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Tom tét: Luc t6i han mét 6n dinh dan héi la théng s6 dau vao
quan trong ctia Phuong phéap Cudng dé Truc tiép trong tiéu
chudn AISI S100 nhdm xéc dinh d6 bén clia cac cau kién thép
tao hinh nguoi. Gia tri t6i han nay phu thudc vao dang tai
trong va diéu kién bién clia cau kién; tuy nhién, cac diéu kién
nay van chua dugc quy dinh day da trong tiéu chuan. Bai bao
nay nghién ctu Ung xt mat én dinh clia cac cau kién chiu
uén ¢4 tiét dién hinh chit Z va xem xét anh hudng clia cac
dang tai trong khac nhau dén mé6-men t6i han tuong duang.
So d6 dam don gian da dugc mé hinh héa bang phan mém
ABAQUS vdi nhiéu kich ban gia tai, bao gdbm: mé-men tap
trung tai dau dam, tai trong phan b6 déu va luc tap trung
doc theo chiéu dai dam. Két qua mo phong chi ra rang cac
loai hinh gia tai khac nhau ¢6 tac dong dang ké dén mo-
men t6i han tuong duong, do d6 can phai dugc xem xét mot
cach thoa dang. Tur két qua nghién clu, bai bao kién nghi
tiéu chudn AISI S100 nén cung cdp hudng dan ré rang hon
cho viéc mé hinh héa bai toan mat 6n dinh khi sir dung cac
phuang phép s6 dé xac dinh luc téi han clia toan bo tiét dién.
Tirkhéa: Mat 6n dinh, DSM, mé hinh héa, ABAQUS, mé men
t6i han, tiét dién chii Z.

1.Dat van dé

Kha nang chiu luc cta cac cdu kién thép tao
hinh ngudi theo Phuong phap Cuong do Truc tiép
(DSM) dugc quy dinh trong tiéu chudn AISI S100
[1, 2] va AS/NZS 4600:2018 [3], (CFS) phu thudc
vao d0 manh cla tiét dién, la mdt ham s6 cua tai
trong mét 6n dinh t6i han. Gid tri mét 6n dinh nay
dugc tinh todn theo Phu luc 2 ctia tiéu chuin AISI
§100. Quy dinh hién hanh cho phép xac dinh ting
suiat méit 6n dinh dan hoi, hodc cac ndi luc tuong
ting, bang cach st dung cac phuong phép s6 nhu
Phuong phap Dai hiiu han (FSM), Phuong phap
Phan td hitu han (FEM), hodc Ly thuyét Dam t6ng
quat (GBT).

Mic du md-men mat 6n dinh t6i han c6 lién
quan dén mo hinh tinh, nhung AISI S100 khong
néu quy dinh cu thé€ d6i v6i mo hinh dung dé
phan tich bai todan mét 6n dinh. Phin 2.2.5 cta
Huéng dan ap dung tiéu chuén (2016) [4] chi goi

Abstract: The critical elastic buckling load (or moment) is a
key input parameter for the Direct Strength Method (DSM)
as specified in the AlSI S100 standard for determining the
strength of cold-formed steel (CFS) members. This critical
value depends on the loading types and boundary conditions
of the member; however, these conditions are not yet
fully addressed in the specification. This paper investigates
the buckling behavior of Z-section flexural members and
examines the influence of different loading scenarios on the
equivalent critical moment. Simply supported beam models
were developed using ABAQUS software under various
loading conditions, including: concentrated end moments,
uniformly distributed loads, and concentrated forces applied
along the beam span. The simulation results indicate that
different loading types have a significant impact on the
equivalent critical moment and, therefore, must be properly
accounted for. Based on these findings, it is recommended
that the AISI S100 specification provide clearer guidance on
modeling buckling problems when using numerical methods
to determine the critical forces for the full cross-section.
Keywords: Buckling, DSM, modeling, ABAQUS, critical
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y rang cac diéu kién bién tai ddu ddm nén dugc
ly tudng hoa la goi tua don gian va khong can tré
hién tugng vénh (warping-free); tuy nhién, tai liéu
nay khong dua ra huéng dan déi véi phuong thic
gia tai. D6i voi cdu kién chiu udn, cac nghién ctiu
hién ¢4, chdng han nhu nghién ctu ctia Oey va
Papangelis va ctia Vii [5-11], thuong stt dung mo
hinh ddm don gian chiu uén thuén tuy, sau day goi
la "mé hinh ly tudng hoa".

Trong thuc té, cac ky su két cdu thuc hanh tinh
toan chu yéu dua trén cac quy dinh trong tiéu
chudn va it c6 diéu kién tiép cin véi cac nghién ctiu
ly thuyét chuyén sau. Su khac biét nay dat ra mot
cau hdi quan trong: liéu cac mo hinh gia tai thuc té
c6 nén dugc duing d€ thay thé cho cdc m6 hinh "uén
thuan tay" ly tudng hoa thuong diing d€ tinh toan
mo-men mat 6n dinh t6i han hay khong? Viéc thiéu
cac hudng dan r6 rang trong AISI S100 vé cac kich
ban gia tai c6 thé dan dén viéc tinh todn tai trong
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mat 6n dinh khong nhit quan hodc thiéu chinh x4c,
ti d6 lam anh hudng dén do tin cay cua gia tri do
bén du bao.

Do dé, bai bao nay nghién ctiu anh hudng cta
cac loai tai trong khac nhau dén mé men mét 6n
dinh dan hoi cta ciu kién chiu uén tiét dién chi
7200x80x20x2.

2. Cong thitc xac dinh dd bén udn theo phuong

phap DSM ciia tiéu chuan AISI $100

Do bén udn danh dinh dugc danh gia dya trén
cac dang mét 6n dinh khac nhau, bao goém:

D¢ bén udn danh dinh M_, xét dén tuong tac
gitia mit 6n dinh cuc bd va mat 6n dinh tong thé,
khi A, <5 dugc tinh todn theo cong thiic [2]:

1+0.1a,4” _

M = k Mne 5, 1
T r0550F T 7 ()
Trong do:
Trong do6 \ 1a do manh ctia tiét dién:
Mﬂe
A= 2)

crl

M . - Gi4 tri nh nhit gitia M, va M. Trong
dé, M__la do bén uon danh dinh b1 chi ph01 baoi
mat 6n dmh téng thé. M 1a m6é men dan hoi cta
cau kién.

M_, - M6-men mat 6n dinh cuc bo dan hoi t6i han.

1+0.07a,4;

M ittt i B
W= T, 604 v

(3)

D¢ bén uén danh dinh, M » doi v6i mat 6n
dinh méo sé dugc tinh toan theo cong thtic sau cho
truong hop A, < 5:

A= | (4)

Trong do: A, La d6 ménh cta tiét dién khi tinh
toan theo mat 6n dinh méo.

M_, - M6-men mét 6n dinh méo dan héi t6i han.

Cac mo-men mat 6n dinh dan héi t6i han, M_,
vaM_, dugc xac dinh theo Phuluc 2 ctia tiéu chudn
AISI S100.

Céc cong thtc trén thé hién rd anh hudng ctia
cdc md men téi han dén do bén cta ciu kién. Do
do, viéc Iua chon mé hinh tinh c6 thé lam thay déi
do6 bén cudi cung ctia két cau.

3. Mé hinh Phan ti hiiu han

M6 phong s6 dugc thuc hién bang phuong phap
Phan tt htu han (FEM) trong moi trudng phan
mém ABAQUS [12]. So d6 dam don gian chiu sau
loai tai trong khac nhau, bao gébm (xem Hinh 1):

- TH1: M6 men tap trung ddt tai hai dau dam:
bayla "mo hinh ly tuéng héa" thudng dugc st dung
trong phan mém CUFSM [13], THIN-WALL-2
[14] (Phuong phap dai hitu han) va GBTUL [15]
(Ly thuyét dam téng quat). Truong hop tai trong
nay sinh ra trang thai uén thuan tdy trén toan bo
chiéu dai ciu kién.

- TH2: Tai trong phan b6 déu trén ban bung:
Dbugc mo hinh hoa dudi dang luc ti€p tuyén bé mat
(area traction) trong ABAQUS.

- TH3: Tai trong phan b6 déu tai canh dudi.

- TH4: Tai trong phén b6 déu tai canh trén: tai
trong nay dai dién cho trong lugng tii tim lgp tac
dong truc tiép lén canh chiu nén.

- TH5: Lyc tap trung tai gitia nhip (L/2).

- Hai lyc tap trung doi xting: Pugc dit tai cac
vi tri 1/4 nhip (L/4 va 3L/4). Dang tai trong nay dai
dién cho thi nghiém tiéu chudn uén bén diém, vi
du nhu trong nghién ctiu cia Georgantzia [16].

Vat liéu dugc mo hinh héa la dan hoi tuyén
tinh v6i m6 dun dan hoi E = 200000 MPa va hé
s6 Poisson v = 0,3. D€ phan anh lién két thuc té,
mdt phang gdn tai va gdi tya dugc ldy trung voi mat
phang ctia ban bung, nhu minh hoa trong Hinh 1.

8/[=IkN‘m M=lkN.§ lP:ZkN
’% L =2000 mm ”];77 !_ L =2x1000 ”]2‘:77
TH 1 TH 5
q=2kN/m 500
Auuuu H”“"H

TH2,3,4

rﬁmlii

Hinh 1. Mé hinh tinh va tiét dién

4. Két qua mé phéng

Hinh 2 thé€ hién cac dang mat 6n dinh ctia cac
truong hop tai trong tit TH1 dén TH6. Cac mo-
men mat 6n dinh dan héi t6i han tuong ting dugc
tom tat trong Bang 1 dé tién so sanh. Trong Hinh
2, hinh (a) va (b) dai dién cho mo hinh két cau
ly tudng chi xuét hién uén thuan tdy, tuong Gng
v6i hai dang mat 6n dinh riéng biét: dang mat 6n
dinh méo (Hinh 2a) va dang mét 6n dinh cuc bo
(Hinh 2b). Cac dang nay dugc phéan biét boi cac
ntia budc song dic trung va quy luat bién dang
doc theo cdu kién.

Céc gid tri m6 men t6i han (M_, va M_ ) trinh
bay trong Bang 1 dugc xdc dinh bang cach nhan gia
tri m6 men udn 16n nhat cua cau kién véi tri riéng
(hé s6 tai trong) thu dugc tii phan tich mét 6n dinh
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a) TH1: Mt 6n dinh méo

d) TH3: Mét 6n dinh cucbd

\

g) TH5: Mat 6n dinh cucbd

b) TH1: Mét 6n dinh cucbd

\

€) TH4: Mt on dinh cucbd

f) TH6: Mat 6n dinh méo

Hinh 2. Gic dang mét on dinh

Béng 1. So sinh mé men t6i han tuong duong clia cac truong hop tai

trong khac nhau
M6  Dangtaitrong Matondinh  Matén dinh
hinh g cuchd
Mal A
kNm %
THT | MOmentdptrung Ghaiddudam | 7,283 | 0,0 | 12,052 | 0,0
TH2 | Taidién tich trén bé matban bung | - - 12,969 | 7,6
TH3 | Taiphan bo déu trén canh kéo - - 13,161 | 9,2
TH4 | Taiphan bo déu trén canh nén - - 13,161 | 9,2
TH5 | Luctdp trung dat 6 gilta nhip 9,447 | 29,7 | 13,040 | 8,2
TH6 | Hailuctdp trung dat 6 1/4 nhip 10,507 | 44,3 | 13,334 | 10,6

dan héi. Gia tri m6 men 16n nhét ctia cac trudng
hop tai trong dang xét TH1 dén TH6 déu xuat hién
& gitia dam. Hé s6 A dugc sti dung d€ danh gia anh
hudng cua so do chat tai. Hé s6 nay dai dién cho
phén trdm d¢ léch vé gia tri mo6 men t6i han cta
mot truong hop tai trong cu thé so v6i mo hinh ly
tudng hoa (TH1).

¢) TH2: Mét n dinh cucbd

N

f) TH5: Mat 6n dinh méo

\

i) TH6: Mét on dinh cucbd

5.Nhan xét

Truong hop dat tai ly tudng (mo6 men tap trung
& hai ddu dam, TH1) c6 day du hai dang mét 6n
dinh phén biét: dang mét 6n dinh méo (Hinh 2a)
& budc song dai, khoang 660 mm, xay ra trudc, véi
gid tri m6 men t6i han thu dugc M_ = 7,283 kN.m;
dang mat 6n dinh cuc bo (Hinh 2b) & budc song
ngan, khodang 125 mm, xdy ra sau, v6i gid tri mo
men t6i han thu dugc M_, = 12,052 kN.m. C4c séng
mdt dn dinh xay ra trén toan bd chiéu dai ddm la hé
qua ctia md men ndi luc phan bé déu. Trudng hop
TH1 sé dugc st dung lam co s& d€ so sanh véi cac
truong hop khac.

Céc truong hgp tai trong phan b6 déu (TH2,
TH3, TH4) chi quan sat thdy hién tugng mét 6n
dinh cuc b, xuat hién & gitia dam, 1a vliing c6 mo
men 16n (xem Hinh 2¢, d, e) . Hai ddu dAim moé men
nho khong xuét hién hién tugng mat 6n dinh. Gia
tri mo men t6i han tuong duong khong chénh nhau
nhiéu, tU 12,969 kN.m dén 13,161 kKN.m va chi
16n hon m6 men t6i han cta truong hop ly tudng
(TH1) tu 7,6 dén 9,2%. Tuy nhién theo cong thtic
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(2) va (4), moé men t6i han ting 1én sé lam giam
d6 manh ctia toan tiét dién, tit d6 lam tang do bén
danh nghia ctia ciu kién theo cong thtic (1) va (3),
ttic tinh toan thién vé khong an toan.

Khong quan sat thdy hién tugng mét 6n dinh
meéo xay ra doi véi truong hop tai trong phan bo déu.

Hai trudng hop tai tap trung TH5 va TH6 gay
ra ca hai hién tugng mét 6n dinh méo (Hinh 2f, h)
va mét 6n dinh cuc bo (Hinh 2g, i), tuong tu nhu
truong hgp TH1. Hién tuong mat 6n dinh méo
ciing xay ra trudc, hién tugng mat 6n dinh cuc b
xay ra sau va déu xudt hién tai vi tri dat luc tap trung.
Tuong ty nhu truong hgp TH2 dén TH4, moé men
t6i han cua TH5 va TH6 déu tang khong nhiéu so
v6i truong hop ly tuong TH1, v6i do chénh léch 16n
nhit la 10,6% va thién vé khong an toan.

So v6i hién tugng mdt 6n dinh cuc bd, hién
tugng mat 6n dinh méo xudt hién trong trudng hgp
chat tai TH5 va TH6 gay ra mo men t6i han 16n hon
nhiéu so véi gia tri mdé men t6i han ctia truong hop
chat hai moé men tép trung & hai ddu dam (TH1).
Miic chénh léch 16n nhat la 44,3%, tuong tGing véi
TH6. Day la mtc chénh léch dang ké va khong thé
bd qua.

6. Két ludn

Cdc m6 men mat 6n dinh dan hoi t6i han, M_,
(mat 6n dinh cuc bo) va M_, (mat 6n dinh méo),
6 lién quan mat thiét véi phuong thiic dat tai va vi
tri diém dat luc cu thé trén tiét dién. Viéc ap dung
mot mo hinh tinh toan khong phtt hgp ¢6 thé dan
dén nhiing sai s6 dang ké trong viéc du bao do bén
danh nghia khi st dung Phuong phap Cuong do
Truc tiép (DSM).

Két qua nghién ctiu trén tiét dién chii Z chiu uén
cho thdy, gia tri m6 men t6i han mat 6n dinh cuc b
cuia cac truong hop tai trong nghién ctiu chénh léch
khong nhiéu so v6i mo hinh ly tudng (ti 7.6% dén
10.6%), nhung lai thién vé khong an toan. Déi véi
truong hop mat 6n dinh méo, mé men t6i han ctia
cac truong hop tai trong TH5 va TH6 chénh léch
16n so véi truong hop ly tudng (TH1). D6 chénh
léch c6 thé dat dén 44.3%. Nhiéu truong hop tai
trong khong xudt hién mét 6n dinh méo.

Maic du Phu luc 2 cta tiéu chudn AISI S100 cho
phép st dung cac phuong phap s6 nhu Phuong
phap Dai hitu han (FSM) va Phuong phap Phan
ti httu han (FEM) d€ x4c dinh md men t6i han,
nhung tiéu chudn nay lai thiéu cac hudng dan chi
tiét vé viéc Iya chon mo hinh tai trong dé ap dung
trong phan tich mat 6n dinh. Do d6, can thiét phai
6 cac quy dinh chit ché hon trong tiéu chuén AISI
§100 lién quan dén viéc xay dung mo hinh s6. Su
chuén hoéa nay sé giip dam béo tinh nhit quan

va do an toan trong thiét ké két cau thép tao hinh
ngudi (CFS).4
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