NGHIEN CUU KHDA HOC

ENgay nhan bai: 21/7/2023 BNgay slra bai: 17/8/2023 MNgay chap nhéan dang: 04/9/2023

Xac dinh kha nang chiu luc ctia cot thép chir C
tao hinh ngudi c6 16 khoét ban bung
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TOM TAT

Céu kign thép tao hinh ngudi bao gom |6 khoét duge str dung pha bign
dé lap dat ha thang ky thut trong tuamng hay trén trén nha. Tuy nhién,
sur ot mét cia cac |6 khoét nay da dan dén sy giam kha nang chiu lyc
ciia cau kign. Bai bao dua ra quy trinh xac dinh khé néng chiu lyc cia
céu kign cot thép chir C tao hinh ngudi. st dung Phuong phap Cuang
dd truc tigp (DSM). da duoc quy dinh trong tigu chudn Hoa Ky AISI
SI00-2016. Mat churong trinh phén tich mét dn dinh tuyén tinh duoc tai
trg va phat trién bei Vien Sat va Thep Hoa Ky da dugc st dung trong
phén tich tng x(r mét dn dinh tuyén tinh cia cot chir C cd 6 md ban
bung. Bai béo ciing dua ra cac vi dy minh hoa trong xac dinh kha nang
chiu lyc coa cot thep chit C vai 1a khoét ban bung va ca so sanh vai
kh néing chiu lrc coa tigt dién nguyén.

Tir khda: Khé nang chiu luc; cat thép chir C; tao hinh nguai; 1a
khogt ban bung.

ABSTRACT

Cold-formed steel members that include openings are commanly
employed to accommodate technical systems within walls or
ceilings. However, the presence of these openings can result in a
decrease in their member strength. This research paper,
therefore, outlines the process of assessing the member
capacities of cold-formed steel channel columns, using the Direct
Strength Method (DSM) as specified in AISI SI00-2016. An elastic
buckling analysis software developed by the American Iron and
Steel Institute is utilized to analyze the elastic buckling behavior
of channel columns with openings. The paper also provides
examples illustrating the determination of capacities for channel
columns with openings, which are then compared to those of
gross sections.

Keywords: Capacities; steel channel columns; cold-formed steel;
web holes.
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1. GIGITHIEU

Cau kién thép tao hinh ngudi cé 16 khoét thudng ngay gap
trong cac két cdu cong trinh dé phuc vu cho viéc 1dp dit cac hé
thong dién, nudc hay diéu hoa. Théng thudng céac 16 khoét nay
dugc khoan trén ban bung cda céc tiét dién cht C hay chir Z, ma
da anh huéng dén tai mat 6n dinh tuyén tinh cling nhu kha nang
chiju lyc ctia cac loai cau kién nay. Kha nang chiu luc cta loai cau
kién c6 16 khoét nay da dugc xem xét va quy dinh trong Tiéu chudn
Hoa Ky AISI S100 [1] bang cach sir dung Phuong phap Cudng do
truc ti€p. Phuong phap nay ching minh dugc uu diém cla né
trong thiét ké két cdu thép tao hinh nguéi so vai Phuong phéap Bé
rong hiéu dung (EWM) truyén théng [2] dua trén tinh don gian va
hiéu qua trong thiét ké. Phuong phap Cudng dé truc ti€p (DSM) co
thé dua ra cac du doan vé kha nang chiu luc clia ciu kién thép tao
hinh ngudi dua trén nén tang cac phan tich mat én dinh tuyén
tinh. Diéu nay dan dén viéc xac dinh gid tri tai mat én dinh c6 vai
tro quan trong lam co s& cho viéc ap dung Phuong phap Cuong dé
truc ti€p trong thiét ké ciu kién thép tao hinh ngudi.

Phan tich mat én dinh tuyén tinh cla tiét dién thép tao hinh
ngudi khong 16 khoét co thé dugc xac dinh théng qua dudng cong
chir ky phan tich mat 6n dinh tuyén tinh 1a két qua cla viéc su
dung mét s6 phan mém phan tich nhu THIN-WALL-2 hay CUFSM
[3; 4]. Cac phan mém nay dugc phat trién dua trén nén tang cla
phuong phap dai hitu han [5]. Trudng hgp tiét dién khéng 16 khoét,
cac tac gid Pham va Vu [6] da dua ra cac phan tich va trinh bay cac
budc thiét ké bang cach st dung chuong trinh THIN-WALL-2 [3].
Tuy nhién, nhiing chuong trinh phan tich mat én dinh d6 khéng
dung dugc cho tiét dién co 16 khoét bai tinh khéng lién tuc clia cac
dai tinh toan do su c6 mat clia céc 16 khoét. Trong cac trudng hop
nhu vay, cdc mé hinh phan t& hitu han thudng dugc xem xét su
dung nhu ANSYS hay ABAQUS [7] lai to ra khong hiéu qua, két qua
mang tinh ch quan khéng ré rang va tén nhiéu céng trong viéc
thiét 1ap mo hinh khi thuc hién cac buéc phan tich. Thém vao do,
két qua tu viéc phan tich d6 thu dugc rat nhiéu cac dang mat én
dinh ma viéc xac dinh chi la quan sat don thuan va déi khi khong
tach biét duoc tling dang mat 6n dinh do c6 nhiing hién tuong
giao thoa giira cac dang mat én dinh vai nhau.

VEé téng quan cac nghién cltru vé tiét dién thép ngudi co 16
khoét, mot s6 nghién ctu da thuc hién khao sat vé ting xr clia cot
thép tao hinh ngudi chiéu dai nhé véi nhiéu hinh dang 16 khoét
khac nhau nhdm phan tich vé kha nang chiu luc khi mat én dinh
cuc bd [8-11]. Cac nghién ctu khac lai xem xét anh hudng cua
chiéu dai hay vi tri 16 dén kha nang chju luc cta cot thép tao hinh
ngudi [12-15]. Kha nang chiu luc va ting xt cla tiét dién thép chir C
tao hinh ngudi sau dé dugc nghién ctu danh gid ky luéng thong



www.tapchixaydung.vn

qua nghién cru ctia Moen va Schafer [16-23], va nhiing két qua
nghién ctu d6 da dugc dua vao tiéu chudn cta Hoa Ky AISI S100-
16 [1] cho viéc thiét ké loai tiét dién nay vai viéc ap dung va phat
trién Phuong phap Cudng dd truc ti€p (DSM). Trong cac nghién
cliu d6, ho da phat trién mét phuong phéap don gian héa trong xac
dinh tai mat én dinh tuyén tinh cla tiét dién thép tao hinh ngudi
6 16 khoét. Viéc phat trién ly thuyét nay la co s& quan trong cho
viéc phat trién va Ung dung phuong phap Cudng do truc tiép
trong thiét ké tiét dién thép tao hinh nguéi co 16 khoét ma da dugc
quy dinh trong Tiéu chuan Hoa Ky AISI S100-16 [1]. Gan day mot
chuong trinh phan mém CUFSM da dugc phét trién bai Vién Sat va
Thép Hoa Ky [24; 25] dua trén két qua nghién ctu cla Moen va
Schafer [16-23], diéu nay giup cho viéc xac dinh cac gia tri tai mat
8n dinh tuyén tinh cla loai tiét dién c6 16 khoét nhanh chéng va dé
dang hon.

Do d6, bai bao sé trinh bay va ap dung phuong phap Cudng dé
truc ti€p trong xac dinh kha nang chiu luc ctia cét thép chi C tao
hinh nguéi c6 16 khoét, va sau do so sanh vai kha nang chiu luc ctia
cdu kién nguyén khéng c6 16 khoét trén ban bung.

2. XAC PINH KHA NANG CHIU LU'C CUA COT THEP TAO HINH
NGUOI CO LO KHOET

Kha nang chiu nén danh nghia cta tiét dién thép tao hinh
ngudi c6 khoét 16 dugc xac dinh la gia tri nhé nhat trong ba thanh
phan sau: 1) Cudng do mat én dinh téng thé cla ciu kién Pne; 2)
Cudng do mat 6n dinh cuc bd clia cdu kién Py; 3) Cudng dé mat 6n
dinh méo cua tiét dién Pns. Céc thanh phan cudng dé nay dugc xac
dinh nhu sau:

2.1. Cudng d6 mat 6n dinh tong thé

Pne:[0.658xg P, ifAc<15 (1)

Pe=|270p  ifAc>15 )
>\C

Trong do:

Ac d6 manh cta cau kién: X, =[P, /P, ;
Py 1a luc gay ra bién dang chay déo cla tiét dién;
Pee 1 cudng @6 mat 8n dinh téng thé tuyén tinh, dugc Iy gia tri
nhd hon trong céc gid tri sau:
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Cac thong s6 dac trung cla tiét dién (I, ly, J, Ag, Xo, Yo, fo) dUgc
xac dinh theo tiét dién nguyén. Cac dac trung cla tiét dién cé 16
khoét dugc xac dinh theo phuong phap “trong lugng trung binh”
nhu da trinh bay trong Bang 2.3.2-1 cda Tiéu chudn Hoa Ky [3], cin
U theo ti s6 chiéu dai ctia phan tiét dién nguyén va tiét dién giam
yéu, nhu sau:
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Cuwnet 1 hdng s6 xodn kiém ché cua tiét dién gia thiét c6 chiéu
cao hnoler dugc xac dinh theo cong thuc (5), trong dé hnole la chiéu
cao thuc cta 16 khoét va D la chiéu cao cua tiét dién.
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2.2. Cudng d6 mat 6n dinh cuc b cia tiét dién
VGiN <0,776: Pni=Pne
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Trong dé
N 13 d6 manh danh nghia do mat 8n dinh cuc bo:

>\I = \/Pne /Pcrl ’

Py la cudng d6 chay déo cla tiét dién nguyén;

Pt la cudng dé mat 6n dinh tuyén tinh cuc bé khi chiu nén clia
tiét dién c6 khoét 16, dugc xac dinh bang cach st dung cac phan
tich mat &n dinh.

2.3. Cudng d6 mat 8n dinh méo tiét dién

Cudng d6 mat 6n dinh méo tiét dién dugc xac dinh cin ci theo
d6 manh danh nghia A4, cu thé nhu sau:

NéEu A4 < A2 VGi A2 dugc xac dinh nhu céng thic (13):
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Trong dé:
A 1a d6 manh danh nghia mat én dinh méo tiét dién:

Ng = /Py /Peq s

Py la cudng d6 chay déo cla tiét dién nguyén;
Pynet la cuding d6 chay déo cua tiét dién giam yéu;
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Pad 1a cudng d& mat 6n dinh tuyén tinh méo tiét dién khi chiu
nén cua tiét dién c6 khoét 16, dugc xac dinh bang cach sir dung cac
phan tich mat 6n dinh.

3.ViDU TINH TOAN

Tiét dién C20015 dung trong tinh toan véi cac s6 liéu cu thé
nhu sau: chiéu cao D = 203mm; chiéu rdng B =76mm; sudn bién L
= 19,5mm; chiéu day t = 1,5mm; chiéu cao 16 khoét hhoe = 40 mm;
chiéu dai 16 khoét badng 200mm. Cac kich thudc tiét dién dugc biéu
dién trén Hinh 1. Vat liéu thép cé cac théng s6: Ung suat chay Fy =
345 MPa; M6 dun dan héi E =203400 MPa.

St dung cac phan mém phan tich mat én dinh nhu da dé cap
trong muc 1, xac dinh dugc cac gia tri sau: Cudng do chay déo cla
tiét dién nguyén Py = 195,47 (kN); Cudng dé chay déo cua tiét dién
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gidm y&u Pynet = 174,77 (kN); Cac gid tri tdi mat 6n dinh tiét dién: P
= 31,22 (kN); Ped = 66,285 (kN). Cau kién c6 chiéu dai 2500 mm, c6
05 16 khoét dugc bé tri d6i xing va déu dan, biéu dién nhu trén
Hinh 2. Diéu kién bién cho c6t dugc quy dinh quay tu do theo truc
yéu (y-y) va ngam chit theo truc khoée (x-x) va bi kiém ché xoan tai
hai dau cdu kién. Do d6, chiéu dai tinh toan cta cau kién duoc lay
bang Ly =L, Ly = L. = 0,5L; trong d6 L la chiéu dai hinh hoc cta cét.

Cac dac trung hinh hoc cua tiét dién co 16 khoét dugc xac dinh
st dung phuong phép “trong lugng trung binh” thu dugc két qua
nhu sau:

Aavg =542,58 mmz; |xavg = 3599500 mm“; |yavg =418092 m“; Javg =
406.93; Cwnet = 3349800000; Xoavg = 55 (mm), Yoavg = 0mm.

y

D
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Hinh 1. Gic kich thudc chinh cla tiét dién chii C
3.1. Cudng d6 mat én dinh téng thé
Xéac dinh cudng d6 mat 6n dinh t8ng thé tuyén tinh Pee dugc
xac dinh la nhé hon trong hai gia tri sau:
2

~°El
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d6 B = 0,706)
Do dé Pee = Pey= 134,1 5 (kN)
Xéc dinh kha ning chiu luc clia c6t do mat 8n dinh téng thé:
D6 manh clia cot:
N =Py /Pere =+/195,47 /134,15 =1,207 <1,5

=401,99(kN) (Trong

Do d6, kha nang chiu luc do mét én dinh téng thé ctia cot:

2
0.658* ]Py =106,224(kN)

Pre =

3.2. Cudng d6 mat én dinh cuc bd
Db ménh danh nghia cuc bé:

N 06,224 oo,
Pcrl 31,22

ViA> 0,776, nén Py dugc xac dinh nhu sau:

P 0,4 P 0,4
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3.3. Cudng d6 mat 8n dinh méo tiét dién
D06 manh danh nghia méo tiét dién:

N = P_y: 195l:1,717
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ViAa> A2= 0,921 nén Png dugc xac dinh nhu sau:
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P
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195,47
= 88,812 (kN)

Kha nang chiu nén danh nghia cGa cau kién cot khao sat
C20015 c6 16 khoét ban bung:

Pn = Min (Pne, Pai, Pnd) = Min(106,224 kN; 59,586 kN; 88,812 kN) =
59,586 (kN)

Cau kién ¢4 16 khoét bi pha hoai do mat én dinh cuc bo.

Véi tiét dién nguyén, kha nang chiu luc cua tiét dién dugc xac
dinh dua theo bai bdo clia Pham va Vi [26] c6 gia tri nhu sau:

Pn = Min (Pne, Pni, Pnd) = Min(116,11 kN; 63,82 kN; 108,33 kN) =
63,82 (kN)

Cau kién C20015 chiéu dai 2500mm khong 16 khoét bi pha hoai
do mat 6n dinh cuc bé.

Nhan xét: Ca hai trudng hgp cé hay khong co 16 khoét, cau kién
déu bi pha hoai do mat 8n dinh cuc bo, song do anh huéng cuda 16
khoét kha nang chiu luc ctia cau kién giam tir 63,82 kN xudng
59,586 kN.
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Hinh 2. Kich thudc cdu kién va b tri 16 khoét trén ban bung cdu kién cgt thép chit C tao hinh ngugi
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4. KET LUAN

Bai bao da trinh bay quy trinh xac dinh kha nang chiu luc
clia cdu kién cét thép tao hinh ngudi cé 16 khoét ban bung theo
Tiéu chudn AISI S100-16 véi viéc 4p dung Phuong phap Cudng
dé truc ti€p (DSM). D€ 4p dung phucong phap mdi nay, bai béo
da gidi thiéu va st dung phan mém hé trg cho viéc phan tich
mat 6n dinh tuyén tinh cla tiét dién c6 16 khoét ma phan mém
nay dugc phat trién va tai trg bdii Vién sit va Thép cha Hoa Ky.
Bai bdo dua ra cac chi dan tinh toan cu thé cho mét ciu kién cé
16 khoét d6i xiing va déu dan trén ban bung cau kién, va da chi
ra dugc anh hudng cla 16 khoét dén kha nang chiu luc cta cot
thép tao hinh nguéi trong su tuong quan so sanh véi kha nang
chiu luc cta cot c6 tiét dién nguyén.
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