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Tém tat: Bai bao tap trung xay dung cac cong
thirc gidi tich dé xac dinh cac déc trung hinh hoc
ctia céu kién thép thanh méng tiét dién hé, déc biét
phuc vu bai toan mét én dinh xodn udn. Péi turong
nghién ctu 1a cac céu kién thép thanh méng chju
nén, thuong duoc ché tao tir thép thanh méng tao
hinh ngudi, cé tiét dién phuc tap véi cac doan gép
mép, Iwdi va suwon. Co sé ly thuyét cda nghién ctu
dua trén ly thuyét thanh thanh mdéng Viasov, xét dén
anh huéng bién dang vénh cda tiét dién thong qua
toa do quat, tir d6 thiét |ap céc dai lvong quan trong
nhw vj tri tdm uén va mé men quéan tinh quat cda tiét
dién. Cac cong thirc dé xuét duoc kiém ching do tin
cdy théng qua cac vi du sé, déi chiéu truc tiép véi
két qua ttr cac phan mém CUFSM va GBTUL. Cudi
cung, cac dac trieng hinh hoc nay dwoc ap dung gé
tinh toan lyc téi han gay mét én dinh xodn uén cda
thanh chju nén, chimg minh tinh kha thi va hiéu qua
cla gidi phap giai tich dé xuét trong thuc hanh tinh
toan két cau.

Tw khéa: C4u kién thép thanh méng chju nén,
két c4u thanh thanh méng, mét 6n dinh xodn udn,
déc trung quat, cong thirc gidi tich

Abstract: This paper focuses on developing
closed-form analytical formulas to determine the
geometric properties of open-section thin-walled
steel members, with a particular emphasis on
flexural-torsional buckling analysis. The object of
this study is compressed thin-walled steel members,
which are typically fabricated from cold-formed thin-
walled steel and feature complex cross-sections
with folded edges, lips,
theoretical framework of this research is based on
Vlasov’s thin-walled beam theory, which accounts

and stiffeners. The

14

for the influence of cross-sectional warping
deformation through a sectorial coordinate system.
On this basis, vital parameters such as the shear
center location and the warping constant of the
section are successfully established. The reliability
of the proposed formulas is validated through
numerical examples and direct comparisons with
results obtained from the specialized software
packages CUFSM and GBTUL. Finally, these
derived geometric properties are applied to calculate
the critical load causing flexural-torsional buckling of
compressed members, demonstrating the feasibility
and efficiency of the proposed analytical solution in
structural engineering practice.

Keywords: Compressed thin-walled steel
members, Thin-walled structure, Flexural-torsional

buckling, Sectorial properties, Analytical formula
1. Giéi thiéu

Trong két cdu xay dwng, cac clu kién thép
thanh méng tao hinh nguéi ngay cang dwoc trng
dung réng rai nhd kha nang tdi wu khéi lwgng vat
liéu, gidm trong lwvgng ban than va nang cao hiéu
qua kinh t& cho coéng trinh. Dé gia ting dd crng
hinh hoc va kha nang chiu lwc chéng lai cac hién
twong mat 6n dinh, cac ciu kién nay thuwong dwoc
tao hinh dwéi dang tiét dién h& c6 céu tao phirc tap,
tich hop nhiéu nép gép, swon gia cwong dap
nghiéng va Iwdi (Hinh 1). Mét &ng dung chiu lwc
dién hinh va khat khe nhat cta dang két cu nay la
cac cau kién cot chiu nén trong cac hé khung nha
nhe, hoac hé théng c6t ké chlra hang tai trong I&n
thiét ké theo tiéu chudn EN 15512 [1] hay hwéng
dan AISI [2].
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Hinh 1. Uhg dung chju nén cda céu kién thép thanh méng trong két céu

Do d&c diém chidu day thanh rat nhé so véi kich
thwéc mat cat, cac cAu kién thép thanh méng cuc
ky nhay cam v&i cac dang mét 6n dinh dan héi, dic
biét 1a bai toan mét dn dinh xodn udn dan héi dwdi
tac dung cda lwc nén dang tam. Co s& co hoc két
cdu d& mod td wng xt phirc tap nay dwa trén ly
thuyét thanh thanh méng cda V. Z. Vlasov [3], trong
dé anh hwéng cla bién dang vénh ngoai mat phéng
dwoc dinh lwgng thdng qua viéc tich phan ham toa
dé quat.

Déi voi cac tiét dién hd don gian truyén théng
nhw chr C hoac chir | khdng swén, cac cong thic
gidi tich xac dinh dac trwng quat da dwoc trinh bay
twong dbi chi tiét. Dién hinh, Gil-Martin [4] d4 di sau
nghién ctru quy trinh xac dinh hé toa d quat chinh
cho thanh thanh méng, trong khi Lue [5] dé xuét quy
trinh s6 héa dwa trén viéc chia nho tiét dién thanh
cac phan t&r thang. Tuy nhién, giai phap cla Lue doi
héi quy trinh chia cat hinh hoc phtrc tap va tiéu tén
thoi gian khi &p dung cho cac céu kién cé nhiéu nép
gap. Tai Viét Nam, hwéng tiép can gidi tich nay
cling dwgrc cac tac gia trong nwéc ap dung hiéu qua
cho c4c tiét dién hinh dang phéng truyén théng, tiéu
biéu nhw céng thirc tinh toan d&c trng hinh hoc tiét
dién hé& cta Cuwdng [6], bai toan phan tich xoén
kiém ché tiét dién chir C cta Quyeén [7], hay gii
phéap xac dinh d&c trwng cho cac cau kién tiét dién
kin chiu xodn ctia Tuyén va cs. [8]. M&c du vay, cac
nghién ctu nay hau hét méi chi gidi quyét cho céac
hé swon phang hodc cac nép gép c6 goc udn vubng
g6c ¢b dinh 90e.

Khoang tréng nghién ciru hién nay la sy thiéu
vang cac cong thic gidi tich twdng minh dé xéac
dinh d&c trwng quat cho céc tiét dién co swon dap
nghiéng mét géc a bat ky. Khi gap dang tiét dién
d&c thu nay, ky sw két ciu hién nay thuwong phai
phu thudc hoan toan vao cac phdn mém mé phéng
sé nhw phan mém CUFSM cla Schafer va Adany
[9], Thin-Wall-2 cia Nguyen va cs. [10] hay chwong
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trinh GBTUL [11], hoac théng qua cac chwong trinh
tinh toan dwoc xay dwng tlr cac cong thire tbng quét
[6] va cla Xiang [12]. Mac du Freitas va cs. [13] da
dwa ra cac quy trinh tinh toan kiém tra hé cét, song
cong thirc gidi tich twédng minh danh riéng cho dac
trwng hinh hoc clta dang tiét dién nay van chua
dwoc thiét 1ap cu thé. Viéc bat budc phai xay dwng
mé hinh hinh hoc chi tiét va khai bao toa do tirng
diém nut trén phdn mém gay ra nhiéu bét tién, 1am
gidm tinh linh hoat trong giai doan tinh toan so b6
phwong an ho&c khi can kiém tra nhanh kich thuéc
thwe té tir cac danh muc sa&n phdm thwong mai nhw
Global Storage Solutions [14] nham Iwa chon quy
cach tiét dién.

Nham gidi quyét triet d& han ché néu trén,
nghién clru nay tap trung thiét |ap cac cong thic
gidi tich d& xac dinh chinh xac vi tri tam udn va mo
men quéan tinh quat cho tiét dién clu kién cé swon
nghiéng goc a bat ky. Cac cong thirc dé xuét cho
phép tinh toan nhanh cac d&c trung quat truc tiép tr
kich thwéc hinh hoc tiét dién ma khéng can xay
dwng md hinh sé phtc tap. D& chirng minh do tin
cay, cac két qua thu dwoc tir cong thirc gidi tich sé
duwoc kiém ching bang cach dbi chiéu voi két qua
phan tich sb tlr cac phdn mém CUFSM va GBTUL
trén mot dai kich thwéc khado sat. Cubi cung, cac
d&c trng hinh hoc quat nay dwoc ap dung dé phan
tich khd nang chiu nén dung tam cda céu kién theo
didu kién &n dinh xoan ubn, chirng minh tinh kha thi
va hiéu qua vwot trdi cia gidi phap giai tich dé xuét
trong thye hanh tinh toan két cau xay dwng.

2. Co' s& ly thuyét vé thanh thanh méng tiét dién h&

P& mo ta chinh xac &ng x& dan hdi cta cau
kién thanh méng tiét dién hé chiu xoén hodc xoén
ubn ddng thei, hién twong vénh ngoai mat phéng
cua tiét dién can dwoc dinh lwong mét cach chi tiét.
Né&n tang cla bai toan nay dwa trén ly thuyét thanh
thanh mang dan héi cta V. Z. Vlasov [3]
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Trén dwdng trung binh ctia mat cit ngang, xac
dinh mét cye tinh toan A(xa, ya) va mét diém gbc M
bat ky (Hinh 2). Tung dé quat w tai diém M, bét ky
trén tiét dién (ng véi chiéu dai cung s tinh tir gbc
M) dworc thiét lap tir bidu thire vi phan:

S
= Idw Q)

0
trong do: dw la vi phan cla toa dd quat. Néu goi
h(s) 1a chiéu cao ha t¥ cuc tinh toan A xuébng
duwdng tiép tuyén véi dwong trung binh cla tiét dién
tai diém dang xét M(s), ta c6 quan hé hinh hoc dw =
h(s).ds. Khi d6, ham toa d6 quat viét dwéi dang tich

phan dwdng nhuw sau:

S
w= j h(s).ds @)
0

X
Hinh 2. Toa d6 quat trén duwong trung binh cda tiét dién
thanh mdng hé

Dwa trén hé toa dd quat da thiét 1ap, cac dai
lwong dac trwng hinh hoc quat bac cao ctia mét cat
(v&i vi phan dién tich dF=t.ds ) dwgc xac dinh bang
céac cong thire tich phan tbng quét sau:

M& men tinh quat:

Sw=_[a)dF=.S[a)(s)-t-ds 3)
F 0

M6 men tinh quat — dwdng theo phwong truc x va y:

S
lx = jwde :jw(s)-y(s)-t .ds )
F 0
S
|y = ijdF = jw(s)-x(s).t -ds (5)
F 0
M6 men quan tinh quat:
S
l, = jwzdF =jw2(s).t.ds (6)
F 0

Vi tri tam udn Ao(Xp, Y A, ) V& cuc chinh clia tiét

dién dwoc xac dinh tir diéu kién triét tiéu déng thoi
cia mdé men tinh quat chinh va cac mé men tinh
quat dwdng:

16

S =0, Iy =0, I, =0 ()

Khoéng cach d&i truc hinh hoc ax, ay tlr cwe tinh
toan chon trwdc A dén tam udn chinh Ao dwoc xac
dinh théng qua cac dac trweng quat tinh toan véi cyc
A theo biéu thirc:

X

|wa

Bx = Xpy ~XA = (8)
X
|
y
8y =Ya, ~Ya="" o)
y

trong do: Iy va ly la cdc md men quan tinh chinh
théng thwong cla tiét dién ngang déi véi hé truc
trung tam.

DPéi voi cac tiét dién hé dbi xirng mét truc (nhw
hinh chir C), viéc tam udn Ao khdng triing véi trong
tam C(xc,yc) sé khién lwc nén doc truc dung tam N
sinh ra mé men xoan phu. Sy twong tac udn - xoan
nay la nguyén nhan truc tiép gay ra hién twong mat
4n dinh xodn uén dan hdi & mwc tai trong t&i han
thdp hon dang ké so vé&i gi¢i han ubn thuan tay
Euler. Do d6, xac dinh chinh xac cac dac treng quat
(ax, lw) bang cong thirc giai tich 1a buwdc quyét dinh
dé& danh gia kha nang chiu lwc 6n dinh clta cau kién.
3. Thiét l1ap hé coéng thirc giai tich cho cac dic
treng hinh hoc quat
3.1 Thédng sé mdt cat hinh hoc va ddc trurng uén
co’ ban

Nghién clru khdo séat hinh dang tiét dién cau
kién thép thanh méng tao hinh ngudi chir C c6 céu
tao swon nghiéng bat ky véi cac théng sb kich
thwéc hinh hoc bao gdm: chiéu cao tdng thé h,
chiéu réng canh b, d6 dai hinh chiéu ding cla
swon nghiéng ¢ tng véi goc nghiéng a bat ky, chiéu
dai lwdi d va chiéu day thanh méng t (Hinh 3).

Hinh 3. Tiét dién thanh thanh mdng tao hinh nguéi chi C
c0 Iwdi voi swrom

Do ban kinh cong tai cac goéc Iwgn tao hinh

ngudi thwc té twong déi nhd, md hinh toan hoc giai

tich tién hanh don gidn hoéa bang cach s dung

dwdng trung binh va gia thiét lién két géc khong bo
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tron. Céch tiép can nay hoan toan phu hop va dwoc
chap nhan rong rai theo EN 1993-1-3 [15]. Ddng
thoi, cau kién dwoc gia thiét c6 tiét dién thanh mang
ddng nhét, di xtrng hoan toan qua truc x, tuan tha
cac gia thuyét cha ly thuyét thanh thanh moéng
Vlasov (v&i chiéu day t rat nhd so véi cac kich
thwoc tiét dién b va h). Trén co s& d6, hé truc toa
dod chon trudc dwoc thiét 1ap voi gbe O(0 ;0) dat tai
diém mut day cta thanh ding nhw trén Hinh 4.

yc

0(0:0) L e 4

y

Hinh 4. Tiét dién c4u kién véi cac théng sé hinh hoc va
hé truc toa do

7
Iy = Z(lxi +aid3i)

Toa do trong tdm hinh hoc C(x.;y.) cua tiét
dién duoc xac dinh qua céc biéu thire dai sé sau:
7
insi

b2 + 2bf +ef + 2bd + 2ed +d?

Xe =

1
7S h+2b+2f +2d

i=1
Ye =

trong dé: e la chiéu dai hinh chiéu nam ngang cla
swon nghiéng ; f & chiéu dai thwc t& doc theo
dwdng trung binh cta swon nghiéng:

_¢c ,_.¢
tang’

e (11)

" sina

M6 men quan tinh thédng thwdng dbi véi truc
chinh trung tdm x cda tiét dién (Ix) dwoc xac dinh
qua céac biéu thirc dai sb sau:

12

th® bt® h%bt  tcd
=—+—+ +—
12 6 2 6sina 2

3.2 Ham toa dé quat va xay dung biéu dé w
Chon cuc tinh toan trung véi gbc toa d6 trung

gian dat tai diém gitra ban bung ndm trén truc déi

xtrng cla tiét dién (Hinh 5a). Chia tiét dién thanh 7

wp =0
a,h
%:_ZXSAAOAIZ_%
a,h bh h
=mo +2x8S v St
Wy =@ +£XOpNp 12 > > >

3 3 .2 3 h—c)? 3
LTSI L O LR Uledc) Y P 9 P y2ar (12)
12 4 12 4 12 2

2 2
h-c) ft 3 (h-2c)°dt
(h-c)°ft dt® (h-2c)"dt

2

doan thang doc lap b&i cac vi tri goc chuyén tiép cha
tiét dién, quy trinh tich phan tyng doan dwa theo
cong thic (2) cho phép xac dinh chinh xac gia tri
tung d6 quat w tai cac diém nat chuyén tiép hinh hoc:

(ax —b)

h h
w3 =@y +2xSpp 73 =—E(aX -b)+c(ay +b+e)+e[§—cj

@y = 3 +2%Spp 34 =—g(ax -b)+c(ay +b+e)+(e+d)(g—cj

(13)
a.h
Q)SZZXSAAOA5:%
a,h bh h
=5 —2%S = 2l (a,-b
wG“)SXAAO56222(x)
a>7=w6—2xSAAO67=2(ax—b)—c(ax+b+e)—e(g—c]
a)g:a>7—2><SAA078:E(ax—b)—c(aX+b+e)—(e+d)(n—cj
2 2
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trong do, ax la khoang cach doi truc hinh hoc t¢  quat w va biéu dd tung dd thanh méng y twong &ng
cwce tinh toan A dén tam udn thyc té Ao cla tiét dién  doc theo cac nhanh ctia dwédng trung binh tiét dién
theo phuong truc dbi xtrng x. Biéu dd phan b toa dd  cAu kién dwoc thé hién chi tiét trén Hinh 5b va Hinh 6.

b e
o L 2 - W
T S
Ne  4°
xc Ld.|
| ho,_lA X Ao, gA
ax
T
ES 7 8
Ly
f. s ) u
5 6 1 e
ws |
Lo el
y
y
a) Cac diém toa d6 quat trén tiét dién b) Biéu dd quat cla tiét dién cAu kién

Hinh 5. Céc diém toa dé quat trén tiét dién va biéu dé toa dé quat cda tiét dién c4u kién

h/2
W2 s VA phi2
R\ % bh/2+cb+hel2+(h/2—c)d
/ bh/2+cb+he/2
AO: A Ao_ A X
o Jax]
5 J bh/2+cb+he/2
L® - bh/2+cb+he/2+(h/2—c)d
h/2; @ N \
N bh/2
. h/2
a) Biéu db tung dd y b) Biéu d6 toa do quat wp

Hinh 6. Biéu dé tung do y va toa do quat wp cda tiét dién c4u kién

3.3 Xdc dinh tam uén va ddc treng quat cda tiét dién cau kién

Theo dinh nghia tai céng thrc (4), mé men tinh quat duwong Ia, . d6i véi truc trung tam x duoc xac dinh

S
theo tich phan duong: I, x = Ia)Ade ja)Aytds = Zt j @pYyds
F i=1 0

Ap dung phuong phap nhan biéu db cia Vereshchagln dé tién hanh nhan biéu db toa do quat wa VOi
biéu db tung d6 hinh hoc y (Hinh 6), ta c6:

bh+20b+he+(h—cjd

o =-2t(2R00) 2 {@c—h (cb he]c(n_z_cﬂ_m
AX

d_¢)
222 sinal 2 2 2 )2l2 3 2

2
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Rt gon biéu thire trén, ta thu dwoc cdng thire gidi tich cia mé men tinh quat dwong:

—toh( 2N, ¢ h-c) t© fo, heyh 2
B 4 sina 2 Sina 2 2 3 (14)
wpX
—td(bh+20b+he+%—cdj(2—c}

Theo céng thirc (8), khodng cach tir cwc tinh toan A dén tam ubn thuc té Ao theo phwong truc x (ax)

duoc xac dinh bang hé thirc:

bh
— 4

c

h—

h 2c

C tc E

4

o
o

OpX

sina 2

bh+20b+he+7—cd

J

Sinax 2 3

|

)_

hd

[cb +

h
——C
2

I

(15)

)2

dy =

12 6 2  6sin

Do tiét dién c6 truc x la truc dbi x&rng nén thanh
phan khodng cach theo phwong truc y bj triét tiéu
(ay = 0). Tam udn Ao ndm hoan toan trén truc dbi

xing X.

M6 men quén tinh quat |, cda tiét dién cau kién
dwoc xac dinh tlr biéu thire (6) bang cach tw nhan
biéu dd toa do quat w v&i chinh no:

azh® ah? . (b—ay)*h?

24 12 12

:

2 2

+2td (caX +bc + >

Cac cong thire gidi tich tlr (15) va (16) xac dinh
cac dac trng quat (ax, lw) dwoc thiét 1ap hoan toan
dua trén tich phan lién tuc dwong trung binh tiét
dién. Do do, cac cong thirc nay cé tinh déng dang
hinh hoc va khéng phy thudéc vao quy md kich
thwéc cla mat cat. Cac cong thire ap dung tin cay
cho céc tiét dién h& chir C c6 swdn nghiéng trong
dai théng sé hinh hoc thyc té (0° < a < 90°, chiéu
day thanh méng tao hinh ngudi t £ 4 mm theo tiéu
chuén EN 1993-1-3). Tinh chat nay cho phép ky sw
&ng dung linh hoat cac céng thirc tlr cac ciu kién
kich thwéc nhd (nhw clu kién ké chra hang) cho
dén céac cAu kién chiu luc Ién hon trong két ciu xay
dwng.

4. Vidutinh toan

Dé danh gia mic d6 chinh xac ciing nhw kha

Tap chi KHCN Xéay dung - s6 2/2026

2 2
+2tf e bh—hax+cax+bc+ﬂ +i cax+bc+ﬂ
4 2 12 2

eh bh hay, dh dc
+—-—"+———

i thd bt h2t te® (h—c)’ft di® (h-2c)dt
+— + + +—+

a 2 6 2
7 Si
I, = jwzdF :ztijwzds
F i=1 0

Tién hanh tich phan va rat gon dai sé, ta thu
dwoc cong thirc giadi tich cudi cung ctia md men
quéan tinh quat 1, cho tiét dién cAu kién c6 swon dap
nghiéng géc a bét ky:

|

(16)

1

il

12

@—dc
2

4 2

2 2
st
naéng ap dung thuc té ctia cac cong thirc gidi tich da
thiét 1ap & Muc 3, phan nay trién khai cac bai toan
kiém chirng sb cu thé dbi véi ciu kién thanh thanh
méng chiu nén doc truc dung tdm. Quy trinh kiém
ching va danh gia sai s6 dwoc thwe hién théng qua
viéc dbi chiéu tryc tiép nghiém gidi tich véi két qua
phan tich sb tlr hai céng cu chuyén dung phd bién
hién nay la CUFSM va GBTUL.

4.1 So sanh dac trweng hinh hoc quat

Céc thoéng s quy cach mat cat clia cac mau cau
kién tiét dién hé dwoc khado séat trong nghién ctru nay
dwoc lwa chon dya trén danh muc sén pham thuc té
cla Global Storage Solutions [14]. Kich thwéc hinh
hoc téng quat cla tiét dién ciu kién dwoc ky hiéu h x
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b x ¢ x d x tx a (trong d6 cac kich thwéc h, b, ¢, d, t  Sw sai léch vé cac gia tri dac trwng hinh hoc quat co
ban x&c dinh tr cac cong thirc dé xuét so véi cac md

hinh tinh toan sé dwoc tdng hop chi tiét trong Bang 1

c6 don vi mm, va goc nghiéng clia swdn a co don vi
la do, °). Dai kich thwéc nay dai dién cho nhém céu
kién co thanh rat méng va nhay cadm véi cac hién  (dbi voi toa dd tam ubn ay ) va Bang 2 (dbi véi md

twong mat 6n dinh trong thue té két cdu xay dwng.  men quan tinh quat l,).

Bang 1. Két qua kiém chdmg vj tri tam uén ax (mm) giika cong thie gidi tich va cac phuong phap sé

Xy sa Theo céng SAai Iéch §ai Iéch
Tiet dién there Theo CUFSM (Céng thure- Theo GBTUL (Cbng the-
CUFSM) GBTUL)

90x40x20x20x1,6x30 -44,9909 -44,9942 0,00742% -45,0000 0,02031%
90x40x20x20x1,9x30 -44,9895 -44,9942 0,01044% -45,0000 0,02333%
90x40x20x20x2,35x30 -44,9870 -44,9942 0,01593% -45,0000 0,02881%
90x40x20x20x1,6x45 -37,8622 -37,8653 0,00806% -37,8653 0,00806%
90x40x20x20x1,9x45 -37,8610 -37,8653 0,01135% -37,8653 0,01135%
90x40x20x20x2,35x45 -37,8587 -37,8653 0,01735% -37,8653 0,01733%
90x40x20x20x1,6x60 -34,2748 -34,2777 0,00845% -34,2777 0,00840%
90x40x20x20x1,9x60 -34,2736 -34,2777 0,01188% -34,2777 0,01183%
90x40x20x20x2,35x60 -34,2715 -34,2777 0,01814% -34,2777 0,01809%
90x40x20x20x1,6x75 -32,0881 -32,0908 0,00857% -32,0908 0,00857%
90x40x20x20x1,9x75 -32,0869 -32,0908 0,01207% -32,0908 0,01207%
90x40x20x20x2,35x75 -32,0849 -32,0908 0,01845% -32,0908 0,01845%
100x50x25x25x2x30 -57,0091 -57,0146 0,00971% -57,0000 0,01590%
100x50x25x25x2,5x30 -57,0059 -57,0146 0,01522% -57,0000 0,01039%
100x50x25x25x3x30 -57,0021 -57,0146 0,02195% -57,0000 0,00366%
100x50x25x25x2x45 -48,0297 -48,0348 0,01066% -48,0000 0,06183%
100x50x25x25x2,5x45 -48,0268 -48,0348 0,01668% -48,0000 0,05581%
100x50x25x25x3x45 -48,0233 -48,0348 0,02402% -48,0000 0,04846%
100x50x25x25x2x60 -43,5357 -43,5406 0,01119% -43,5406 0,01117%
100x50x25x25%2,5x60 -43,5330 -43,5406 0,01746% -43,5406 0,01743%
100x50x25x25x3x60 -43,5297 -43,5406 0,02511% -43,5406 0,02509%
100x50x25x25x2x75 -40,8228 -40,8274 0,01125% -40,8275 0,01149%
100x50x25x25x2,5X75 -40,8202 -40,8274 0,01764% -40,8275 0,01788%
100x50x25x25x3x75 -40,8170 -40,8274 0,02544% -40,8275 0,02569%
120x60x25x25%2,5x30 -61,2510 -61,2572 0,01007% -61,2705 0,03177%
120x60x25x25x3x30 -61,2483 -61,2572 0,01456% -61,2705 0,03626%
120x60x25x25x3,5x30 -61,2450 -61,2572 0,01986% -61,2705 0,04156%
120x60x25x25x2,5x45 -52,4173 -52,4231 0,01100% -52,4230 0,01081%
120x60x25x25x3x45 -52,4148 -52,4231 0,01586% -52,4230 0,01567%
120x60x25x25x3,5x45 -52,4118 -52,4231 0,02161% -52,4230 0,02142%
120x60x25x25%2,5x60 -48,0121 -48,0176 0,01155% -48,0000 0,02511%
120x60x25x25x3x60 -48,0096 -48,0176 0,01660% -48,0000 0,02006%
120x60x25x25x3,5x60 -48,0068 -48,0176 0,02258% -48,0000 0,01408%
120x60x25x25%2,5X75 -45,3720 -45,3773 0,01178% -45,3772 0,01156%
120x60x25x25x3x75 -45,3696 -45,3773 0,01693% -45,3772 0,01671%
120x60x25x25%3,5X75 -45,3669 -45,3773 0,02301% -45,3772 0,02279%

nhat ghi nhan dwoc so véi phwong phap dai
phang htru han (CUFSM) chi la 0,00254%, va
dbi véi cong cu phan tich chuyén dung (GBTUL)
a2 0,06183%.

Sé liéu tdng hop tai Bang 1 cho thdy muac
do twong thich cao gitra toa do tam ubn a, xac
dinh bang céng thkc giai tich dé& xuat véi két
qua t cac md hinh sb. Cu thé, sai léch Ién

Bang 2. Két qud déi chiéu mdé men quan tinh quat l» (Mm®) gidka cong thic dé xuét va cac phuong phép sé

Sai léch Sai léch
Tiét dién Theo cbng thic Theo CUFSM (Cbng thtre- Theo GBTUL (Cbng thtre-
CUFSM) GBTUL)
90x40x20x20x1,6x30 1450624920,10 1450624299,00 0,0000766% 1451136253,52 0,08526%
90x40x20x20x1,9x30 1722617099,76 1722616355,41 0,0001412% 1723473354,53 0,08105%
90x40x20x20x2,35x30  2130605384,07  2130604439,60 0,0000040% 2132225484,27 0,08358%
90x40x20x20x1,6x45 965329748,54 965329743,82 0,0000677% 965633133,55 0,09323%
90x40x20x20x1,9x45 1146329081,92 1146329070,79 0,0001270% 1146837115,30 0,08767%
90x40x20x20x2,35x45 1417828093,45 1417828061,24 0,0001499% 1418789328,99 0,09486%
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Sai léch Sai léch
Tiét dién Theo cbng thirc Theo CUFSM (Céng thire- Theo GBTUL (Cbng the-
CUFSM) GBTUL)
90x40x20x20x1,6x60 749106188,54 749106061,49 0,0000038% 749339002,42 0,08871%
90x40x20x20x1,9x60 889563603,62 889563448,02 0,0001392% 889953495,35 0,09851%
90x40x20x20x2,35x60  1100249736,03  1100249527,81 0,0002594% 1100987438,07 0,07179%
90x40x20x20x1,6x75 619815885,18 619814290,68 0,0000189% 620021873,84 0,06700%
90x40x20x20x1,9x75 736031367,87 736029470,19 0,0000741% 736376699,05 0,05922%
90x40x20x20x2,35x75 910354600,67 910352239,44 0,0001389% 911008619,19 0,05628%
100x50x25x25x2x30 4714826520,07  4714819582,76 0,0000023%  4716816225,23 0,06775%
100x50x25x25%2,5x30  5893533207,44  5893524478,45 0,0000657%  5897419316,32 0,06851%
100x50x25x25x3x30 7072239974,05  7072229374,15 0,0000019%  7078955095,99 0,05806%
100x50x25x25x2x45 3146279295,37  3146279270,71 0,0001251%  3147449008,15 0,06441%
100x50x25x25%x2,5x45 ~ 3932849163,64  3932849088,39 0,0000443%  3935133717,00 0,07598%
100x50x25x25x3x45 4719419093,29  4719418906,07 0,0000021%  4723366783,67 0,06522%
100x50x25x25x2x60 2447685373,68  2447682003,88 0,0001481%  2448568479,07 0,06590%
100x50x25x25%2,5x60  3059606755,14  3059602504,85 0,0001377%  3061329700,57 0,07240%
100x50x25x25x3x60 3671528189,15  3671523005,82 0,0002578%  3674506419,81 0,04690%
100x50x25x25x2x75 2030518436,17  2030516958,56 0,0000175%  2031288338,93 0,04381%
100x50x25x25%2,5x75  2538148079,32  2538146198,20 0,0000644%  2539652082,70 0,04758%
100x50x25x25x3x75 3045777769,59  3045775437,84 0,0001239%  3048376932,90 0,04472%
120x60x25x25x2,5x30  9761605414,85  9761592066,82 0,0000010%  9766517981,90 0,04430%
120x60x25x25x3x30 11713926606,9 11713910480,19  0,0000728% 11722413804,2 0,03790%
120x60x25x25x3,5x30  13666247917,7 13666228893,55  0,0001377% 13679723566,7 0,03607%
120x60x25x25%2,5x45  6725695462,68  6725695395,40 0,0000010%  6728733375,45 0,04515%
120x60x25x25x3x45 8070834641,87  8070834474,49 0,0000008%  8076101676,01 0,03716%
120x60x25x25x3,5x45 ~ 9415973915,30  9415973553,57 0,0000432%  9424334371,04 0,04968%
120x60x25x25x2,5x60  5357537760,34  5357531123,15 0,0001367%  5359934807,78 0,05030%
120x60x25x25x3x60 6429045387,93  6429037347,78 0,0001471%  6433189036,83 0,04218%
120x60x25x25x3,5x60  7500553097,66  7500543572,41 0,0002573%  7507134503,03 0,03322%
120x60x25x25%x2,5x75  4537321855,39  4537318933,73 0,0000170%  4539481819,02 0,03107%
120x60x25x25x3x75 5444786295,15  5444782720,47 0,0000005%  5448519125,56 0,03142%
120x60x25x25x3,5x75  6352250809,59  6352246507,22 0,0000428%  6358178764,51 0,03524%

Két qua dbi chiéu gia tri mé men quéan tinh quat
|, tai Bang 2 mot l&n nira chng minh d6 tin cay va
sw hdi tu cao cla phwong phap gidi tich. Sai sb Ion
nhat so v&éi phdn mém CUFSM chi & muec
0,00026%, va so véi phan mém GBTUL la
0,09851%.

Su hdi tu nay cho thay céc cong thirc giai tich dé
xuét hoan toan dang tin cay dé xac dinh toa dé tam
udn va md men quan tinh quat cda tiét dién ciu kién.
4.2 Phan tich kh& nang chju nén dung tam cada
céu kién theo diéu kién én dinh xodn uén

Dé& Iam ré y nghia cla cong thirc méi trong viéc
danh gia trang thai gi¢i han n dinh, nghién ctu tién
hanh khdo sat mét ciu kién thanh méng chiu nén
ding tam cé chiéu cao L=1,8m. C6t c6 lién két hai
dau dang khép va ty do vénh ngoai mét phéng tai
hai dau cau kién. Do dé, chiéu dai tinh toan khi méat
4n dinh udn va mét 6n dinh xoan 1a bang nhau: KL =

Ler = L = 1800 mm. Tiét dién hinh hoc cla cau kién
duwoc chon la 100x50x25x25%x2x60. Cac théng sb
co ly clia vat liéu thép bao gébm: mé dun dan héi E =
205000 N/mm?; mé dun dan hdi trwot G = 78846
N/mm?; gi&i han chdy clia vat liéu f,= 235 N/mm?>.
Ap dung céac cong thirc giai tich da thiét lap tai
Muc 3, cac d&c trng hinh hoc cla tiét dién cAu kién
dwoc xac dinh chinh xac nhw sau: A = 615,47 mm?;
Xc = 31,36 mm ; Iy = 897660,5 mm*; I, = 536628,6
mm4; |t = 820,6 mm?* ax = 43,54 mm; |, =
2447685373 mmé; iy = 38,19 mm; iy = 29,52 mm.

Dwa trén quy dinh cla tiéu chuan thiét ké céu
kién tao hinh ngudi EN 1993-1-3 va tiéu chuén
chuyén nganh EN 15512, cac cong thirc xac dinh
lwc t&i han gay mét 6n dinh xoan (Ner1) va xoan udn
(Nerpr) cOa cAu kién dwoc thé hién cu thé qua hé
phwong trinh sau:

1 ’El
Ny ;= 7(GII + Wj 17)
IO eT
N N, ) N
NCr o = cr,x 1+ cr,T _ 1_ cr,T +4 ﬁ cr,T (18)
' Zﬁ Ncr,x Ncr,x I0 Ncr X
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trong do, cac hé sb twong tac hinh hoc va lwc téi han ubn thuan tay Euler dwoc xac dinh Ian lwot:
- Toa d6 tam udn chinh dbi v&i trong tm: xo = ax + Xc = 43,54 + 31,36 = 74,9 mm;
- Ban kinh quén tinh cwc déi véi tam ubn:
i2 =2 42+ x2 = 38,19 +29,52° + 74,9” = 7939,92 —> i, = 89,1 mm
- Hé sb lach tam: g = 1_[’_‘_0]2 -1 (ET ~0,2935
i 89,1
- Lwc t&i han méat 6n dinh udn thuan tay déi véi truc dbi xirng:

_ 7°El, _ z%x 205000 x 897660,5
(KLY 18007

=560558,2 N

- Lwc t&i han méat 6n dinh xoan thuan tay theo (17):

7% x 205000 x 2447685373
18007

2E|
NT:é{GIt+” WJ 1 (78846x820,6+

o | = = 200666,4 N
T 2, ) 7939,92

Thay céc gia tri ddc trwng hinh hoc va céc luc téi han thanh phan vao (18), ta thu dwoc luc téi han gay
mét &n dinh xoan ubn cda cAu kién:

_ 5605582 | 2006664 |/, 200666,4) ,(74,9) 2006664
“FT2x0,2935 560558, 2 560558, 2 89,1) 560558,2

} =157311 N

= 157,31 kN.
S& dung phdn mém CUFSM dé phan tich mat 6n dinh xoan uén cta ciu kién, két qua thu dwoc (ng
suat méat 6n dinh nhd nhét 1a oo = 247,76 N/mm2 (Hinh 7). T& d6, lwc t&i han gay mat 6n dinh xoén
udn twong &ng la:

N, = Aoy = 615,47 x247,76 = 152496N = 152,49 kN

Buckled shape for CUFSM resuits
length = 1800 load factor = 247.7626 mode = 1

cFSM classification results: off

1000

+ CUFSM results |
> datat

load factor
g

400 >
80.0,405.24
300
200 650.0,258.18 &

100 — \ o

0 1 | |
10? 10°
length

Hinh 7. Két qua phan tich mét én dinh xodn udn cda tiét dién c4u kién bang phdn mém CUFSM

Song song véi d6, khi st dung phan mém GBTUL dé phan tich mét 6n dinh xoén uén cta céu kién, mo
hinh cho két qua Iwc t&i han 1a Ner = 157,15 kN (Hinh 8).
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Buckling/Vibration Curves

Results of the buckling analysis of the member with L=1800 (Made 1)

Buckling Load: Pb = 157.15135

Modal participations (%) of the most important GBT modes:

P4=T74 6 p2=22.72 P&=2.65

Other=0.04

Hinh 8. Két qud phan tich mat 6n dinh xoan udn cda tiét dién c4u kién bang phdn mém GBTUL

Danh gia sai sb gitra cong thirc dé& xuat véi cac
céng cu md phdng sb cho thdy mirc do hoi tu rat
chat ché. Sai léch I&n nhét gitra két qué theo cong
thirc giai tich (157,31 kN) so véi phdn mém CUFSM
(152,49 kN) la 3,05% va déi voi phén mém GBTUL
(157,15 kN) chi 1a 0,1%. T4t c& cac mic sai léch
nay déu nam duéi gi¢i han cho phép trong thuc
hanh thiét ké xay dwng (5%). Sw twong thich vuot
tréi nay chirng minh cong thirc gidi tich dé xuét la
mét cong cu tin cdy, giup ky sw dé dang tich hop
trwc tiép vao cac chwong trinh tinh toan tw dong dé
dv bao chinh xac lwc t&i han mat 6n dinh xoan udn
cla cAu kién thép tao hinh ngudi ma khéng can
dwng mé hinh sb dai ban phurc tap.

5. Két luan

Nghién clru da xay dwng thanh cdng cac cong
thirc giai tich dé xac dinh cac dac trung hinh hoc
quat (ax, lu) cua tiét dién cu kién thép thanh méng
tao hinh ngudi c6 swdn nghiéng goc bat ky trong két
céu xay dwng. Cac két luan chinh bao gém:

- Két qua khao sat sé chirng minh sy twong
thich chat ché gitra cong thirc d& xudt véi céac
phwong phap sé, sai sb dac trung quat dat dwdi
0,1%. Lwc t&i han 6n dinh xodn udn dan hdi tinh
bang gidi tich chi léch 0,1% so v&i phan mém
GBTUL. Phuwong phap dai ban hiru han (CUFSM)
cho két qua thap hon (sai léch 3,05%) do c6 xét dén
bién dang cuc bd ngoai mat phang - thanh phan
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bién dang vén bi bé qua trong giad thiét tiét dién
crng ngoai mat phang cua ly thuyét Vlasov va
GBTUL;

- CAc cong thirc dé& xuét cung cap moét cong cu
tinh toan thuan tién, cé tinh ¥ng dung cao trong
cong tac thiét ké, kiém tra va tbi wu hoa tiét dién cu
kién trong hé théng cau kién thép thanh méng. Trén
co s& nay, huéng nghién cliu cé thé tiép tuc mé
réng cho cac cau kién cé tiét dién phic tap hon
hodc xét dén anh hwéng cta hé 16 dét doc truc doc
theo chiéu dai ciu kién thuc té.
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