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Tém tat

Viéc xdc dinh chinh xac luc t6i han méat 6n dinh xodn ubn ctia cot thép thanh mong tiét dién Omega (Q) phu thudc tric
tiép vao cac dic trung hinh hoc quat ctia tiét dién, bao gdm tdm cit va m6 men quan tinh quat. Tuy nhién, d6i véi tiét dién
Omega c6 sudn dap nghiéng va mép gip ngudc, cic cong thiic gidi tich xdc dinh cédc dic trung nay hién chua dugc cong
bb. Bai bao thiét 1ap cic cong thiic giai tich x4c dinh tim cit va md men quan tinh quat ciia tiét dién Omega gdm chin doan
thang c6 suon nghiéng gdc bit ky trén co sé 1y thuyét Vlasov. Do chinh xéc ciia cic cong thitc dude kiém chitng thong qua
so sanh véi két qua phan tich trong cac chuong trinh CUFSM va GBTUL trén cd s6 dit liéu gdm 8640 tiét dién véi cic kich
thudc hinh hoc khac nhau. Két qua cho thiy sai léch 16n nhit khong vugt qua 0,035%. Cic cong thiic dé xudt dudc ting
dung dé xac dinh Iyc t6i han mit 6n dinh xon udn ctia cot theo EN 15512 va EN 1993-1-3, qua d6 cung clp co sé tinh todn
thun tién va c6 do chinh xdc cao cho phén tich va thiét ké cot thép thanh méng tiét dién Omega.

Tir khod: cot tiét dién Omega; méit 6n dinh xo4n ubn; dic trung quat; cong thiic giai tich; ing dung.

FLEXURAL-TORSIONAL BUCKLING ANALYSIS OF THIN-WALLED OMEGA-SECTION COLUMNS:
SECTORIAL PROPERTY FORMULATION AND APPLICATION

Abstract

Accurate determination of the flexural-torsional buckling load of thin-walled steel Omega (€2) columns depends directly
on the sectorial properties, including the shear center and the warping constant. However, analytical formulations for de-
termining these properties have not yet been reported for Omega sections with arbitrarily inclined lips and return lips. This
paper develops analytical formulations for calculating the shear center and warping constant of Omega sections composed
of nine straight plate elements with arbitrarily inclined lips based on Vlasov’s thin-walled beam theory. The accuracy of
the proposed formulations is verified through comparison with numerical results obtained from the CUFSM and GBTUL
programs using a database of 8,640 cross-sections with different geometric dimensions. The maximum deviation between
the analytical and numerical results is less than 0.035%. The proposed formulations are subsequently applied to determine
the flexural—torsional buckling load of columns in accordance with EN 15512 and EN 1993-1-3, providing an accurate and
efficient basis for the analysis and design of thin-walled steel Omega columns.

Keywords: Omega-section column; flexural-torsional buckling; sectorial properties; analytical formula; application.
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1. Gidi thiéu

Trong linh vuc két ciu thép hién dai, cdc cau kién thép thanh mong tao hinh ngudi (CFS) ngay
cang khang dinh dugc uu thé nhd kha ning tdi vu héa khdi lugng, linh hoat trong ché tao va lap dung.
Viéc phan tich kha niing chiu luc ctia cdc cu kién nay doi hoi phai gidi quyét nhiéu dang mit 6n dinh
phtic tap, tif mét 8n dinh cuc bd trén cic tiét dién rong [1], su suy gidm kha ning chiu luc ctia cdt chiu
nén & nhiét do cao [2], cho dén cic tng xi co hoc trén tiét dién khong dong nhét [3]. Pic biét, dbi
v6i cdc két cAu yéu cau khd ning chiu tai trong tot va do cing cao, cic cot tiét dién hinh Omega (Q)

*Téac gia dai dién. Dja chi e-mail: hoand @huce.edu.vn (Hoa, N. D.)
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nhu Hinh 1 dudc uu tién st dung. So véi cic tiét dién truyén thong, tiét dién Omega c6 cu tric phic
tap hon véi hé thdng sudn dap nghiéng gia cudng ban bung va cic mép gip ngudc tao thanh md hinh
hinh hoc 9 doan thang. Ciu tao dic thu nay gitp tiét dién gia ting dang ké do &n dinh cuc bd va do
ciing chdng xoan, tuy nhién hién nay chua c6 cong bd cac cong thitc dang gidi tich xac dinh cac dic

trung quat ctia loai tiét dién nay dé ting dung cho tinh todn mét &n dinh xoan udn.

Hinh 1. Hinh 4nh cot tiét dién Omega trong thuc té

D€ phan tich bai todn mit &n dinh xoin ubn ctia cot chiu nén diing tam, dua trén cic quy dinh
trong tiéu chuén chuyén nganh nhu EN 15512 [4] va EN 1993-1-3 [5], viéc ddnh gia kha ndng chiu
luc ciia cot thép thanh méng hé doi hdi phai xac dinh chinh xac luc t6i han gy méat 6n dinh xoin udn
dan hdi (N..rr). Pbi v6i cAu kién dbi xtiing mot truc chiu nén ding tam, gid tri nay dudc xac dinh
thong qua su tuong tic gitta luc t6i han udn (Ner.x) va luc téi han X0an (N¢r.r) theo phuong trinh tong

quat sau:

Nerx Nerr \/( Nch)2 (XO)2 Nerr
N = — ] + — — 1 - —— + 4 — I
eri T 2,8 Ncr,x Ncr,x 1] Ncr,x

trong d6: B 14 hé s6 1éch tam hinh hoc:

xo 12 toa do tam cat d6i véi trong tam:
X0 = ay + X¢

ip 12 ban kinh quan tinh cuc d6i v6i tam cat:

2_ 2.2, .2
iy =iy + iy + x5

N, 12 luc t6i han gay mit 6n dinh udn Euler thuan tiy déi véi truc ddi xing (truc x):

n*El,
L2,

cr,x —
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N, 12 luc t6i han gy mit 6n dinh xodn thudn tdy, phu thudc truc tiép vao cdc dic trung quat ctia tiét
dién:

1 n’El
Ncr,T = 5 (GII + B w) (6)
lO LeT

vOi: Loy va Ler 1an ludt 12 chiéu dai tinh todn cta ciu kién khi ubn va khi xoan.

Theo cic phuong trinh trén, c6 thé thiy cic dai luong xo (ban chét 1a xac dinh vi tri tim cat a,) va
mo men quén tinh quat (I,,) déng vai tro 12 “nit thit” trong toan bo qud trinh tinh toan.

Tai Viét Nam, cic nghién cifu vé dic trung hinh hoc va bai toan xoan ctia thanh thanh moéng da
dudc quan tam ddng ké. Céc nghién citu tiéu biéu bao gdm viéc phan tich xoin kiém ché dbi véi ciu
kién tiét dién hé [6], tinh todn dic trung hinh hoc cho céc tiét dién thanh méng kin [7], hay ddnh gia
hiéu qua 1am viéc ctia dAm chit I t& hop han cénh rdng [8] va 6n dinh t&ng thé ctia dam chii I hai
bung [9]. Dua trén nén tang ly thuyét thanh thanh moéng cda V.Z. Vlasov [10], cdc nghién ctu gidi
tich vé dic trung quat gan day da dudc phat trién thanh cong cho céc tiét dién chit C c¢6 suon ting
cudng don gian (nhu tiét dién OLC va ILC) [11] va tiét dién chit C c6 sudn nghiéng goéc bat ky [12].
Tuy nhién, khi chuyén sang tiét dién Omega, su xuét hién ctia sudn dap nghiéng géc @ va cic mép
gip ngudc 1am biéu d6 phan b toa dd quat phi tuyén thay d6i hoan toan. Cac cong thic danh cho tiét
dién 7 doan thing trudc day khong thé dp dung cho mo hinh 9 doan thing ciia tiét dién Omega.

Hién tai, cdc huéng dan thiét ké van thiéu cdc cong thic giai tich tudng minh cho loai tiét dién
Omega nay. Khi thuc hanh, ky su thudng phai phu thudc vao cidc phan mém mo phéng sé nhu
CUFSM [13], Thin-Wall-2 [14], GBTUL [15] hoac cic chuong trinh tinh todn dudc xay dung tu
cong thic tdng quat ctia Xiang [16] va Cudng [17]. Diéu nay bat budc ngudi ding phai khai bdo toa
do chi tiét ctia tiing diém niit, giy tén kém thdi gian va lam gidm tinh linh hoat khi can thiét ké so bod
hoic t6i uu héa kich thudc tiét dién ti cac danh muc san phdm thuong mai.

D€ giai quyét vin dé trén, bai bao thiét 1ap cac cong thifc giai tich xdc dinh truc tiép tim cit va
mo men qudn tinh quat cta tiét dién Omega gém chin doan thang cé sudn nghiéng goc bat ky trén
co s6 ly thuyét Vlasov. Do chinh x4c clia cdc cong thic dudc danh gia thdng qua so sanh véi két qui
phan tich biang cic chuong trinh CUFSM va GBTUL trén co sé dif liéu gdm 8640 tiét dién c6 cac
kich thudc hinh hoc khac nhau. Cudi cling, cc cong thiic dé xuat dugc ting dung dé€ xdc dinh truc tiép
Iuc t6i han mét 8n dinh xoan udn N,,.rr, qua d6 cung cip phuong phap tinh toan thuan tién va c6 do
chinh x4c cao cho phan tich va thiét ké cot thép thanh méng tiét dién Omega.

2. Quy trinh phan tich mét én dinh xofin udn cho cét tiét dién Omega chiu nén ding tim

D€ trién khai viéc danh gid kha niing chiu luc clia cot thép thanh mong tiét dién Omega chiu nén
ding tam theo céc tiéu chuin hién hanh (nhu [4] va [5]), nghién ctiu da hé thong héa mot quy trinh
phén tich khép kin. Dua trén nén tang clia cdc phuong trinh tuong tac tit (1) dén (6) da gidi thiéu &
muc 1, quy trinh nay dudc minh hoa truc quan thong qua so d6 thut toan tai Hinh 2.

Qua trinh phén tich dugc chia thanh cac buéc thuc hién theo trinh tu nhu sau:

Buéc 1 - Khai bdo dit liéu dau vao: X4c dinh toan bo cic thong s6 ban dau ctia bai toan, bao gom
ba nhom chinh:

- Thong sb hinh hoc tiét dién Omega: Chiéu cao ban bung (h), bé rong canh (b), chiéu dai sudn
dap nghiéng (c), géc nghiéng sudn (), chiéu dai doan cinh ép (d), chiéu dai mép gip ngudc (k) va
d6 day thanh mong (7). Tir d6, thiét 1ap toa do dudng trung binh cho mé hinh 9 doan thang.

- Bdc trung vit liéu: M6 dun dan hoi (E), md dun dan hoi trudt (G) va gidi han chay cua thép (f).

- Thong s cAu kién: Tai trong nén thiét ké (Ngy), cing véi chiéu dai tinh todn khi mét &n dinh
udn (L.,) va mét 6n dinh xodn (L.7) dugc xdc dinh thong qua chiéu dai thuc té va diéu kién bién.
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Buéc 2 - Xac dinh dic trung hinh hoc co ban cta tiét dién: Tir cac kich thudc hinh hoc & Budc 1,
tinh toan dién tich tiét dién ngang (A), toa dd trong tim (x., y.), cdc md men quén tinh ddi véi hé truc
trung tdm (I, ) va hﬁng sb xoan St. Venant ().

Budc 3 - Xac dinh dic trung quat va cdc thong s6 hinh hoc din xuét: Bing viéc thiét 1ap hé toa
dd quat doc theo dudng trung binh ciia tiét dién, tinh to4n x4c dinh vi tri tim cat (khoéang céch a,) va
mo men quén tinh quat (/,)). Sau khi c¢6 dudc toa do tim cit a,, cic thong sb dan xuit bao gdbm toa do
tam cat ddi véi trong tim (xo) va ban kinh quén tinh cuc dbi véi tam cét (ip) sé 1an ludt dugc xac dinh
theo (3) va (4).

Buéc 4 - Phan tich cdc luc t6i han thanh phan: St dung cic thong sb tit Bu6e 1, 2 va 3 d€ tinh
todn Iuc t6i han gy mit 6n dinh u6n Euler thuan tiy (N,,.,) theo (5) va luc t6i han mét &n dinh xoan
thuan tiy (N..7) theo (6).

Buéc 5 — Tinh todn va kiém tra kha niing chiu luc theo diéu kién 6n dinh:

- Tinh to4n hé sb 1éch tdm hinh hoc 8 theo phuong trinh (2) va thay cac gia tri Ny, Nepr va g
vao phuong trinh (1) d€ xac dinh N, rr.

- Tt gid tri N, pr va céc dic trung vat lidu, tra dudng cong mit 6n dinh dé tim hé s6 suy giam y,
tl d6 xé4c dinh kha ning chiu luc ctia cot theo diéu kién 6n dinh N, gg.

- Kiém tra &n dinh: So sénh kha ning chiu luc theo diéu kién dn dinh téng thé N, 4 v6i tai trong
thiét k& Ngy. Néu Ny < Np ga, cOt ddm bdo 6n dinh. Ngudc lai, cot bi mat dn dinh va can phai diéu
chinh lai kich thuéc hinh hoc & Budc 1.

Tinh chinh kich thuéc

v

TINH DAC TRUNG HINH HOC PHANG TiNH TOAN VA KIEM TRA DIEU KIEN
‘ T A (dién tich) ON DINH VA KHA NANG CHJU LUC 4
BAT DAU X, Y. (toa do trong tam) Tinh B, N, p, tit d6 tra dudng cong mét én ,;
I, I, (m6 men quén tinh) dinh dé tim hé s6 suy giam y -8
I, (hiing s6 xo4n St. Venant) — Tinh Ny gg (st chiu ti thiét ké) oi
v £

'

XAC PINH PAC TRUNG QUAT VA
THONG SO DAN XUAT

KHAI BAO DU LIEU PAU VAO

1. Kich thudc hinh hoc b i

hobc dt ak i [ \ i Stt dung cdng thitc giai tich chuyén biét KIEM TRA ON DINH

| o ;

2. Vat ligu: | M = a, (tam cdt) Nea < Nora

E G P i 4. I, (md men quén tinh quat)

e Bl Yot 1 tir Tl ;
3. Chu kién: | A o fo (suy ra Ut a, X yer L ) DUNG (Pat)
- Chidu dii tinh todn Loy Ly | | V4 o [ ¢
= e e sehe Neg Lt PHAN TiCH LUC TO6I HAN THANH PHAN XUAT KET QUA THIET KE
Luyec téi han uén Luc t&i han xodn No,ra

Ner.x (Ubn Euler) Ny, (Xoén thuén tiy) Trang thdi (Pat/Khong dat)

A2EI, 1 Glot #*El,
2
. i Ler KET THUC

Hinh 2. S6 dd quy trinh phan tich mit 6n dinh xoan uén cho cot tiét dién Omega chiu nén diing tim

Tt s6 dd thuat toan & Hinh 2, ¢6 thé nhan thdy cic Budc 1, 2, 4 va 5 chii yéu 1a qua trinh nap dif
liéu va xi ly cac phép todn dai sd theo quy dinh hién hanh ciia tiéu chuin. Tuy nhién, Budc 3 1a mot
“nit that” quyét dinh tinh kha thi ctia toan b quy trinh.

Do tiét dién Omega gdm chin doan thang v6i sudn nghiéng goc a, su phan bd toa d quat trén tiét
dién c6 dang phic tap, gay khé khin cho viéc xdc dinh truc tiép tim cat va md men quan tinh quat.
Vi vy, viéc thiét 1ap cdc cong thiic gidi tich xdc dinh cdc dic trung hinh hoc quat a, va I, ¢6 y nghia
quan trong, tao co s3 dé xdc dinh truc tiép luc téi han mit 6n dinh xoin udn theo cic phuong trinh (1)
— (6) ma khong can thuc hién phan tich s6 dbi véi tiing tiét dién. Noi dung nay dudc xay dung trén co
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s6 1y thuyét thanh thanh mdng ctia Vlasov va dugc trinh bay chi tiét trong Muc 3.

3. Thiét 1ap cong thite giai tich dac trung quat cho tiét dién Omega

Dua trén nguyén ly ctia Iy thuyét thanh thanh méng Vlasov da dudc dé cap, phan nay di sau vao
viéc thiét 1ap cdc cong thiic gidi tich phuc vu tinh todn dic trung quat cho mo hinh hinh hoc nhiéu
phéan doan ctia tiét dién Omega.
3.1. M6 hinh hinh hoc dudng trung binh va ddc trung co bdn

Cin cii theo cdc diéu kién ctia EN 1993-1-3 dbi véi cu kién thép tao hinh nguoi, do ban kinh
g6c luon thuc té 6 kich thudc twong dbi nho, cau hinh hinh hoc cia tiét dién dudc ly tudng hoa bang
dudng trung binh bd qua do cong tai cic nép gip. Gia thiét niy anh hudng rit nhé dén do chinh xac
nhung gitip don gian héa bai todn tich phan. Can luu ¥ rang, khi ting dung 1am cot ké hang, tiét dién
Omega thudng dudc dap cic hé 16 doc theo chiéu dai cAu kién d€ phuc vu muc dich lién két (nhu minh
hoa tai Hinh 1). Tuy nhién, nghién ciu nay tip trung thiét 1ap cac cong thiic gii tich x4c dinh dic
trung quat cho md hinh tiét dién nguyén lién tuc. Piéu niy déng vai tro 12 nén tang ly thuyét cbt 16i
va tuong minh vé mit toan hoc trudc khi xét dén cic yéu tb giam yéu phiic tap trong thuc té. i véi
cAu kién thuc té c¢6 16 dot dap, anh hudng clia sy giam yéu dén dic trung quat va do cing chdng xoan
udn c6 thé dudc gidi quyét bang cach dp dung phuong phap bé rong tuong duong theo EN 15512.

Bai todn thiét 1ap mot hé truc toa dd quy chiéu x — y véi gbc toa do O(0; 0) dudc dinh vi tai mép
dudi cling ctia ban thanh diing, truc x 1a truc d6i xing ngang ctia tiét dién (nhu minh hoa tai Hinh 3).
Tiét dién Omega tong quat dugc mo hinh héa bang 9 doan thing lién tuc, bao gdm: 1 ban bung (), 2
ban canh (b), 2 sudn dap nghiéng géc « (doan c), 2 doan canh ép (d) va 2 mép gap ngudc (k). Do day
thanh méng 1 ¢ dong nhit trén toan tiét dién.

|| xc

tal

i d
B :
jm GE
‘ 7 o U1 % N
L 7 ° w00 [, /
i y
(a) Tiét dién Omega véi cic thong sb (b) Tiét dién Omega véi cic thong
hinh hoc s6 hinh hoc va hé truc toa do

Hinh 3. Thong s6 hinh hoc dudng trung binh ciia tiét dién Omega

Gia st C (x.;y.) 1a trong tam hinh hoc cia tiét dién, toa do trong tim dudc xic dinh bang biéu
thic dai s6 sau:

Y2 xiSi b +2bf +ef +2bd + 2ed + d® + 2kb + 2ke + 2kd h -
Xe = = ; ——
TS I+ 2b+2f +2d + 2k )
trong d6, e va f 1an lugt 13 hinh chiéu ngang va chiéu dai thuc ctia doan sudn nghiéng:
C C
= ;o f== (8)
tan sin «
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Mo men quan tinh phang dbi véi truc chinh trung tim x () dugc xdc dinh nhu sau:

th® b Wbt tc3
= — + — + —
12 6 2 6sina
Y 3 92 3 _9 2
+(h c)ft+di+(h c)dt+&+kt(h c+k)
2 6 2 6 2

Iy
©))

3.2. Thiét ldp ham phdn bé toa do quat cho hé 9 doan thcfng

Dé dinh lugng bién dang vénh cia tiét dién, mot cuc tinh toan gia dinh A dugc dit tai trung di€m
ctia ban bung (nam trén truc ddi xing x), va A, 1a cuc chinh (tim cit thuc té cin tim, cich cuc A mot
doan a,). Tiét dién Omega dudc rdi rac héa thanh 9 phan doan lién két tai 10 diém nut (tir nit 1 dén
nut 10 nhu Hinh 4(a)).

Pé dam bao tinh nhit quan va chinh xdc cho qua trinh tinh todn tich phan xdc dinh dic trung quat,
cac quy udc vé dau ciia tung do phéng va dién tich quét doc theo dudng trung binh ciia tiét dién dugc
thiét 1ap cu thé nhu sau: Quy udc diu ctia tung dd y: Truc tung y nhan chiéu huéng xudng duéi 1a
chiéu duong va hudng 1én trén 14 chiéu am, véi gbc toa do dit tai truc dbi xding x cia tiét dién. Do
d6, cac mit nam & nita dudi tiét dién sé c6 tung d6 mang diu duong, trong khi cdc nit  nia trén c6
tung do mang diu 4am. Quy u6c dau ctia géc quay va dién tich quét (toa dd quat ®): Chiéu quay ngudc
chiéu kim dong hd quanh cuc quat ly thuyét A dudc quy uée 1a mang dau am (chiéu quay thuén chiéu
kim ddng hd mang diu duong). Khi thuc hién tich phan dudng bat dau tif nit 1 dén ndt 10, néu vecto
ban kinh tli cuc A dén diém chay trén dudng trung binh quay ngudc chiéu kim dong ho, gid tri vi phan
toa do quat @ tuong Wng sé mang diu 4m; ngudc lai sé nhén gid tri duong. Quy udc diu rd rang nay
12 co sé quan trong dé xay dung chinh xdc cic biéu do tung d6 hinh hoc y (Hinh 5(a)) va biéu do toa
dd quat 4 (Hinh 4(b), Hinh 5(b)), dong thsi phuc vu cho phép nhén biéu dd xéc dinh dic trung quat
& céc budc tiép theo.

E 5
AN R
4
xc, | ¢
= AO.,, A i e e X» A0= A
d ax
X 8 9
™ j[
Qo
6 7 10 ® 4
= 10
e 1 ®
joe b .L (S .J, of L] \\(x)
Yy y
(a) Cac diém toa do quat trén tiét dién (b) Biéu dd quat tiét dién Omega

Hinh 4. Biéu db toa do quat trén tiét dién Omega

Khéc véi céc tiét dién chit C thong thudng, su hién dién cta goc dap nghiéng @ va ciac mép gp
ngugc k trén tiét dién Omega 1am cho khodng cich vuong géc ha tir cuc A xubng tiép tuyén clia ting
doan thing thay ddi lién tuc va khong con tinh truc giao. Dua trén vi phan dién tich quét, ham toa do
quat w tai 10 diém niit chuyén tiép hinh hoc dugc thiét 1ap thanh hé phuong trinh nhu sau:
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CL)A:O
axh
w1 = =2 X S anpA1 =—%
axh bh h
wz:a)]+2XSAA0]2:— ; +7:—§(ax—b)

h h
w3 = W2 +2 XS aA23 —E(ax—b)+c(ax+b+e)+e(§—c)

h h
w4:w3+2XSAAO34:—E(ax—b)-l-C(ax+b+€)+(€+d)(§—C)

h h

w5:w4—2><SAA045:—E(ax—b)+c(ax+b+e)+(e+d)(§—c)—(ax+b+e+d)k
ah

we = 2 X S Ap0a6 = ;

axh bh h
w7:w6_2XSAA067:%_?:E(ax_b)

h h
wg:w7—2><SAA07g=E(ax—b)—c(ax+b+e)—e E_C

h h

w9:w8_2XSAA089:E(ax—b)—C(dx+b+€)—(€+d)(§—C)
h h

w10:w9+2XSAA0910:E(ax—b)—c(ax+b+e)—(e+d) E—c +(ay+b+e+dk

(10)
Biéu d6 phan bb toa dd quat w va biéu dd tung do hinh hoc y doc theo 9 nhanh ctia mit cat dudc
thé hién chi tiét tai Hinh 4(b) va Hinh 5.

h/2
b2 bh/2
<6 = h/2-c+k B b/h/2+cb+he/2+(h/2—c)d-(b+e+d)k
5' \
h2-c b/2c bh/itebthe/z  bhl2+cbthe2+(h/2-c)d
Ao A @ X Ao, A X
ax J‘ﬁ
bh/2+cb+he’2  bhy2+cbthe/2+(W/2-c)d
® )
E S, bh/2+cb+he/2+(h/2—c)d-(b+e+d)k
P N cbthe/2+(h/2-c)d~(bre+d)
h/2
y / y
(a) Biéu db tung do y (b) Biéu dd toa do quat wy

Hinh 5. Biéu do tung do y va toa dd w, quat tiét dién Omega

3.3. Cdc cong thitc gidi tich cho tdm cdt (a,) va mé men qudn tinh quat (1)
Viéc xdc dinh tAm cit a, va md men quan tinh quat /,, doi héi phai thuc hién tinh toin m6 men

tinh quat duong (/,,) va tich phan binh phuong ham toa d6 quat ( f w?dA). Nghién ciu dp dung
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phuong phap nhan biéu do Vereshchagin d€ nhan chéo biéu do toa d6 quat w, vdi bi€u do tung do y
(Hinh 5).

Viéc thuc hién phép nhan biéu d6 cho mdt hé gdm 9 doan thang sinh ra mot chudi da thiic dai s6
béc cao phic tap. Bing céach tich phan toan mién va nhém cac bién sd dai s6, md men tinh quat dudng
dudc rat gon thanh cong thiic:

Cong thiic giai tich cia m6 men tinh quat dudng:

Ty = — o[22y S o) e (,  hey(h 2c
wax 4  sina 2 sin @ ¢ 2/\2 3

—td(bh+2cb+he+%—cd)(g—c)

—tk[(bh+2cb+he+hd—2cd—2kb—2kd—2ke)(§—c+ §)+(b+e+a’)k(g—c+ g)]

(11)

Do tiét dién Omega c6 truc x 1a truc dbi xiing, tAm cit A, s& nam hoan toan trén truc x (thanh

phan a, = 0). Bing céch thay thé tryc tiép mod men quan tinh 7, & (9) va md men tinh quat duong I, ,

tir (11) vao hé thic chuyén truc, vi tri ddi truc tim cit a, dudc xic dinh hoan toan theo kich thudc
hinh hoc cta tiét dién véi i s6:

(12)

Cudi cling, m6 men qudn tinh quat I,,, dai lugng dic trung cho do ciing chdng vénh clia toan bod
tiét dién, dugc xac dinh biang cich tu nhan biéu do toa dd quat véi chinh né. Rt gon chudi tich phan
dai s6, thu dugc cong thic x4c dinh mo6 men quan tinh quat cho tiét dién Omega nhu sau:

213 3,2 o \312
Iw=2t axh +axh +(b ax)h
24 12 12
1 A n\
+2tf»1(bh—hax+cax+bc+%) +E(cax+bc+%)]
[ eh bh ha, dh dc\* 1 (dh 2
+ 2td (cax+bc+?+?— > +Z—7) +E(7—d0)}

(1 1
+ 21k Z(bh—hax+2cax+20b+eh+dh—2cd—axk—bk—ek—dk)2+E(axk+bk+ek+dk)2

(13)

Nhu vay, cdc cong thic gidi tich (12) va (13) da cung cip mot giai phap tudng minh dé xac dinh
céc dic trung quat phic tap cla tiét dién Omega chi tlt 7 bién sb hinh hoc cd ban (h, b, ¢, d, t, k, ).
Viéc thiét 1ap cac cong thic gidi tich nay khong chi gidi quyét tron ven “niit thit” trong quy trinh &
Hinh 2, ma con tao diéu kién thuin lgi dé ky su dé dang 1ap trinh tu dong héa cdc bang tinh thiét ké.
Dé d4nh gi4 miic do chinh x4c ciing nhu do tin cdy clia cdc cong thiic dé xuat, mot chuong trinh ki€ém
chiing sb s& dugc trinh bay chi tiét tai Muc 4.
4. Kiém chitng dd tin cdy va ing dung tinh toan

Muc nay trinh bay hai noi dung trong tdm: (1) Kiém ching d6 chinh xé4c ctia cac cong thic gidi
tich dé xuét thong qua mot co s dit liéu tham sb quy mo 16n; (2) Minh hoa quy trinh ap dung truc
tiép cac dic trung hinh hoc vita tim dudc vao bai toan phén tich luc téi han xoin udn (Ner,pr) cho mot
cAu kién cot thuc té, c6 dbi chiéu véi cac phuong phap sb.
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4.1. Kiém chitng cong thitc gidi tich

Dé danh gid do tin ciy clia cdc cong thic (12) va (13), mot qud trinh khao sat tham sb da dugc thiét
lap v6i 8640 trudng hop kich thudc tiét dién Omega khac nhau. Dai thong sb khao sat dude lya chon
bam st thuc tién san xuit cAu kién thép tao hinh ngudi hién nay, chi tiét dugc thé hién tai Bang 1.

Bang 1. Kich thudc hinh hoc tiét dién Omega

Thong s6 hinh hoc tiét dién Dai gi4 tri khdo sat
h (mm) [90; 100; 120]
b (mm) [40; 50; 60]
¢ (mm) [15; 20; 25; 30]
d (mm) [15; 20; 25; 30]
t (mm) [1,5;2,0; 2,5; 3,0]
k (mm) [5; 10; 15]
a (%) [15; 30; 45; 60; 75]

Tt ca 8640 truong hop nay déu dudc md hinh héa song song trén phan mém dai hitu han chuyén
dung CUFSM [13] d€ trich xuit toa d tim cit a, va md men quan tinh quat I, lam cd s6 dif liéu
chuén dé€ dbi chiéu véi két qua tinh tit cong thiic gidi tich.

Két qua ddi chiéu hang loat (dudc biéu dién dang phan tan tai Hinh 6 va Hinh 7) cho thiy su tring
khép gin nhu tuyét ddi. Miic do sai 1éch 16n nhét trén toan bo 8640 trudng hop chi ding lai & miic
0,035% dbi véi vi tri tam cit a, va 0,0000114% dbi v6i mdé men quén tinh quat I,,,.

0.040%

fz;fh;,/jf}j
s I

Sai léch gilra cong thirc tinh ax vdi
CUFSM

ESHL NI NI HNE T
- I

0.005%

0.000% *
0 1000 2000 3000 4000 5000 6000 7000 8000 9000

STT

Hinh 6. Sai léch két qua giita cong thiic giai tich tinh a, (vi tri tim cat) d& xuét v6i phan mém CUFSM

DE truc quan hda, xét mot mit cat 1ay tir danh muc san phiam ké chiia hang ctia Global Storage
Solutions [18] (tuong duong tiét dién P100) c6 kich thudc: 100 x 50 x 25 x 25 x 2 x 15 x 60°. Két
qua so sanh don 1é dudc thé hién tai Bang 2.

Céc muic sai s6 tiém can 0% nay khang dinh ring: Cac cong thifc giai tich dugc thiét 1ap tai Muc 3
12 hoan toan chinh xdc vé miit todn hoc va di dd tin cay dé thay thé cic phan mém mo phdng s trong
viéc trich xuét dic trung hinh hoc.
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Hinh 7. Sai 1&ch két qua gilta cong thiic gidi tich tinh I,, (Md men quén tinh quat) dé xuét véi phan mém CUFSM

Bang 2. So sanh dic trung quat ctia mit cit P100

Piic trung hinh hoc Cong thiic CUFSM Sai léch (%)
giai tich
TAm cit a, (mm) 49,4826 49,4878 0,0104%
Mo men quin tinh quat 7, (mm®) 2977469020 2977468995  0,0000009%

4.2. Ung dung tinh todn luc téi han xodn uén

D€ minh hoa toan bd quy trinh tai Hinh 2, bai bdo tién hanh tinh toén luc t6i han N, rr cho ciu
kién cot tiét dién P100 néu trén. Gia thiét cot chiu nén diing tdm, chiéu dai hinh hoc L = 2000 mm,
diéu kién bién & hai dau 1a lién két khép va tu do vénh. Khi d6, cdc chiéu dai tinh toan L., = L.y =
2000 mm. Céc thong sb vét liéu: E = 205000 MPa, G = 78846 MPa, f, = 235 MPa.

Tur kich thuée tiét dién 100 x 50 x 25 x 25 x 2 x 15 x 60 (don vi kich thuéc 12 mm, géc
nghiéng tinh bing dd), cac dic trung hinh hoc cd ban va dic trung quat (tinh theo cong thiic giai tich)
dugc xdc dinh nhu sau: A = 675,5 mm?, xc = 36,52 mm, I, = 962160 mm*, I, = 721037 mm*,
I, = 900,6 mm*, a, = 49,48 mm, I, = 2977469020 mm®, i, = 37,74 mm, i, = 32,67 mm.

Tur d6, xdc dinh cac thong s6 dan xuit:

Xo = ay + xc = 49,48 + 36,52 = 86,0 mm

ig = i3+ iy + xg = 37,74% + 32,67° + 86° = 98878 mm> = iy = 99,43 mm

2 2
_ X0 _ 86 _
p=1 (io) =1 (99,43) = 0252

Tién hanh tinh todn céc luc t6i han thanh phan va luc t6i han tuong téc:
Luc t6i han udn (N,,,):

mEl, 7 x 205000 x 962160

- = 486677,4N = 486,7kN
(KL)? 20002

Ncr,x =
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Luc t6i han xoan (N,,.7):

72 % 205000 x 2977469020
20002

1
Ncr,T = 1_2 (GIT +

0

nZEIW) 1

= — (78846 x 900,6 +
12 9887.8 (

) =1594952N = 159,5kN
T

Luc t6i han xoan udn dan hdi (N, rr):

Ncr,T Ncr,T 2 X0 2 Ncr,T
1+ - 1- +4(—

Ncr,x Ncr,x 1) Ncr,x

, 1594952 159495.2\? o436 2 1594952

486677.4 486677.4 9943 486677.4

N, cr,x
2B

4866774
"~ 2x%0,252

Ncr,FT =

= 126353 N = 126,3kN

Déi chiéu véi phuong phéap phan tit hitu han:

D€ s0 sanh, cot Omega trén dugc phan tich bang hai phuong phap s6 phd bién:

Phuong phap dai hitu han (CUFSM): Két qua phan tich (Hinh 8) cho thdy dang mét &n dinh xoan
ubn xdy ra tai nita buéc séng L = 2000 mm véi ting sudt téi han o, = 179,91 N/mm?.

Lyc téi han tuong ung: N, = A.or = 675,5 X 179,91 = 121529 N = 121,5kN.

Phuong phap GBT (GBTUL): Két qué phan tich thanh phan mode (Hinh 9) nhan dudgc luc téi han
mat on dinh t6ng thé Ncr(GBTUL) = 122,1 kN.

—
/]

Buckled shape for cFSM results
length = 2000 load factor = 179.9104 mode =1

cFSM classification results: off

Load fact
g
3

80.0,405.52

800.0,313.49

Hinh 8. Két qua phan tich mit 6n dinh xoan udn ctia tiét dién Omega bang phan mém CUFSM
Luc t6i han tinh theo cong thic giai tich Vlasov (126,3 kN) cao hon két qua cia phan mém
CUFSM khoang 3,8% va cao hon GBTUL khoang 3,3%. Su chénh 1éch nay 1a hoan toan logic va phu
hop v6i ban chét co hoc. Nén tang ciia cong thifc gii tich Vlasov dua trén gia thiét “chu vi mit cat
tuyét ddi cting” (khong bién dang hinh dang khi chiu ti). Trong khi d6, cdc phuong phéap s6 (CUFSM,
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GBTUL) xét dén sy tuong tic giita mét 6n dinh tdng thé va cédc vi bién dang cuc bo/méo tiét dién,

lam giam nhe do cing tSng thé ctia cAu kién, din dén két qua luc t6i han thu dugc nhdé hon. Do miic

sai s6 nay nam an toan dudi ngudng 5% cho phép trong ky thuat két ciu, c6 thé khang dinh quy trinh

tinh toan va bd cong thiic dé xuit hoan toan dap ting do tin ciy d€ dua vao thuc hanh thiét ké, phuc

vu viéc kiém tra kha néng chiu luc (Np gg) theo céc tiéu chuidn EN 15512 hodc EN 1993-1-3.
BucklingVibration Curves

1

Results of the buckling analysis of the member with L=2000 (Mode 1)
Buckling Load: Pb = 12210735

Modal paicipations (%) of the most impotant GBT modes:

P4=7512 P2=21.32 PE=3.52 Other=0.05

Hinh 9. Két qua phan tich mit 6n dinh xoan udn cia tiét dién Omega bang phan mém GBTUL

5. Két luan

Nghién ctiu nay da giai quyét tron ven “niit that” toan hoc trong quy trinh phan tich &n dinh xoan
udn dbi véi cot thép thanh méng tao hinh ngudi tiét dién Omega. Tir cdc két qua dat dugc, bai bao riit
ra nhiing két luan chinh sau:

ba thiét 1ap dugc cac cong thic giai tich cho toa do tim cat (a,) va mdé men quan tinh quat (/)
ap dung riéng cho céu hinh tiét dién Omega 9 doan thang c6 sudn dap nghiéng va mép gip ngudc.

Céc cong thic thé hién do chinh xdc gan nhu tuyét dbi (sai s6 16n nhat dusi 0,035%) khi dudgc
kiém chiing bang phuong phap phan ti hitu han (CUFSM) trén mot co s6 dit liéu tham sb khdng 16
gdm 8640 trudng hop kich thudc khac nhau.

Qua vi du tinh toan thuc tién, viéc iing dung cac cong thiic giai tich dé du bao luc téi han xoin uén
(Nr.rr) cho miic do sai 1&éch nho (dudi 4%) so v6i cidc phan mém GBTUL va CUFSM. Nguyén nhin
sai s& dudc bién luan ro rang do su khac biét vé gia thiét mit cit khong bi bién dang cta ly thuyét
Vlasov so véi bién dang méo cuc bd trong md hinh sb.

Déng gbp thiét thuc clia bai bdo 1a cung cip mdt cong cu tinh todn, cho phép cic ky su dé dang
lap trinh tu dong héa cdc bang tinh kiém tra khé ning chiu luc (N gs) clia cot thép thanh mdng tao
hinh nguoi theo tiéu chuin Eurocode ma khong can tén thai gian dung mo hinh hay phu thudc vao
cdc phan mém md phdéng chuyén dung.
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Tuyén b vé viéc st dung tri tué nhan tao tao sinh va cic cong nghé hd tro béi Al

Trong qua trinh chuén bi ban thio, céc tac gia da st dung Gemini d€ soat 16i chinh td. Cic tc gia

da kiém tra va chinh stta noi dung va chiu hoan toan trach nhiém vé tinh chinh xac, tinh nguyén ban
va tinh toan ven cuia bai bdo.
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