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Effects of lateral bracings at tension chord on the overall buckling of planar steel truss

Tom tat

Abstract

Planar steel trusses have been used for many civil and industrial
buildings, as well as transportation infrastructures. Currently, few
research studies have been conducted on the bending resistance for the
overall buckling of planar steel trusses. In this research, finite element
models for linear buckling and nonlinear analysis (based on the beam
element) of planar steel trusses subjecting to concentrated loads at their
nodes were developed. These models could be used to determine the
critical loads (Pcr) and the load-displacement relations of the trusses.

To verify the reliability of these models, their predicted results were
compared with the results obtained from a test series of planar steel
trusses made of square hollow sections (SHS) in an earlier publicized
research study. Finally, based on the developed finite element models,
this research indicates that the effects of lateral bracings at tension chords
on the overall buckling of planar steel trusses could be considerable.

Key words: Planar steel truss, Overall buckling, Critical load, Lateral
bracings
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Vy Son Tung"™, Nguyén Nhu Hoang?

1. Gi&i thiéu

V6&i nhidu wu didm nhw khdi lwong két cAu nhe, thi cong
nhanh va cé thé vwot nhip I&n, gian thép phang dwoc st dung
phd bién cho nha dan dung, cong nghlep va cbng trinh giao
thong Hinh 1 trinh bay mét s6 vi du vé (rng dung cua gian thép
phéng. Céc tiét dién dworc diing phd bién cho cac thanh clia gian
thép phéng la tiét dién can néng hodc t& hop han dang chiv H,
hop réng va géc. Ngoai ra, trong nhirtng ndm gan day, tiét dién
can ngudi dang ch U va C ciing duwoc st dung dé lam gian thép
phéng d& mai.

Khi bd tri khodng cach glua cac gidng ngang khong hcrp ly,
glan thép phéng nhip I&n c6 thé bi pha hoai do méat 4n dinh téng
thé trwdc khi vat liéu cla gian thép dat toi gia tri cwdng do chay
déo. Piéu nay cé thé gay ra lang phi vat liéu trong thiét ké& gian
thép phang. Trong cac hwéng dan thiét ké & Viet Nam [1-3], khi
thiét ké gian thép phang, diéu kién 6n dinh tdng thé cia gian
dwoc ddm bdo thdng qua kiém tra diéu kién én dinh tdng thé
ctia thanh canh chiu nén. Phuong phap nay thién vé an toan, tuy
nhién, khong k& dén sw déng gép cla cac thanh bung, ciing nhw
cac gidng ngang tai thanh canh chiu kéo dén kha nang chéng
mét 6n dinh téng thé cla gian thép phang. Ngoai ra, chiéu dai
tinh toan ngoai mat phang cta thanh canh chiu nén dwoc lay
béng khoang cach gitra cac diém giding ngang, va chiéu dai tinh
toan trong mét phang ctia thanh canh nay dwoc Iy bang khoang
cach gilra cac nut gian. Gia tri cia cac chiéu dai tinh toan nay
duwoc 4y thién vé an toan va cé thé khéng dung véi gia tri that
clia chdng.

Sé lwgng cac nghién ctru vé 6n dinh téng thé cua gian thép
phéng con kha han ché. Jankowska-Sandberg va Kotodziej [4]
da tién hanh cac thi nghiém déi voi cac gian thép phang st
dung tiét dién hop vudng rdng (SHS) bi mét &n dinh tdng thé khi
chiu udn. Céac két qua thi nghiém dwgc ddi chiéu véi két qua
dw doan tr mé hinh phan t& hiru han dwoc xay dwng trwéc do
trong nghién ctru [5]. Dwa vao két qua thi nghiém, Jankowska-
Sandberg va Kotodziej [4] két luan rang n dinh cla gian thép
phéng phu thuéc vao vi tri dat lwc, khoang cach va dé cirng
clia cac giang ngang va dd cing cta thanh bung. Ngoai ra,
v&i cac gian thép phdng dwgc thi nghiém, chidu dai tinh toan
ngoai mat ph&ng ctia thanh canh chiu nén nhd hon khoang cach
giang ngang 30-80% [4]. Krajewskl va IW|ck| [6] da khao sat anh
hwédng clia do clrng cla glang ngang dén 6n dinh tong thé cua
gian thép phang. Sau dé, tir két qua chay mé hinh phan t& hiru
han, Krajewski va Iwicki [7] da cho thdy anh huwéng dang ké cla
do cung cua glang ngang tai cac nut ctia thanh canh trén (chiu
kéo) dén 6n dinh tdng thé clia gian thép phang chiu tai trong gi6
bbc. Tai Viét Nam, ngoai mot sb tai lieu thiét ké [1-3], cho dén
hién tai, chwa c6 nghién ctru ndo dwoc thuwe hién vé én dinh téng
thé cla gian thép phéng.

Nghién ctvu nay khao sat vé én dinh téng thé cla gian thép
phéng c6 k& dén anh hwéng cla viéc bd tri giding ngang tai
thanh canh chiu kéo. DAu tién, ndi dung cta cac thi nghiém vé
4n dinh téng thé cla gian thép phang thuc hién & [4] dwoc trinh
bay ngén gon. Dwa trén céc thi nghiém nay, mé hinh phan to
hiru han (FEM) én dinh tuyén tinh (linear buckling) va phan tich
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Hinh 3: Pudng cong P-0 cia mot s6 thi nghiém [4]

phi tuyén (nonlinear analysis) dwgc 1ap. Do tin cay cla cac 2. Thi nghiém vé 6n dinh téng thé ctia gian thép phang

mé hinh nay dwoc xac nhan bang cach so sanh két qud mé  [4]

phdng véi ket qua thu duoc t cac thi nghiém. Sau do, cac Jankowska-Sandberg va Kolodziej [4] da tién hanh 14
mé hinh nay dugc si dung dé danh gia on dinh tong thé  thi nghiem véi cac gian thép phdng nhip 7m. Thiét ké& cla
cta mét gian thép phang duoc thiet ké theo cac trvong hop:  cac gian thép phang nay duoc thé hién nhw Hinh 2. Cac thi
khéng cé giéng ngang, co giang ngang tai thanh canh qhiu nghiém duoc chia thanh 5 nhom (A, B, C, D va E) va duoc
kéo, c6 giang ngang tai thanh canh chiu nén, va c6 giang  phan biét dwa theo cach bé tri gising ngang va tai trong. Tiét
ngang tai ca thanh canh chiu kéo va thanh canh chiu nén.
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Hinh 4: M6 hinh phan tar hitu han caa gian thép
phang Al

dién cla thanh canh trén, thanh canh dw¢i va thanh bung
dau gian 1& SHS 25x25x2 (chiéu day t = 2,259mm, mé-dun
dan hdi khi chiu kéo E = 208,07 GPa va md-dun dan hbi khi
chiu c&t G = 80,02 GPa), trong khi d, tiét dién ctia cac thanh
bung con lai Ia SHS 20%x20x2 (t = 2,315mm, E = 210,83GPa
va G = 81,09GPa). Do cac thi nghiém duoc tién hanh dén
truéc thdi didm gian thép phéng bi pha hoai, nén gia tri
cwdng dd chay déo fy clia vat liéu khéng cé nhidu y nghia.
Gia tri lwc tac dung t&di han Py dwge xac dinh théng qua
quan hé gitra lwc tac dung P va bién dang ngang I&n nhét &
(phwong phap Southwell). Quan hé P-5 va gia tri cta Pg 1y
thu dwoc tlr cac thi nghiém (TN) dwoc thé hién trong Hinh
3 vaBang 1.

3. Cac mé hinh phan ti hivu han
3.1. M6 hinh phén t& hitu han én dinh tuyén tinh

M6 hinh phan t&r hiru han 6n dinh tuyén tinh cia gian
thép phang dwoc lap dwa trén phan mém Abaqus/CAE [8]
va dwgc mo ta nhw Hinh 4. Do cac thanh gian trong cac thi
nghiém clia Jankowska-Sandberg va Kotodziej [4] khdng bi
mét 6n dinh cuc bd, phan t&r thanh (beam element) dwoc str
dung d& mo phéng cac thanh gian dé gidm thoi gian chay
mo hinh. Lién két gitra cac thanh gian 1a lién két han, do
vay, lien két gitra ching trong mé hinh dwgc mé ta 13 lién
két cirng. D& mé phdng cac géi twa va giding ngang cla gian

TN C1

TH AT

FEM A1

FEM C1
Hinh 5: Bién dang do mat 6n dinh tong thé cua gian thép phing A1, C1 va E1

Bang 1: Gia tri lu'c tac dung téi han thu dugc tir thi
nghiém va mo phong

ngnigm | Gintnee |l | Tl | g
A1 1,56 1,77 1,13

A A2 1,60 1,77 1,11
A3 1,60 1,77 1,11

B1 1,80 1,77 0,98

B B2 1,78 1,77 0,99
B3 1,74 1,77 1,02

c1 1,92 1,86 0,97

C c2 1,90 1,86 0,98
c3 1,89 1,86 0,99

D1 0,48 0,54 1,12

D D2 0,48 0,54 1,12
D3 0,48 0,54 1,12

£ E1 0,56 0,63 1,12
E2 0,61 0,63 1,03

Trung binh 1,06

Hé sb bién thién 0,06

thép phang, cac chuyén vi clia cac nut gian twong (rng dwoc
khai bao bi ngan can nhw Hinh 4. Ngoai ra, cac lwc tap trung
P =1 kN ciling dwgc dat tai cac nut gian twong rng voi tai
trong cia m&i nhém gian dwoc mé ta trong Hinh 2. Tiét dién
cac thanh gian, cac gia tri E va G mo ta trong Muc 2 dwoc
dung dé& thiét 1ap cac md hinh. D& tim ra gia tri lwc tac dung
t¢i han Pcr,FEM, thuat gidi Buckle dwoc str dung.

Dé xac dinh gia tri Iwc tac dung t&i han Py, ey trong Bang
1, gia tri cta tri riéng (Eigenvalue) duwong dau tién clia md
hinh n dinh tuyén tinh (xac dinh b&i phan mém Abaqus/
CAE) dwoc nhan véi P = 1kN. Bién dang cta gian twong trng
véi tri riéng nay chinh la dang mét 6n dinh tng thé cla gian.
3.2. M6 hinh phén ti hitu han dung cho phén tich phi tuyén

Phan tich phi tuyén (nonlinear analysis) 1a loai phan tich
ma quan hé phi tuyén gitra lwc tac dung va chuyén vi clia két

TNET FEM E1
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clu duogc xét. Phan tich phi tuyén thuwdng
ké dén phi tuyén hinh hoc, phi tuyén vat
liéu va twong tac gitra cac phan t& trong
két cAu. M& hinh phan t& hiru han dung cho
phan tich phi tuyén (goi tat & mé hinh phan
tich phi tuyén) ciing dwoc lap trong nghién
clu nay dé dw doan dwdng cong P-§ cla
cac gian thép phang (Hinh 3). Cac dutng
cong P-8 nay c6 thé dung dé kidm tra lai gia
tri Perpem Nhw da néi & Muc 2. Néu khai bao
thém gia tri cwong dé chay déo f, cha vat
li&u, mé hinh nay c6 thé xac dinh kha nang
chiu lyc téi da P,y cla gian thép phang.
M6 hinh nay cling dwoc 1ap nhw Muc 3.1,
tuy nhién, thuat giai Static, Riks va phi tuyén
hinh hoc (NLgeom) dwoc st dung. Khuyét
tat hinh hoc tdng thé (global imperfection)
dwoc thém vao mé hinh phan tich phi tuyén
dua theo bién dang cua gian tai tri riéng
dwong nhé nhét, va cé gia tri bang nhip

P PP

L. il _II. ql

15
i
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T

P

gian/ 1000 = 7mm.
3.3. Kiém tra dé tin cdy cta cac moé hinh

Hinh 5 cho thay bién dang cla cac gian
thép phdng nhém A, C va E thu dwoc tir
thi nghiém va mé hinh phan tich phi tuyén
c6 su twong ddng cao. Ngoai ra, s twong o
ddng cao gitra cac gia tri Pertn Va Porrem Va |. -
gitra cac dwong cong P-6 thu duwoc twr thi & J b
nghiém va cac mé hinh (n dinh tuyén tinh e |
va phan tich phi tuyén) ciing dwgc thé hién

G1

trong Bang 1 va Hinh 3. Két luan, cac md £ N

hinh dworc 1ap trong nghién clru nay la dang
tin cay d& du doan sy mét 4n dinh tng thé
trong giai doan dan hdi (elastic buckling)
clia gian thép phang.

4. Khao sat anh hwéng cua giang
ngang tai thanh canh chju kéo dén 6n
dinh téng thé cua gian thép phang

Cac md hinh duorc 1ap trong Muc 3 dwoc
st dung dé khado sat mét gian thép phéng
chiu tai trong gi6 béc (Hinh 6). Cac tiét dién
thanh gian va diéu kién bién tai nut gbi dwoc
l4y theo mé t& trong Muc 2. Ngoai ra, chuyén vi ngang cla
cac nat gian 1 va 9 dwoc ngan can vi ¢ cac gidng ngang.
Dau tién, gia tri lwc tac dung t&i han (Perrem) cla trwdng
hop gian thép dang xét khdng cé thém gidng ngang sé dwoc
so sanh v&i Py ey cla trwong hop gian thép dang xét co
thém giding ngang tai nut 5, hodc cac nat 3, 5 va 7, hodc cac
nut 2-8 clia thanh canh trén (chiu kéo). Sau d6, P gy cla
truong hop gian thép dang xét cé thém gidng ngang tai nat
5*, hoac cac nut 3*, 5* va 7*, hoac cac nat 2*-8* trén thanh
canh dwdi (chiu nén) sé duwgc so sanh lan luot véi Pereem
clia trwong hop gian thép dang xét c6 thém gidng ngang tai
cac nut 5 va 5%, hoac cac nut 3, 5, 7, 3*, 5* va 7%, hoac cac
nat 2-8 va 2*-8* clia ¢é thanh canh chiu kéo va thanh canh
chiu nén.

Hinh 7 thé& hién dang mét &n dinh tdng thé& ctia cac trudng
hop gian thép phang khong cé gidng ngang tai thanh canh
dwdi (chiu nén). Hinh 7 ciing cho thay sw bd sung giéng
ngang tai cac nut cia thanh canh trén (chiu kéo) lam thay ddi
dang mét 6n dinh thé cla gian thep phdng dang xét. Ngwoc
lai, theo Hinh 8, sy bd sung glang ngang tai cac nat cla
thanh canh trén khéng lam thay déi dang méat &n dinh téng

Gl

G2

G4

thé cua gian thép phang da dwoc bé tri gidng ngang tai cac
nut twong rng cla thanh canh dwai.

Bang 2 cho thay khi sb lwgng nat gian dwoc bé tri giding
ngang tang I&n, gia tri lwc tac dung t¢i han (P, FEM) clia glan
thép phang dang xét ciing duoc tang 1&n. Khi b tri gidng
ngang nhw céac truong hop G2-G4, gia tri Py rem cla gian
thép phang nay tang o rét tir 156 dén 287% so véi khi bo tri
glang ngang nhuw treong hop G1. Bén canh do, Hinh 9 cho
thay v&i cach bb tri gidng ngang nhw céc trudng hop G2-G4,
dd ctrng tdng thé chia gian thép nay ciing duoc tang dang ké
S0 v&i trwdng hop G1. Bang 2 ciing cho thay, khi bé tri gidng
ngang tai thanh canh chju nén (cac trwdng hop G6-G7), gia
tri Perpem tang tor 41 dén 218% khi so v&i cac trwdng hop
G3-G4. Ngoai ra, khi gian thép phang da dwoc bb tri gidng
ngang tai thanh canh chiu nén (trwd'ng hop G5-G7), viéc bd
tri thém gidng ngang tai thanh canh chiu kéo (trwéng hop
G8-G10) khéng cé hiéu qua dang ké (nho hon 2%). Trwdng
hop G2, G5 va G8 cho gié tri P, FEM gan gibng nhau bidu
nay cho thay di véi gian thép phang dang xét, gidng ngang
tai nut gian gitra nhjp clGa thanh canh chju kéo cé hiéu qua
gan gidng véi gidng ngang tai nut gian gitva nhip cla thanh

canh chiu nén.
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5. Két luan

Nghién ctru nay trinh bay tém tat cac thi nghiém cla
Jankowska-Sandberg va Kotodziej [4] v& 6n dinh tong thé
clia gian thép phang. Dwa trén bd tri va két qua cla cac thi
nghiém nay, cac mé hinh phan t& htbu han &n dinh tuyén tinh
va phan tich phi tuyén dwoc 1ap va kiém ching dé tin cay.
St dung cac mé hinh nay, mét sé khado sat vé anh hwéng
clia gidng ngang dén 6n dinh téng thé cta gian thép phang
da dwoc thwe hién. Két qua khao sat cho thay giang ngang
tai cac nut gian cua thanh canh chju kéo c6 anh hwéng dang
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Tinh toan kha nang chiu luc cia c6t lién hgp thép-bé tong...

V6i gia tri trong bang hoan toan c6 thé xay dwng bidu d6
guan hé gitra kha nang chiu lwc (Ilwc doc gi¢i han) cla cot
sau mot thdi gian chay nhat dinh nhw Hinh 4.

Kiém tra lyc tac dung N, ., =1747,2kN co thé thay
cac cdt cao tlr 2,7 dén 3,6 m chi chiu dwoc thoi gian chay
dén khodng 70-78 phut. T thei gian 80 dén 120 phut cot
da khong du kha nang chiju lwc (khd nang chiju lwc — chiv
nghiéng mau dé trong bang nhé hon lyc tac dung).

4. Nhan xét va kién nghi

Bai bao gi¢i thiéu cach xac dinh kha nang chiu Iyc cla
cot lien hop thép- bé tong trong diéu kién chay theo phwong
phap don gidn hoa dwgc d& cap trong tiéu chudn EC4.

V6i phwong phap nay hoan toan cé thé khao sat anh
hwéng cua chiéu dai (46 manh cot) cling nhw thoi gian chay
dén lwc doc gidi han clia cot. Tl d6 cé thé kiém tra kha néng
chiu luc ctia cot tai mot thdi didm chay nhét dinh. Déng thoi

8

(tiép theo trang 37)

ciing c6 thé chon Iwa tiét dién thich hop véi yéu ciu thiét ké
chiu Ira nhét dinh./.
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