MISKOLC

1. A Szamitastechnika Mlszaki Alkalmazasai
Konferencia

| Miskolc-Egyetemvaros,
1991. februar 26.-marcius 2.




IFFENED ON CONE SIDE

a
<g
(@}
—
3
— O
n =
a2 2
e+ O
u =]
-
Ay %
o}
=
o O
=~
=
(&
= O
0 L
=
QoM
o}
& Ul
(98]
(@3
(&}
—
A

s

o

«©

w

©

£ «o

B B

[N

fca Y]

)

[
o

D @

42 T

<

o

[

o

Q

o

L]

o

G

o}

£q

Dr. Jézsef FARKAS, Professor, Doctor of

Dr. Kéroly JARMAI, Assoc. P

JMGARY

v

KISKOLS,

M

CF

UNIVERSITY

DEARY

<
-

[ 3]

ction

e cost fun

PR
-

veri-

ite

.
m
—i
@
2]
)

Y]

PRSI

ire

'
o

praoced

en

6%

oo side &

streints

ted nermel

Sistribu

o

Ay

for:

Wnl

8

N
ying

-y

Céa:

late

[ON

INTRCDUCTICN

here are

ened

] £
i

st

¥ o
pe

Tain types o

tTwo

structures. I

tes (Farkss 1934).

|
nla

-
“

celliule

these

compare

1
P
(@]

NCTI

laraiatal
G105

THE

3.

s

ents are we

glew

ver

oo
Co

welded to

te is

la

;p

There are

ermittent.




Fig.l. Jenersel view sné node details of a plete orthogonally
ST U . 3 stiffened on one side by cold-formed channel-section ribs
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v cross-sectionsl eres of & rib is spproximstely 2htr where h is

e height, 1, is the constent thickness. The integer number of dis-

between ribs in one direction is ¢ = b/a, where b is the side

ength of the plete. Thus, the number of ribs in one direction is @+1.

ng thst ell ribs heve the seme cross-sectionsel sres, the whole

gnces

15SULL
wolume of the squere stiffened plete 1is
2 H

v = b, + 4bht (¢ 1) (1)

snere Lo is the trickness of the cover plste. The cost consists of

.ne meterial and fsbricetlon costs

K=Km+Kf=kmgov+kui¢Ti (2)

km(ﬁ/kg) snd k. (8/min) sre the zeterial end fabrication cost fsc-
tors, respectively, @ is the meterisl density, T; are the fabrics-
tion times in min. The method oroposed by Pahl and ceelich (1982) is
ysed here for the celculstion of fatricetion times. Note thet this
h

sethod has also been used in other studies (Ferkss 1983, 1330s, b).

o/ Preperstion, sssembly snd tacking

= . = 1 0’5

, = ¢ dlov {5 c = 1.0 min/ke (3)
vhere J is the difficulty fsctor. According to the values described
by Ferkas (}988) we teke here c§= %, Furthermore o< is the number of

structural elements

o= a3 Plp-1) = 2¢° + 3 @

b/ Welding
T, = :Z} C,. 31?5 L . Cg)
2 T 21wl Tw
y = 0 -3 . 1.5 . i 3
02 0.8x1077 min/(mm”°*’xmm) for menuel arc welding
c3? = 0.5x107 nin/(an *xmm) for CO,-welding

L. and Lw are the size end length of welds in mm. For COZ-welded

fillet welds, joining the cover plate elements to the grid, one obtains

_ -z 1.5
T} = 0.5x10 “x4b el (6)
For manusl-src-welded joints of grid ncdes we get
- =3 2 . . .
Ty = 0.8x10 ’{(q—l) [4h93;r5 + ontl 5]} (internsl nodes) (1)
_ -3 1. 1.5 :

T30 = 0.8x10 §4¢@hawr5 + bt )g (periphersl nodes) ®)

thus
3 1.5

T3+Ty7T70 = 2107 bya,y + 1.6x1077 h (¢ 2+) (28l:7+417) @)
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¢/ BEledrode chenging, weld slesgging snd chipping

T3 = C3 ng-E; aiis Lys 3 C3 = 1.2x1077 min/(mml°)xm0
With J; 3 we obtein
- -3 1.5 2 1.5 1.5},
T3 = 2.07846x10 {#bqgawf + gh(@ + 1><28wr 1 )

In the numericsel ccmputations we take first 8¢ = 0.7t and

= Fi W
- O.7tr. First we trest h, tf snd tr 8s contlnuous variabl eg

and compute the optims for esch integer values of Q. Then,by_u51nﬁ

values of h, tf and tr' 8 ¢ 8nd 8, On the basis of & series of

avellable discrete vslues. In this procedure we use rounded velues

s, @s follows{in mm)

for t 2 2.5 3 3.5 4 4,
3

8, 1.5 2 2.5 2.5 3

5 5 5.5 6
5 3.5 4 4.5

In order to give an internstionslly usable solution, the following ;
ranges of km and kf m8y be considered. For steel Fe360 km = O.ﬁ
- 1.2 3/kg, for fabrication including overheads kf 15-30 &/manhou
= 0.25-0.50 3/min. Thus, the rstio kf/km may very in the range O
go we consider the vslues kf/km = 0; 0.25; 0.50; 0.75 and 1.0,

THE DESIGN CONSTRAINTS

-2/ Constraint on compressive stress in the central upper cover plet

element i
Cnax.1 +G;i‘.max < Boanm ex
mex.l S csused by the bending of the whole plate, g%.max is thy
normel stress due to the local bending of the cover plate elements,
Radm is the edm1851ble stress. GﬁaxA can be calculated by mesns ¢
the orthotropic plate theory

2

Cyy P D
6’max 1 - Y @3

* I /a I

Since the torsionsl stiffness of the open sectidn ribs is very smal
the stiffened pleste csn be calculsted ss en orthotropic one having
torsionsel stiffness H = 0. Schsde (1941) hes calculated for this
cese 3 vslue of Cy = 0.1102. Furthermore, p =1, 1p pO is the
intensity of the unlform normal load, the effect of self weight 1is
considered by the factor of 1l.1l.




gcording to Fig.l., the distsnce of the centroidal sxis yo cen te

siculsted as

2ht at
r . . 1 . XK= e T (14)

2ht_ + a2 t 1+ 2ht '
r e f r

N ]{a
1
iSlieg

M

’ =y 8 is the effective width of the compressed cover plste secticn :
rark8s 1984) . The most simple formula for <y has been proposed by

sni and Fukumoto (1982) , tsking into account the effect of residusl

1ding stresses snd initisl imperfections

R ; = Q.75 : = )
s -—-—2% N p £l (as) |
P i
[ is the Young modulus. The moment of inertie can be expressed as
3 3
nt h“t
- 2 h _ )2 r - r 2+ 5«
1 = ety * o2t (2 yo)S * e o Qe)

substituting (13) into @.5) we get s quadretic equetion for «, the

solution of which 1is

5x0.752 cpjt; h E 96 cy P l:)5 t. a7)
17
4 2, 5.4 y
12cy p b 25x0.75" @ te E
can be celculsted by mesns of for-
ped edges (Timoshenko 1959

6 = 6epp 8°/tS ;5 op < 5.13%1072 Gs)

()
|

0.3078p b2/ (Pt)° a9)

5 B} h-ye _ .
¢ = 6 T T 6/max.l (1 * 2°(> % Roan (20)

max.2 m8X.l
Jc

i Constreint on sheer buckling of rib webs st the edges

2,
2 ~ 2 2
. e pbe 0.42DpD ( 5,347 E [t T
> Y q - ;‘E ub = —I‘ fOr ub f Taadm (21)
ht, ht, ¥o 12 (1-\:?) T \n To

2
T- Q4221 < 7 ror

Tup
dm
ht, To
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th is the ultimste shesr buckling stress, 2% = 1.35 is the safe
factor sgeinst buckling, Y= 0.3 is the Poisson’s restio and ‘gdn
the admissible shear stress.

d/ Deflection constreint

4

c._p. b

W 0 < — 3

w < w =¢’hb
mex E Ix/s adm

According to Schade (1941), for 2 torsionsl stiffness H = g,
Cu = 0.0082.

e/ Size constreints sre the thickness limitations

t.2=t end t_ =t

£~ "o r o]
NUMERICAL EXAMPLE
Data: t, = 2 mm; p_ = 5 kN/a® = 5x10™ MPs; p = l.lp, = 5.5 kN/w;
E = 2.06x10° MPa; steel Fe360; Rogm = 120 MPa; b = 8 m;@= 7850 kgh
©b° = 401.92 kg; Tam = Rogg/V3 = 69 MPs; c® = 1/2000.
The optimization hss been performed by using the "hillelimb* 8lgo~

rithm (Rosenbrock 1960). The computer program has been developed by
Jérmsi (1989).

The results are summerized in Table 1, for rounded optimel dimensics
only. ‘

Teble 1. Optimel rounded dimensions, Vmin and
Kmin values
oy te | B tr 10y Xin
E_ q%pt "3 min
m (mm) 401.92k,
1 7 5.5 460 2.5 12.62 31.65
0.75 7 55 460 2.5 12.62 26.90
0.50 8 5.0 43Q 2.5 12.30 22.40
0.25 | 13 3.5 370 2.0 10.85 17.07
0 14 3e5 355 2.0 11.03 11.03
CONCLUSIQONS

1. The ¢, depends on k./k . For ke/k = 1 it is ¢%pt‘=7f
snd for kf/km = 0 we get 7%pt = 14.
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2.cglculeting with unrounded optimel velues, for kf/km = 1, the dif-

- ference between the costs of V . end K .. solutions is 100(31.81 -
- 30.875)/%0.875 = 3%, thus, savings of 3% in costs mey be achieved
py using & cost function instesd of s volume function.

The rstio of the febrication cost/totsl cost, for kf/km =1, is
100 (30.875 = 12.350) /12.350 = 60%, thus, the fsbricetion cost pleys
gn importsnt role in the csese of stiffened plates.

b1

The sensitivity of the objective function to the chenge of the mein
veriable (P may be cheracterized by the following dets. If @ changes
from 7 to 9 (28%), for kf/km = 1, the chsnge of the objective func-
tion is 100(%1.780 - 3C.875)/2C.875 = 3%; 1if  changes from 14

to 11 (27%), for kf/km = 0, the change of the objective function

is 100 (31.257 - 10.322)/10.322 = 4%. Thus, the sensitivity is

smell.
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