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OPTIMUM DESIGN OF SQUARE HOLLOW SECTION BEAM-COLUMNS

1. Introduction . :

The development of fsbtrication technology enables the
industry to produce thin-walled hollow séctions which can be
advantegeously spplied in ateel construction. Clrcular(?HS)
square (SHS) and rectangular (RHS) hollow sections are used
as structurel elements of beams, columns, trusses and frsmes.
keny theoreticsl end experimentsl studies have worked out the
analysis and design of such structures [g.g. for CHS (Chen
and Sohel, 1988ﬂ and new standserds, es the Eurocode 3 (199@
give design rules for celculation. ;

The aim of this paper is to complete the snelytical re-
sults with optimizstion and to give designers calculation ;
methods to select the most economic structurel solution. We
consider here only the cioss-section srea Cweight) to be mi~-
nimized, but in other studies we have worked out minimum cost
design considering not only the msterisl but also the febri-
cation cost (e.g. Farkes, 1984, 1990a).

- The Eurocode 3 considers 4 classes of cross-sections.'

We calculate here only the class 3 - elastic stress distribu-
tion with max. yield stress without local buckling. Kote that
in some cases the cross-sections of class 4 may be more econ-
omical then those of class 3%, but the calculetion with
effective widths is much more complicated. The optimum design
of CHS compressed struts in pest-buckling range has been
trested in (Farkas, 1990b) - end the optimum design of CHS
besm-columns in (Ferkes, 1992) .
2. Optimum design of & SHS begm losded in pure bending

The constrsint on bending moment cepacity is Q
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where WT = 4b2t/3, Mo is the “factored bending moment and
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fy is the.yield stress. The constraint on locel buckling of
~a compressed flange plate

X

b/t <1/8 - )
According to Eurocode 3. 1/4 = 428 ; C=\235/t <§)
. - 3 y
Considering (2) as active: t = db
and W = 480/ @
"From (1) one obtains gf—a o

bopt = 0.75% /& fy) (5)

.and ' = - 5?, 142 yo2 :
- : Apin = 40t = V364 Mo/ ' (6)

3. Optimum design of a compressed SHS column
The overell buckling constraint is o
NS N, =K ALy )

where - - .
wx = o sNb232, ¢- 0.5 +o(5-0.2)+ 2] | x=4

- for cold-formed hollow sections o= 0,74; . .
7“,)‘”1 = KL/(in); 1= \II/A v/ X =7 E/£, = 93.9¢
for pinned ends XK = 1, so X = L{6/(b ?\1> - ®

The locsel buckling constraint is the same ss (2) , S0 (7) can
be written in the form

2

J

N < 4db? X L -
ﬁ‘ﬂ = 1.1. (9) is &n equation for the unknown b, but the
solution of this equation csnnot be written in closed form.

"4, Optimum design of a SHS besm-column . .
: According to Eurocode 3 the oversll buckling constreint
:1s given in the form of an interaction equation as follows

N M .
+k <1 - -(0)
w .t 4
LUEN N 4
where the mement emplificetion fsctor is
B N .
k=1 - but l<kxk=<1, 11
T 5 (v

and : -
_ MERRPy - &),z 0.9, By = 1.8 - 0.7y,
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We consider here two ceses (Fig.l):
a/ When the strut is bent in single curvesture:y= 1, PM = 1.1,
M= - 1.8% ;

b/ when bent in reverse curvature: Y= -1, 3, = 2.5, & =%X.
For case &/ g
1
k =1+ =SS 12)
x funtty (

for csse b/

1—/4}51,%1?;; <0.9, x=a (3
Note that, for CHS beam-columns, another intersction
equstions sre given by Sohsl, Dusn and Chen (1989) and by
Dusn snd Chen (1990) .
The locel buckling constraint is the same sas (?). Con-
sidering it es sctive t =db, /= 42¢,

A= 4d6% = v¥/Q0.5¢) )
and " 5
W= 44v°/3 = 07/ (31.58) Qs).
Tnstead of the unknown width b we use here the dimen-
sionless varisble B:= 100b/L . a6)
so <_LV6 __ 2.61
AT G59ED T Tep . %))

and (iO) can be written as

10.5 £xlOiN/L2 e 3.5 leoim/ﬁ 1 (19
X1, (3 fy/i
This yields for /3 a higher order equation which csan be
solved only numericslly.
Xote that, sccording to Ussmi 6989), the cross-sections

of qlass'4 can te more economic than those of class % when
x>1.

Numerical exsmple
'N'= 950 kN, L = 7 m, pinned ends X = 1.
10%9/12 = 193.98 Wmm?. A = 466.67 H2/¢.
To show the effect of the tending moment M, we calculate
"
the /Gopt velues for 10°M/(NL)= 0; 5 and 10, this meens
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Fig.l Bending moment distributions on & SHS besm-column
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Fig.2 Effect of yield stress

Fig.3 Effect of moment
distribution



for lOSM/L3 = 0; 96.94 end 193.88 N/mmz. To study the
effect of yield stress, we calculste with £ =235 and 355MPa.
In enother disgrsm we show the effect of the bending moment
distribution for Y=1 and = -1.
Fig.2 shows the effect of yield stress. By using a
higher strength steel of yield stress 355 MPa instead of
235 MPa, designers can schieve 13-19% savings in weight.
Fig.3 shows the effect of moment distribution. For the
case of Y= 1 7-12% greaster cross sectional area is needed
than for Y= -1.

5. Conclusions

Cross-sectlon minimization is treated for SHS besms,
columns and beem-columns. The cslculations are performed
according to EBurocode 3, considering cross-sections of class
5. For the calculation of the unknown width snd thickness
the overall and locel buckling constreints sre considered as
sctive. The computations have been cerried out using the
Rosenbrock hillclimb msthemstical programming method. The
effect of yield stress and the moment distribution is shown
in Pigs 2 end 3.
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