Anh huéng ctia kich thuéc 16 khoét ban bung
dén tai mat on dinh tuyén tinh cua cau kién thép chirC
tao hinh ngudi chiu nén, uén

Effects of web hole dimensions on the elastic buckling loads of cold-formed steel channel

members under compression or bending

Tom tat

Cau kién thép tao hinh nguéi c6 khoét 16 da dugc st dung
nhiéu trong thuc t& nham dap ting cac nhu cau dat hé
théng dudng dng ky thuat. Diéu nay da anh huéng dén kha
nang chiu luc cda loai tiét dién nay. Viéc thiét ké tiét dién
thép tao hinh ngudi cé khoét 16 nay da dugc quy dinh trong
tiéu chudn My AISI $100-2016 véi viéc sit dung Phuang
phap Cudng d6 truc tiép (DSM). Phuang phap nay dua trén
cac phan tich mat 6n dinh tuyén tinh dé dua ra du doan vé
kha nang chiu luc cia loai cdu kién nay. Viéc xac dinh cac
gia tri tai mat 6n dinh tuyén tinh 1a yéu cau bat buéc cho
viéc ap dung phuang phap DSM trong thiét ké. Bai bao

do dé sé trinh bay phuong phép xac dinh cac gia tri mat
on dinh tuyén tinh cda cau kién thép tao hinh ngudi 6 16
khoét. Dua theo phuong phap da trinh bay, mét khao sat
sau d6 dugc ti€n hanh dé danh gia anh hudng kich thudc
ctia 16 khoét ban bung dén gia tri tai mat én dinh tuyén
tinh cia tiét dién va cdu kién thép tao hinh nguéi chir C
chiu nén hay uén.

Tir khéa: L6 khoét bdn bung, Tdi mdt on dinh tuyén tinh, Cu kién
thép chir C tao hinh ngudi, Chju nén, udn

Abstract

(old-formed steel members with perforations have been
commonly applied to meet the demands for technical installations.
This has affected the capacities of this type of structural member.
The design of the perforated sections was requlated in the
Specification AISI $100-16 using the Direct Strength Method
(DSM). This method is based on elastic buckling analyses to predict
the capacities of cold-formed steel members. The determination
of elastic buckling loads is compulsory for the application of the
DSM method in the design. This paper, therefore, presents the
method to determine the elastic buckling loads of cold-formed
steel members with perforations. According to this method,

an investigation is carried out to estimate the effects of the
dimensions of web holes on elastic buckling loads of cold-formed
steel channel members under compression or bending.

Key words: Web holes, Elastic buckling loads, Cold-formed steel
channel members, Compression or bending
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1. Gi¢i thiéu

Céc cAu kién thép tao hinh nguéi thueng duwoc khoét 16 do yéu
cau s dung nhadm dat hé théng ky thuat nhw dién, nwéc, didu hoa
hay swéi Am. Céac 16 nay thworng dwoc ché tao trwde va khoét tai ban
bung trén cac tiét dién théng dung nhw chiv C hay chir Z, ma diéu nay
c6 anh hwdng dén tinh &n dinh va kha nang chiu lwc ca ciu kién.
Tinh toan kha n&ng chiu lwc ctia ciu kién tao hinh ngudi c6 khoét |16
da dwoc trinh bay trong tiéu chuén thiét ké AISI S100-16 [1] v&i viéc
st dung phwong phap cwéong dé truc tiép. Phwong phap nay s dung
céc phan tich mét 6n dinh tuyén tinh tiét dién va téng thé dé dy doan
kha nang chiu lwc cta tiét dién hay ciu kién thép tao hinh nguéi. Do
d6 viéc xac dinh cac gia tri ('ng suat mét 6n dinh nay la co s& quan
trong cho viéc ap dung phwong phap cudng do trwe tiép khi tinh toan
céac cAu kién thép tao hinh nguéi cé khoét 16.

Bai bdo nay sé trinh bay phwong phap xac dinh cac gia tri méat
4n dinh tuyén tinh cua tiét dién va cau kién thép tao hinh nguéi chiv
C dwa trén cac quy dinh trong tiéu chu&n AISI S100-16 [1]. M6t khao
sat sau d6 dwoc thwe hién dwa trén cac phuong phap da trinh bay dé
danh gia anh huéng cta kich thwdc 16 khoét trén ban bung dén gia
tri tai mat &n dinh tuyén tinh cGa c&u kién thép chir C tao hinh ngudi.

2. Phwong phap xac dinh gia tri tai mat én dinh tuyén tinh cua
cau kién thép tao hinh ngudi c6 khoét 16

Tai liéu [3] da dwa phwong phap cwdng do truc tiép (Direct
Strength Method - DSM) vao phan chinh dé xac dinh lwc nén danh
nghia cla cAu kién bang thép tao hinh nguéi. Phuong phap chiéu
réng hiru hiéu (Effective With Method — EWM) dwgrc trinh bay trong
phan Phu luc.M4t n dinh tuyén tinh cia cAu kién dwoc lam mat 6n
dinh tiét dién va méat &n dinh tdng thé. Viéc xac dinh cac thanh phan
nay cua tiét dién nguyén dwoc thwe hién bang phan tich tuyén tinh
st dung phwong phap dai ban hiru han nhw CUFSM [2] hay THIN-
WALL [3] d& dwoc chirtng minh va dwoc siv dung trong thiét ké&. Tuy
nhién cac cau kién khoét 18 khoéng lién tuc khéng thé mo hinh hoa
b&ng phwong phap dai ban hiru han, nén khéng diing dwoc phwong
phap nay trong xac dinh cac gi tri tdi méat &n dinh tuyén tinh. Phwong
phap phan t& hiru han méc du cé thé dwoc dung trong trwdng hop
nay, nhwng né lai bdc 16 nhwoc diém & mat cong lap mé hinh va két
qua c6 thé khong chinh xac do khéng tach riéng dwoc tirng dang mét
4n dinh khac nhau. Mét phwong phap don gian héa da duoc dé xuét
trong xac dinh cac thanh phan tai mat 6n dinh tuyén tinh dwa trén cac
nghién clru cia Moen va Schafer ([4],[5],[6]), d& dwoc dwa trong tiéu
chuén AISI S100-16 [1].
2.1. Tai mét én dinh tuyén tinh tiét dién

Phuwong phap dong gidn st dung trong phan tich mat én dinh
tuyén tinh cla tiét dién thép tao hinh ngudi khoét 16 duoc trinh bay chi
tiét trong cac nghién ctu clia Moen va Schafer ([4],[5],[6]) hodc duwa
trén cac tém tat clia Pham [7]. D& hd tro cho viéc phan tich nay, mot
mo dun tinh toan dwoc phat trién bai Hoi déng tiéu chuén cho thiét ké
cAu kién thép tao hinh ngudi cé k& dén anh hwéng cia 16 khoét, chi
tiét dworc trinh bay trong céc tai liéu ([8], [9]). M6 dun tinh todn nay yéu
cau cac dir liéu dau vao don gian va dwa ra két qua truc tiép vé cac
thong tin méat 6n dinh tuyén tinh ctia cac dang cuc bd va méo cho ca
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Hinh 2. Cac kich thu'éc ghinh
cua tiét dién chir C co 10 khoét

Hinh 1. M6 dun phan mém xac dinh tai mat on dinh tuyén tinh cha tiét

dién c6 khoét 16

tiét dién nguyén va tiét dién co khoét 16. M dun phan mém
nay sé dwoc sl dung trong bao cao r)éy dé thyc hién cac
khao sé’t. Giao dién, C?Ch thirc dwa soO liéu, chay phén tich
va tra két qua dworc biéu thj trén Hinh 1.
2.2. Mét én dinh téng thé

Méat 6n dinh tng thé cla cAu kién khoét 16 dwoc xac dinh
bang cach st dung phuo’ng phap “trong lwong trung binh”.
Tai mét 6n dinh téng thé cta cAu kién chlu nén duoc xac
dlnh la g|a tri nhd hon trong hai gia tri méat 6n dinh uén hay
udn xoan tuong ung vOi cong thire (1) va (2) con md men
mat 6n dinh tdng thé cta cu kién chiu ubn dwoc xac dinh
theo cong thire (3).

Tai mét &n dinh tuyén tinh do uén:
T°Ely avg

(K L)

Pere =

Tai méat 6n dinh do udn-xoan:

ap| Pex +PO =P+ POZ - 4P |

Pcre 2[3

M& men méat &n dinh do ubén-xoan:

2
T T°ECy net
M. =—— |El Glyyg+—————
cre KyL \/ y,avg[ avg (KtL)Z

trong do:
n Elx ,avg 1 TczECw,net
PTG T S
( ) ro,avg ( t )

Ix,avg: ly,avg: Javgs To,avg 1@ CaC thanh phan d&c trng co hoc
duwoc xac dinh bang phwong phap “trong lwgng trung binh”
theo ti 1& gitra chiéu dai tiét dién nguyén va tiét dién khoét 15.

I I L +Inethet J I-g +Jnethet .
avg — L Yavg = L ’
| +1
_ 2 2 x,avg " y,avg
ro,avg = [Xoavg T Yoavg + A
avg

A _ Ang + Anethet 3 Xo, ng + Xo nethet .
avg — L 'Xo,avg L )
_ yo,ng + yo,nethet
Yoavg = L

(lgi Jg1 Ag! Lgx Xo,g0 Yo g) va (Inet Jnet net; Lnets Xo,nets Yo, net)
twong trng la cac dac trweng hinh hoc cla tlet dlen nguyen va
tiét dién tai vi tri c6 16 khoét.C,, ¢t 1a hang sb xoan kiém ché
cuia tiét dién khoét 16 v&i chidu cao |6 khoét gid dinh hpge- X4C
dinh bé&ng cong thirc (4) v&i hyg,e 1a chiéu cao 16 khoét thuc
va H 1a chiéu cao tiét dién.

1 hroe 12

Poter = Nhote + - (H= hhole)[hT()lej
(4)
3. Khao sat anh hwéng 16 khoét ban bung dén gia tri tai
mét 6n dinh tuyén tinh pﬁa cau kién thép tao hinh ngudi
chir C chiu nén hoac uon
3.1. Mét 6n dinh tiét dign

Dwa theo bdo cao clia Pham [7], tai mét 6n dinh cuc bo
phu thudc vao ti sé chiéu cao 16 khoét va chiéu cao tiét dién
hhole/D, trong khi do gia tri ctia mat 6n dinh méo lai chiu anh
hudng cua chieu dai 16 khoét Lhole. Nén khao sat sé xem
xét cac yeu to anh hudng nay dén tirng loai tai mat 4n dinh
twong tng. Tiét dién chir C dwoc dung trong khao sat véi
cac kich thwédc hinh hoc dwoc trinh bay nhw trong Bang 1.

Bang 1. Kich thudc cua tiét dién chir C (Pon vi mm)

Tiét dién t D B L

C15012 1,2 152 64 14,5
C20015 1,5 203 76 19,5
C25019 1,9 254 76 21,5
C30024 2,4 300 96 27,5
C35030 3,0 350 125 30,0
C40030 3,0 400 125 30,0

Ghi chu: ban kinh trong r = 5mm.
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3.1.1. Anh huéng clia chiéu cao |16 khoét dén tai méat 6n
dinh cuc bd

Ti s6 chiéu cao 16 khoét va chiéu cao tiét dién hho,e/D
duoc 14y tir 0,05 dén 0,8. Chiéu dai 16 khoét Ly dwoc lay
bang hai 14n chiéu cao tlet dién (Lpoe = 2D, trong d6 D Ia
chiéu cao tiét dién) va can dadm bao chleu dai 16 khoét Lhole
I&n hon chleu dai ntra buwéc séng méat én dinh cuc bo cla tiét
dién giam yéu dang xét L (Lnoie™ Lenn)- K€t qua khéo sat
dwoc biéu dién tai Hinh 3 va Hinh 4.

Két qua cho thay I8 khoét cé kich thwéc tang thi tai mat
4n dinh cuc bo tai 16 khoét cé xu hwéng ting lén. Véi 16 khoét
nhé thi méat dn dinh cuc bo xay ra tai vi tri 16 khoét, con voi
16 khoét I&n thi mat 6n dinh cuc bd xay ra gitra cac 16 khoét.
L& khoét kich thwdc nhé 1am gidm tai mat 6n dinh cuc bd
cua tiét dién nén khi d6 mét &n dinh cuc bo xay ra tai vi tri
16 khoét. L& khoét kich thwéc 1on, tai mat 6n dinh cuc bd
tai 16 khoét cao hon gia tri mat dn dinh cuc bo cla tiét dién
nguyén, nén mét &n dinh sé& khong xay ra tai vi tri 16 khoét
ma tai tiét dién nguyén gitra cac 16 khoét. Didu nay dwoc giai
thich la khi kich thwéc 16 khoét ting, phan phang con lai ctia
phia trén va dwdi 16 khoét ban bung gidm, dan dén d6 manh
cla cac phan ban bung nay gidm va lam tinh 6n dinh tang.

Vi tiét dién chiu nén, khi h,/D dat khodng 0,22 cho tat
ca céc tiét dién dang khao sat thi tai mat 6n dinh cuc bo tai 16
khoét va tai tiét dién nguyén la bang nhau. Vé&i cac 16 khoét
6 i 88 hpoe/D 16N hon 0,22 thi khéng cin xac dinh thanh
phan tai mat 6n dinh tai vi tri 16 khoét vi khi d6 mét 6n dinh
sé xay ra tai khoang gitra hai 16 khoét, va béng gia tri mat 6n
dinh cuc bd cia tiét dién nguyén.
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Khi chiu nén, ti sé gitra tai mat én dinh cuc bd cula tiét
dién khoét 16 va tiét dién nguyén cé gia tri xap xi bang nhau
Vi cac tiét dién khac nhau diing trong khéo sat véi khoang
hnole/D dén 0,6. Do d6, dwa vao cac ti sb da thé hién trén
Hinh 3 hoan toan c6 thé xac dinh dwoc cac gia tri tai mét
én dinh cuc bd cla tiét dién c6 16 khoét mét cach kha chinh
khi da biét dwoc gia tri t&i mat n dinh cuc bo cla tiét dién
nguyén.

Vi tiét dién chiu udn, anh hwéng cla 16 khoét nay dén
tai mat 6n dinh cuc bd rd rang hon khi d mé men mét én
dinh cuc bd tai vi tri 16 khoét gidm kha nhiéu dén hon 40% so
v&i khong khoét 16. Mat &n dinh cuc bd cé xu huéng xay ra
& khu virc khoét 16 khi ti s& hy,g /D nhd hon 0,6, tham chi tiét
dién C15012 c6 xay ra mét 6n dinh tai 16 khoét khi hhole/h
dat dén 0,8. Khiti sé hh0|e/D nhd hon 0,6 thi ti s& m6 men mat
4n dinh cuc bd cla tiét dién khoét 16 va tiét dién nguyén xap
XI béng nhau v&i céc tiét dién khac nhau. Nén mé men méat
on dinh cuc bd cla tiét dién khoét 16 cé thé dwoc xac dinh
kha chinh xac dwa trén cac ti s trén Hinh 4 khi da cé mo
men mét 6n dinh cuc bd cla tiét dién nguyén.

3.1.2. Anh hwéng cta chiéu dai 16 khoét dén tai méat &n
dinh méo tiét dién

Ti sb gitva chidu dai 16 khoét va chiéu cao tiét dién khao
séat Lyye/D lay tir 0,5 dén 3,0. Chiéu cao 16 khoét Iay béng
mot ntra chidu cao tiét dién khao sat. Két qua khao sat dwoc
biéu dién tai Hinh 5 va Hinh 6.

T cac két qua thu dwoc cd thé thdy chidu dai 16 khoét
tang thi tai mat &n dinh méo tiét dién gidm. Ti sb gitra kich
thwde ban bung va ban canh cang tang thi anh hwéng cla

Hinh 3. K&t qua dang mat on dinh cuc bd cua tiét dién chiu nén
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Hinh 4. Két qua dang mét 6n dinh cuc bd cha tiét dién chiu udn
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Hinh 5. Két qua dang mat 6n dinh méo cua tiét dién chiu nén
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Hinh 6. Két qua dang mat n dinh méo cua tiét dién chiu uén

16 khoét dén tai mat 6n dinh méo tiét dién
cang tré 1&n rd rét hon. Cu thé cho diéu
nay, tiét dién C15012 c6 ti sb nay la 2,38 thi
tai méat 6n dinh méo bi giam xudng khoang
40% cho ca nén lan udn, khi do6 C40030
c6 ti sb nay 1a 3,23 thi tai mét 6n dinh méo
gidm xuéng t&i khodng 65% khi chiu nén
hay udn. Bidu nay dwoc giadi thich do anh
hwéng clia ban bung dén tng x&¢ mét én
dinh méo clia ban canh, ban bung cé tinh
4n dinh cang cao (ttrc 14 ti s& ban bung va
ban canh nhd) thi sé gidm anh hwdng clia
16 khoét dén méat 6n dinh méo tiét dién cia
ban canh. Tham chi do ban bung qua réng
(86 manh cao) da lam cho ng suat méat én
dinh méo ban canh cua tiét dién C40030
con nhd hon (ng suét nay cla tiét dién
C35030 nhw thé hién trén Hinh 5 khi tiét
dién chiu nén.
3.2. Mét én dinh téng thé

Tiét dien C20015 dwoc lwa chon dé
khao sat v&i cac thong sb hinh hoc nhw
trong Bang 1. CAu kién khao sat c6 chiéu
dai 2500mm dwoc khoét 05 16 déu va dbi
xtrng véi chidu cao hhole dao déng tr 0,2
dén 0,8 1&n chiéu cao tiét dién, va chiéu dai
Lot |4y tlr 0,5 dén 2 1an chiéu cao tiét dién.

H
'
L
b

Hinh 7. Vi tri cac 16 khoét trén ban bung tiét dién

Hinh 8. Md hinh méat &n dinh uén do nén
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Hinh 9. M6 hinh mat 6n dinh uén-xoan do nén

Xoay quanh me x vay
T do nen dang vénh tiet dién

/

Géngqua
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Hinh 10. M6 hinh méat 8n dinh uén-xoan do uén

Chi tiét vi tri cac 16 khoét dwoc biéu dién trén Hinh 7.

CAu kién khao sat chju nén ding tam hodc udn thuan
tay. Diéu kién bién cho chiu nén chia lam hai trwong hop,
bao gom lién két khop theo truc khde hay lién két khop theo
truc yéu dé thu dwoc twong ng dang mét 6n dinh udn-
xodn hodc ubn. Didu klen bién dam bao chong vénh tiét
dién doc theo chiéu dai cau kién khi chiu xoan. Do dd, cac
hé sé chiéu dai t|nh toan duo*c ldy nhw sau: L=L; L,=0,5L;
L, 05Lcho mét on dlnh udn; va L=0,5L; L=L; L 0,5L
cho méat 6n dlnh udn-xodn, vé&i L Ia chidu dai cau kién. Vé&i
cAu kién chju udn, didu kién bién dam bao lién két khép theo
ca truc yéu Ian truc khde va khdng ngan bién dang vénh tiét

12

dién doc theo chiéu dai ciu kién do xoan,

=~ Trong tim vGi cac hé sb chiéu dai tinh toan cu thé

i

Le=L=L, =L, voi L la chiéu dai cau kién.
Chi tlet cac mé hinh nay dwoc bidu dién
tir Hinh 8 dén Hinh 10. Két qua tinh toan
cac gia tri mat &n dinh tuyén tinh tdng thé
dwoc biéu dién thanh cac biéu db tir Hinh
11 dén Hinh 13.

Két qua khao sat cho thay kich thwéc
16 khoét cang I&n thi gia tri tai mat &n dinh
tbng thé cang gidm. Quan hé gitra tai méat
4n dinh va chiéu dai 16 khoét cé quan hé
bac nhét, do d6 cé thé noi suy dwoc dwoc
tai mat &n dinh ndm gitra cac diém tai méat
4n dinh d& xac dinh. Diéu nay ciing thay
ré théng qua quan hé bac nhat cla cac
dac trwng hinh hoc v&i chiéu dai cla 16
khoét nhw trinh bay trong muc 2.2.

Theo nhw sb liéu khdo sat, tai mét
4n dinh uén-xoén do nén anh hwéng I&n
nhat bj gidm t&i gan 50% so v&i gia tri
méat 6n dinh cla tiét dién nguyén, trong
khi do gia tri nay la 35% va 40% voi tai
mét &n dinh udn do nén va méat 6n dinh
Xoay quanhmexvay  ubn xodn do uén.

Tir do bien damg vénh fiét dién ~

V@i 16 khoét nhd (vi du nhw hyge/D=
0,2) thi sy thay ddi cta chiéu dai 16 khoét
khéng anh hwéng dang ké dén tai mat on
dinh tuyén tinh théng qua géc déc dwong
gia tri mat 6n dinh kha nhé. Véi cac 16
khoét co ti s6 hpge/D I&n thi d6 gidm vé
tai mat 6n dinh c6 xu hwéng manh hon
khi chidu dai 16 khoét ting, cé thé thay
thong qua goc dbc ciia dwong tai mat &n
dinh t&ng nhiéu.

4. Két luan

Bai bao da trinh bay phwong phap don gian trong xac
dinh cac gia tri mét &n dinh tuyén tinh cua tiét dién cAu kién
thép tao hinh ngudi theo tiéu chuan AISI S100-16. Phwong
phap don gian nay sau do da dwoc xay dwng thanh mot mé
dun tinh toan dwoc phat trién béi Hoi ddng tiéu chuén cua
M§ nham phuc vu cho viéc phan tich méat n dinh tuyén tinh
cua tiét dién thép tao hinh ngudi. Khao sat sau d6 dwoc tién
hanh st dung phwong phéap don gidn da trinh bay dé& xem
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Hinh 11. Két qua khao sat dang mét on dinh udén do nén
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Hinh 13. K&t qua khao sat dang mat 6n dinh uén-xoan do uén

xét anh hwéng cuia kich thudc 16 khoét trén ban bung dén tai
mét &n dinh tuyén tinh cla tiét dién va cAu kién thép ch» C
tao hinh ngudi v&i cac két luan chinh dwoc dwa ra nhw sau:

Tai mét 6n dinh cuc bo phu thudc vao chiéu cao 16 khoét,
con tai mat 6n dinh méo tiét dién lai chiu anh hwéng cla
chiéu dai 16 khoét;

Chiéu cao 16 khoét nho di thi tai mat &n dinh cuc bo ¢o xu
hwéng giam. M4t 6n dinh cuc bd xay ra tai vi tri 16 khoét voi
16 khoét nhd, con xay ra tai gitra cac 16 khoét khi 16 khoét cd
kich thwéce lon;

Chiéu dai 16 khoét t&ng thi tai mat &n dinh méo tiét dién cd
xu huéng gidm.Ti sb gitva kich thwéc ban bung va ban canh
cang I&n thi anh huéng ctia 16 khoét dén tai mat 6n dinh méo
tiét dién cang trd 1&n ré rét;

Kich thwéc 16 khoét cang Ién thi gia tri tai mat 6n dinh
tdng thé& cang gidm. L& khoét c6 chiéu cao cang I6n thi gia tri
tai méat 6n dinh tuyén tinh cé xu hwéng gidam manh hon khi
chiéu dai 16 khoét tang lén./.

Tai liéu tham khao
1. American Iron and Steel Institute, North American Specification

for the Design of Cold-formed Steel Structural Members.
Washington DC: American Iron and Steel Institute, 2016.

2. Z. Liand B. W. Schafer, Buckling analysis of cold-formed steel
members with general boundary conditions using CUFSM:
Conventional and constrained finite strip methods. Saint Louis,
Missouri, USA, 2010.

3. V. V. Nguyen, G. J. Hancock, and C. H. Pham, “Devemopment
of the Thin-Wall-2 for Buckling Analysis of Thin-Walled Sections
Under Generalised Loading” in Proceeding of 8th International
Conference on Advances in Steel Structures, 2015.

4. C. D. Moen, “Direct Strength design for cold-formed steel

members with perforations”, Johns Hopkins University, Baltimore,

2008.

5. C. D. Moen and B. W. Schafer, “Experiments on cold-formed steel
columns with holes”, Thin-Walled Structures, vol. 46, no. 10, pp.
1164-1182, 2008.

6. C. D. Moen and B. W. Schafer, “Elastic buckling of cold-formed
steel columns and beams with holes”, Engineering Structures, vol.
31, no. 12, pp. 2812-2824, 2009.

7. N. H. Pham, Nghién citu anh hwong ciia I6 khoét dén sw mdt 6n
dinh tuyén tinh ciia cau kién thép tao hinh nguoi. Dai hoc Kién
triic Ha Noi, 2021.

8. AISI, “Development of CUFSM Hole Module and Design Tables
for the Cold-formed Steel Cross-sections with Typical Web Holes
in AISI D100, Research Report 1, 2021.

9. AISI, “Development of CUFSM Hole Module and Design Tables
for the Cold-formed Steel Cross-sections with Typical Web Holes
in AISI D100, Research Report 2, 2021.

56 TAP CHi KHOA HOC KIEN TRUC & XAY DUNG



	#50

