dinh cla tiét dién. Cac vi du tinh toan dwoc

Tap chi KHCN Xay dung - sb 4/2020

cdu kién thép tao hinh nguodi tiét dién chi C
(Lipped Channel) v&i cac chiéu dai khac nhau dé
thdy anh hwdng mat 6n dinh cuc bd dén kha nang
chiu lwc cha cau kién. M4t &n dinh tdng thé
thwong xay ra véi cac cu kién dai (hay cau kién
c6 d6 manh cao), trong khi d6 mét on dinh cuc bd
xu hwéng xay ra voi cac cau kién ngén (hay do
manh thap) dan dén gidm kha n&ng chiu luc cla
cac cau kién thép thanh thanh méng. Piéu nay
dwoc thdy trong cac vi du, khd ndng chiu lwc
gidm tlr 189 kN xubng 180 kN cho cAu kién chiu
nén va tlr 6,63 kNm xubng 5,29 kNm cho céu kién
chiu uén do anh hwéng méat én dinh cuc bo.
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