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FABRICATION CCST CALCULATICNS OF WELDED STRUCTURAL PARTS

Abstract

In order to minimize the cost of welded structures, optimization
studies should be performed, which need masthematical formulation
of the cost function. In the first author’s previous structursl
optimization studies the spproximate formulse of the Pshl-Beelich
zethod have been used, In the present study these formulse are
compared to numerical results of other suthors and, on this
basis, some corrections ere preposed to obtain more suitsble
numerical results. The fzbrication times sre divided into

three parts as follows: 1/ preperation, assembly and tacking,

2/ welding, 3/ electrode changing, deslegging snd chipping.

The cost of electrode and painting is treated seperately. Some
numerical exsmples illustrate the proposed calculation method.

1, Introduction

Calculations have shown that the fabrication costs play an
importent role in welded structures. For instance, in welded
stiffened or cellulaer plates, the fabrication costs take sbout
60% of the totel (msterisl snd fetricstion) cost. To minimize
the costs the optimum design methods should be used. In the
optimum design procedure the cost function is minimized
considering the design constraints. In this procedure

a mathematicel formustion is needed for the cost function

end for the design constraints. The design constraints relste
to the strength, stability, stiffness, vitration, demping,
fabrication requirements and can be formuleted on the basis
of structursl analysis.
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The mathematicel formulation of cost furnctions 1s more
difficult becsuse of the complexity of fabtricetion procedures
and because of the leck of realistic cost data.

In the industry is common to use the cost/tonne concept
(Firkins 1990), but it is not suitable for optimization.

If we use a cost/tonne cost factor for fabrication cost,

then the materisl and fabrication costs will give similar,
non-conflicting functions which do not lead to an optimum.
For en optimum we need conflicting functions, thus, we should
use a more suitable febtricstion cost celculation method

based on a more detailed cost analysis.

The first suthor hes used in some studies (Farkas 1988, 1991,
1992a-b) the cost formulae proposed by Pshl and Beelich (1982)
based on industrisl desta. The aim of the present study 1is to
revise these formulae and dsta in the light of other publi-
cetions. The study of selected literature has shown that,

in this context, the Aichele’s book (1985) and the paper of
Ott ond Hubks (1985) may be considered.

2. A brief survey of selected literature

Some publicstions in this field have been earlier mentioned

by the first esuthor (Ferkaes 1992b). Relative cost factors

for different welded joints have been given by Donnelly (1968).
Likhtarnikov (1968) hss anslyzed the fabrication times and
costs for various building structures. Czesany (1972) has

studied and compared the costs of vsrious welds welded by
different technologies. In the Peurifoy’s book (1975) cost
dsta can be found for welded joints. Volkov (1978) has given
formulae and factors for fabrication time calculations of
roof trusses, columns and crane runway girders of industriel
buildings. Yeo (1983) published a fcrmuls end factors for

the calculation of welding costs. Winkle end Beird(1986) have
“investigated the febricsticn cost of stiffened plates used in
ship structures. '




%s Calculation of fabrication costs

The total cost of & structure can be calculated as

K=Ky + Ke * Kogq @
where K is the materisl cost, Kf is the febrication cost
eand K are additionsl costs of non-destructive testing,

add
repsir, psinting, corrosion protection, trensportstion,

erection,msintening, etc.
Considering only Kh eand K_, (1) can be written in the form
k
K = ov+ £ Zmi @)
km km ¢ | )
‘where km and kf are the materisl end fabrication cost factors,
respectively, @ is the materisl density, V is the volume of the

structure and Ti are the times necessary for fsbricstion.
Ti can be divided in three parts treated as follows.

2s1 Cost of preperation, assembly snd tacking

For @ plated structure consisting of 5 elements the time for
this pert of fabricetion is proportionsl to the perimeter, for
the ith element it is

The mass of an element is proportionsl to the square of the
perimeter o
G. = c,P¢
1 21
thus - -
Pi 03 \ﬁ}_l and Ti cy \’E;

For the totel structure, in average, it is G = 3<Gi

= - \’.G_- \r“"
Tl X.Ti c5x bl Cg G w
This formula hes been derived in Likhtarnikov’s book (1968) and

spplied by Pshl and Beelich (1982) in the form
1, =c, Ve x ; ¢, = 1.0 min/kg®*? (3)

and
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é is & difficulty factor, proposed velues for it ars given
in Tetle 1.
Teble 1. Proposed values for the
difficulty fsctor d.
For skewed angle joints
add 1-2 points

V-weld Fillet
60° weld  90°
planar long welds 1.0 2.0
structure flat position R .
short welds
plates, flat steel 1.5 2.5
spatial U-. L X
- -profiles
ture I-, T-profiles 2.5 4.0

%.2 Cost of welding

Pehl end Beelich have proposed the following cslculation

22 C21 aw1 wi | (4)

vith constents © ¢ = 0.8x107 min/(anl*Oxam) (42)
for manusl-src welding ‘
C, = 0.5%x107° min/(mm®*?xmm) ' (4b)

 for MAG (002\ welding

where 8, is the weld size, Lw is the weld length.
According to the dats given by Aichele (1985, p.309) the exponent

ai'4 would be better instead of ai's, but the differencies

between the cslculated vslues of T2 are smell; so it is proposed
to use ai‘s in further calculations. Note that, based on
Aichele’s data, for T2 times, multiplying factors of 1.5 and
1.8 cen be proposed for verticel and overhesd welding positions,
respectively.
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3.3 _Changes of electrode, deslageging and chipping

According to Pshl sand Beelich
-3 .
T3 = Cs'E; a$'5 L, s 03 = 1.2x10 - mln/(mml 5xmm) (5)

Ott snd Hubka (1985) proposed to use values of
03 = (0.2 - 0.4) 02 in avgrage C3 = 0.3 02 (6)

Comparing the dats in Aichele’s book (1985, pp.311-312) it can
be taken

=1
(e + C5) co, = 5, + ®5) manue1 (7)
Based on (6) and (7) and eliminating\ﬁf. from (5), the revised
formuls for T, is
3
- 1.5
Iz = Z Cai 8yi” Lyg (8)
¢
with the values , -3 1.5
Cs = 0.24x10™7 min/(mm™ *”xmm) - (8e)
for mesnual src welding
03 = 0.12x107 min/(mml’smm) ' <8b) .

for 002 welding
and the times T,. and T3 cen be added up ss follows

2
- 1.5
Tt Ty —;(C‘?i " Cg5) 8 I, ()
where 02 = 0.8x107° min/@mml'5xmm) for manusl sarc welding (?a)
c, = 0.4x107> min/(?ml‘5xmm) for CO,-welding (9@)

Thus, it can be concluded that the formulse (S) and (9) give more
realistic vslues than (4 b)eng (5).

3e4 Other cost components

The materisl cost of steel Fe 360 veries in a range of km =0.5 -
1.2 8/kg. The fabrication cost factor including overheads can be
taken ss ke = 15 - 45 &/manhour = 0.25 - 0.75 Z/min.
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For the cost of electrode Pshl and Beelich proposed the following
Tormula
_ 2
K, =k, C,al L (10)

~

where Kk is the electrode cost factor k = 10 DM/kg = 6 2/kg,

C 0.01x107° kg/[mm?xmm) for manual arc welding (102a)

4
4

c 0.008x107° kg/(mmzxmm) for CO,-welding (10ob)

It will be shown by numerical examples that the cost of electrode
can be neglected compaering with materisl end fabrication costs.

The cost of surface preperation snd peinting, as it has been
jllustrated in a first suthor’s paper (Farkas 1992b), signifi-
cantly affects the optimsl sizes of structures. In the mentioned
study the pasinting cost factor k_ = 12 2/m° has been considered
according to literature sources (Here 1990, Mensdorf 1991).

4. Numerical exsmples

The results obtained by the revised Pahl-Beelich formulse are

compsred to those calculated according to Aichele.

4.1 Butt-welded tube (Fig.l)

This example has been treated by Aichele (1985, p.l70).
The density of steel is © = 7850 kg/mj. The totsl mass is

G =@AL = @ DtL = 509 kg
The difficulty factor is d= 1, number of elements X = 1.
T, =\509 = 22 min.
For msnusl arc welding

- lo — - 1. - .
T, + T, =(C, + C;) g °1, = (0.8+0.24)x10 3x61°7x1850 = 28 min,

Tl + T2 + T3 = 50 min., According to Aichele T1+T2+T3 = 3% min.
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The Aichele’s velue is smaller since it does not consider
the reletively large mess.

The cost of electrode is
K, = 6x0.01x10™ x6°x1850 = 4 &.

The total cost including the cost of electrode and taking

k, = 1.0 8/kg and kp = 0.75 3/min is

K=kG+ kf(Tl+T2+T3) + K, =509 + 38 + 4 =51 &.

It can be seen thst Ke is small and can be neglected.

4.2 Welded box beem (Fig.2)

The cross-sectional srea is A = 32680 mm2, € = 7850 kg/mB,

G = @AL = 2565 kg.
With J=5 and X= 4 T, =3 \[2565 V4

For menuel arc welding

204 min

T, + T, = (0.8 + 0.24)10 %41 *%x4x10* = 333 min,
Tl + T2 + T3 = 6%4 min.
According to Aichele (1985, p.309) T1+T2+T3 = 14x40 = 560 min.
Ke = 6xO.le10-3x42x4x104 = 38 g; with km = 1.0 3/kg end
ke = 0.75 g/min the totel cost is

K = 2565 + 0.75x6%4 + 38 = 3079 3.

4.3 Welded cellulsr plate (Fig.3)

This pleted structure consists of 4 cold-formed channels and
6 deck plates welded from outside to channels by fillet welds.
The area of cross-section is

A = 2x4x1500 + 4x3%600 = 19200 mm°

@ =-7850 kg/m3, the length of the plate is L = 4 m,

the totsl maess 1is G= @AL = 603 kg.

d=3, x=10, 1, =3\6050 = 233 min.
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For menusl erc welding

7+ 1 = (0.80 + 0.24) 107 x31*7x48x10” = 260 min

2 73
Tl + T2 + Cll‘.5 = 493 min.
According to Aichele (1985, p.309) T 4T Ty = 11x48 = 528 min.
K, = 6x0.01x10  x3°x48x10° = 26 8.
k, = 1.0 8/kg, k; = 0.75 3/min, K= 999 2.

4.4 Welded plenmer tubular truss (Fig.4)

The cross-sectional area of 81l chords Al = 4x120x5 = 24C0 mm2

and thet of sll disgonels A, = 4x100x5 = 2000 .

The total volume is

= 1.776x10° mm’

V = 42x1074, + 8x4.8x10°4,
0= 7850 ke/m’, G = OV = 1394 ke.
d=3, ™=10; T, =73\13940 = 354 min.

The total weld length is L = 16x2 (100 + 128) = 7296 mm.

1

For menual arc welding

T, + T, = (0.80+0.24) 10 7x51*?

5 x7296 = 85 min,

T1 + T2 + T3 = 4%9 min.

According to Aichele (1985, p.309) T +T,*T, = 19x7.296 = 139 min,
this does not contsin the time necessary for prepesration, gssembly
and tacking of s more complicated structure in which the mass is

large comparing to the weld length.

K = 6x0.01x10™ x5°x7296 = 11 Z.

with k= 1.2 8/kg end ko = 0.75 g/min
2013 2.

K = 1.2x1%94 + C.75%4%9 + 11
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5. Conclusions

The proposed cost calculation formulse sre besed on the Pahl-
beslich method with new coefficients corrected by comparisons
with other methods. It is proposed to use formuls (3) for Tl’
formulae (8) end (9) for T, end T, respectively with constants
C, end 03 given by (8a-b) and (9a-b) resp., instead of (4b) and
(5}. Numericel examples verify the suitability of the proposed
formulae. A greater difference is between Tl values given by
Aichele and Pahl-Beelich, becsuse Aichele does not consider

the effect of mass and number of structural elements.

formula 1s given also for cost of electrode, but this cost
can be in most cases neglected.
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