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The cover picture shows the Egg-Graben Bridge which was a winning structure in the 2014
competition for the fib Awards for Outstanding Concrete Structures. In the words of the jury
“The jury highly appreciated the consistent application of durability philosophy. The bridge
deck is intended to have a long service life with very low maintenance costs because the
bridge deck is constructed exclusively with encapsulated post-tensioned reinforcement and
watertight anchorages. No other reinforcement is used. Therefore, the electrolytic corrosion
in the deck is ruled out. In this way waterproofing and pavement were also saved. The con-
crete itself is meant to resist both physical and environmental loads. The bridge also fulfils
high aesthetic expectations.” More information can be found in this issue on pp. 281-291
(photo: Pez Hejduk).
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Effect of welding heat on precast
steel composite hollow columns

Steel composite hollow columns have been studied in order to
ease their construction. Welding or bolting are mostly used for
connecting the steel tubes of precast steel composite hollow
columns. However, welding generally results in temperatures of
about 20000 °C in the welding zone and 1300 °C around the weld-
ing zone. Thus, the strength of the concrete in regions close to a
welding zone is reduced. In this paper, the effects of arc welding
and electro-slag welding — two widely used methods for connect-
ing the column modules of steel compaosite hollow columns — on
the temperature change in the welding zone are studied by per-
forming heat transfer analysis. The changes in the strength of the
concrete are investigated for each welding method. The rate of
decrease in concrete strength due to electro-slag welding was
greater than that due to arc welding. In addition, an effective
method using ceramic fibres is suggested for preventing strength
reduction in concrete due to welding heat.

Keywords: welding, heat, column, precast, concrete

1 Introduction

Interest surrounding precast columns is increasing in the
construction industry because of their high constructional
efficiency. Precast columns, consisting of individual mod-
ules fabricated in a factory, are assembled on the con-
struction site. There are several ways of assembling these
columns, e.g. column-bent cap, column segment-segment
joints and column-foundation. These connections must
exhibit good performance to prevent the global failure of a
column. Furthermore, it is important to select the type of
connection and column cross-section to ensure safe con-
struction. Steel composite hollow members have good
ductility and strength compared with hollow RC columns.
This type of member was developed in the late 1980s [1]
for use as a substructure in bridges and as a column in
buildings. Fig. 1a shows a steel composite hollow member;
double steel tubes are arranged concentrically and the
space between them filled with concrete. The concrete ex-
periences a triaxially confining state because it is re-
strained by the double steel tubes that exert passive lateral
pressure on the concrete in the radial direction. There-
fore, the strength of steel composite hollow members is
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generally 10-30 % greater than the sum of the strengths of
its individual components. Furthermore, these members
exhibit good seismic performance because of the compos-
ite effect of steel-concrete interactions [2].

A precast steel composite hollow column has three
types of connection: a) connection between column seg-
ment modules, b) connection between bent cap and col-
umn, and c) connection between column and foundation.
The connection between column segments was suggested
in [3], and is shown in Fig. 1b. A precast steel composite
hollow column is composed of internal and external tubes
plus concrete. Connections must be proposed for the con-
crete and the tubes. These connections must resist bend-
ing moments and shear forces under lateral loads. As only
the tubes resist the bending moments, all tubes must be
bonded perfectly [4]. The method for connecting steel
tubes is welding, which is a high-probability, high-perfor-
mance method of connecting steel. Stiffeners in the inter-
nal and external columns are connected by fillet welding
after the steel tubes are joined by groove welding, as
shown in Fig. 1b. For welding the internal tube to a stiff-
ener, an auto welding machine or manual welding can be
used because this column system is generally used in large
piers and wind turbine towers. This method of connection
requires a certain welding space in the hollow section. Its
diameter needs to be at least 1.5 m. This connection is sug-
gested large section that diameter of hollow section has
over 1.5 m.

Fig. 1c shows cracks in the concrete in the welding
zone of a precast steel composite column [4]. This speci-
men was selected after using the connecting method
shown in Fig. 1b. The internal and external tubes of pre-
cast steel composite hollow column modules were con-
nected by groove welding, whereas the internal and exter-
nal stiffeners on the internal and external tubes were
connected by fillet welding. The structural behaviour of
precast steel composite hollow columns was investigated
using the quasi-static test method, an experimental
method for applying constant axial force and repetitive lat-
eral force to the top of a column. According to the results
of this experiment, concrete cracking mostly occurred in
the welding zone, and the colour of the concrete in the
welding zone changed to lampblack. Welding heat direct-
ly (or indirectly) influences precast column behaviour.
Welding heat leads to temperatures of about 20000 °C in
the weld zone and about 1300 °C in regions around the
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Fig. 1. Section and module connections for steel composite hollow columns: a) section through column, b) connection method for modules,

and c) cracks in concrete
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Fig. 2. Variation in concrete strength due to temperature rise [5]

weld zone. Furthermore, welding heat is transferred to the
concrete from the welding zone. The strength of the con-
crete near the welding zone is reduced due to the massive
increase in temperature. The change in concrete strength
with rise in temperature, shown in Fig. 2, is based on
Eurocode 2 [5].

Fig. 2 shows the variations in concrete strength with
change in temperature, as outlined in Eurocode 2 [2].
They are divided into siliceous and calcareous concrete

Table 1. Properties of steel and concrete with temperature change [9]

based on their mineral content because the properties of
concrete change depending on their constituent materials.
Using the above curves, the strength change induced by
welding heat can be estimated. It is obvious that a partial
change in concrete strength may influence the behaviour
of an entire column system [6, 7]. This paper investigates
the effect of welding heat on the changes in the structural
behaviour and load-carrying capacity of precast steel com-
posite hollow columns. By comparing the effects of arc
welding and electro-slag welding on concrete strength, we
propose an effective method for preventing the reduction
in concrete strength due to welding heat.

2 Heat transfer analysis

This study investigates the conduction of welding heat in
concrete members based on the results of [8]. Table 1 lists
the material properties of steel and concrete which should
be considered during heat transfer analysis [9].

For heat transfer analysis, steel and concrete are
modelled with 4-node linear elements called DC2D4.
Thermal loads are applied to the tube surfaces as de-
scribed in a previous experimental study [8]. Eq. (1) de-
scribes the standard time-temperature curve [10]:

T=345 . Logy (8¢ + 1) (1)

where T denotes the heating temperature (°C) and ¢ de-
notes time (min).

Steel

Concrete

Temp. Specific heat Thermal conductivity Density

Temp. Specific heat Thermal conductivity Density

°C J/kg - °C J/kg - mm - °C mg/mm’ °C J/kg - °C J/kg - tmm - °C mg/mm’
0.00 449.91 197.97 7.85 0.00 1260.12 8.46 2.35
93.58 484.64 185.89 7.82 93.58 1314.12 6.44 2.33
105.04 488.88 184.41 7.81 105.04 5256.5 6.19 2.33
114.59 492.42 183.18 7.81 114.59 3036.52 5.98 2.32
197.35 523.11 172.51 7.78 197.35 954.09 5.84 2.3
398.55 597.74 146.55 7.7 398.55 983.25 5.51 2.26
700.57 872.51 107.59 7.59 700.57 1207.07 5.00 2.18
750.39 1046.05 101.16 7.57 750.39 1232.11 4.92 2.17
827.59 687.49 91.25 7.54 827.59 1270.92 4.79 2.15
850.03 583.28 92.23 7.53 850.03 1282.22 4.75 2.15
1200.00 674.87 108.18 7.40 1200.00 1458.14 4.17 2.07
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Fig. 3. Results of heat transfer analysis in steel composite hollow column: a) heat transfer analysis, and b) temperature at D/4 of column

These dimensions are used for verifying the analysis
method. Park et al. used the following dimensions for a
steel composite hollow column [8]: diameter of column =
406.4 mm, thicknesses of external and internal tubes = 9
and 7.1 mm respectively, and diameter of hollow core =
150 mm. A heat transfer analysis was performed using the
material properties and dimensions of the aforementioned
steel composite hollow column.

Fig. 3a shows the temperature distributions in our
analysis at 30-60 min intervals. Thermal load is conduct-
ed towards the hollow face from the surface of the exter-
nal tube. Fig. 3b shows a comparison of the temperature
changes at D/4 of the diameter as obtained in the heat
transfer analysis performed in this study. The figures indi-
cate that as time passes, the temperature at D/4 of the col-
umn diameter increases gradually, and the tendency for a
temperature rise obtained through heat transfer analysis is
similar to that obtained experimentally [8]. The compari-
son results show that the analysis method is reasonable
and that it can be used for investigating the conduction of
welding heat through a precast steel composite hollow
column.

3 Changes in concrete strength with type of welding heat

3.1 Welding heat and application
1400 ——— T =T —1

Electric arcs are the most common heat sources driving T
welding heat transfers. The temperature distribution 120010 o 1
around the heat source cannot be changed because of the 1 FID
steady-state transfer. The heat generated by a heat source 1080 ID ]
can be calculated using Eq. (2): 8 0

5 i

- r
HE:E;1x6O @ & F )

aé. 0o

(0] -
where: =
HE calories per unit length (J)

—0— Arc Welding

E arc voltage (V)
I  welding current (A)
S transfer distance per minute (mm/min)

Eq. (2) is used to calculate the heat generated during arc
welding and for comparing various welding methods.
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Time-temperature curves for arc and electro-slag welding
are proposed in [11].

The Time-temperature curves of the two welding
methods have several differences, such as rates of temper-
ature increase and decrease and peak temperatures, as
shown in Fig. 4. The Time-temperature curve obtained by
arc welding fluctuates rapidly. By contrast, in electro-slag
welding the temperature increase and decrease is relative-
ly gradual. The thermal load induced by welding heat is
applied using the Time-temperature curves shown in
Fig. 4. During heat transfer analysis, point loads are ap-
plied to the surfaces of the internal and external tubes.
The dimensions of the precast steel composite hollow col-
umn used for the heat transfer analysis were as follows:
column diameter = 2500 mm, hollow ratio = 0.7, external
tube thickness = 39.5 mm, internal tube thickness
33.18 mm.

Welding is performed simultaneously on the faces of
the inner and outer tubes of the steel composite hollow
column. Fig. 5a shows the temperature distribution during
arc welding, as obtained by heat transfer analysis. The leg-
ends of each part represent the exterior of external tube
(E1), interior of external tube (E2) and concrete

—o— Electro slag welding

15 20 25

Time(min)

Fig. 4. Time-temperature curves for various welding methods




+2.090e+02
+1.916e+02
+1.742e+02
+1,568e+02
+1.393e+02
+1.219e+02
+1.045e+02
+8.708e+01
+6.967e+01
+5.225e+01
+3.483e+01
+1.742e+01
+4.580e-11

a) 1—" £k

TR b)

+5.170e+02

a) I—M B

D. H. Won/W. S. Park/J.-H. Yi/S.-H. Han/T. H. Han - Effect of welding heat on precast steel composite hollow columns

1400 T ¥ T T T ¥ LI LI T L I T
—0o—CO0

1200 ——C12

+2,090e+02 i 1 —— 024
a i 1000 ——C36

%) ——C48
5 800 ——C60

g ] —0—C72
5 600+ ——C84 -

g- : —o—C96
g 400 —o—C108 A

200

L L o e B I s I e S

1200 -
b ' 1000 -
800 -
600

+3.048e-02

400

Temperature("C)

200 ~

b)

40 i

30 4 B

S

S

20 4F

s

Decreasing rate of concrete strength(%)

o

LI I [N A B A R [N BN B o e e e e e e I m p p e

# Electro s'lag welding ] Electro slag welding ]
[ JArc welding [ ]Arc welding 1

S B B g
C12 C24 C36 C48 C60 C72 CB84
) Distance from suface of concrete(mm)

T T
Co6 C108

A

X T T
C24 C36 C48 C60 C72 C84 C96 C108

Decreasing rate of concrete strength(%)

Distance from surface of concrete(mm)

o

Fig. 7. Comparison of rates of decrease in siliceous concrete strength depending on welding method: a) siliceous, and b) calcareous
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(C0-C108) at 12 mm intervals, as shown in Fig. 5a, where-
as Fig. 5b shows the Time-temperature curves for arc weld-
ing. The tube temperature increases massively because
welding heat is applied directly to the tube surface. The
temperature increases to max. 200 °C at 12-48 mm from
the concrete surface.

Next, the changes in concrete strength due to elec-
tro-slag welding heat will be described. An electro-slag
welding thermal load was applied to the surface of the in-
ternal and external tubes of a precast steel composite hol-
low column. The temperature distribution and Time-tem-
perature curves for electro-slag welding are shown in
Fig. 6.

As shown in Fig. 6a, the temperature at 12 mm from
the concrete surface increases to max. 761.95 °C, whereas
the temperature at 60 mm from the surface increases to
max. 245.17 °C. A comparison with the arc welding case
shows that the increase in concrete temperature is consid-
erably greater with electro-slag welding because the latter
takes longer and requires a higher welding temperature
than arc welding. Therefore, it can be said that electro-slag
welding can cause greater damage to concrete than arc
welding because the former method uses a greater amount
of heat energy. As shown in Figs. 5b and 6b, the tempera-
ture distributions of the two welding methods exhibit very
different contours. Whereas the high temperatures due to
arc welding heat are mainly distributed around the weld-
ing heat source, the high temperatures due to electro-slag

1000
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800 1
—~ 700 4
g -+0.5min
g 600 A =1.0min
2 s00 “1.5min
g +2.0min
g 400 o | =2.5min
& 300 A 03,0!11?!1
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100
0 o
cEgell388838888885128982°
Distance from welding point(mm)
1000

900
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700 { &
600 -
500 -
400 A
300
200 4%
100

Temperature(*C)

Fig. 8. Temperature change with distance from welding point for arc welding
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Table 2. Hollow ratio and outer diameter of column of analysis models (mm)

Hollow ratio

Outer diameter of column

DD, t. D, Dy D;/D, ft, t D, Dy

0.6 20 15 2540 1470 0.7 20 15 2340 1580
0.7 20 15 2540 1720 0.7 20 15 2540 1720
0.8 20 15 2540 1970 0.7 20 15 2740 1860
0.9 20 15 2540 2220 0.7 20 15 3040 2070

D;/D,: hollow ratio, t.: external tube thickness, f;: internal tube
thickness, D,: column diameter, D;: hollow section diameter

welding heat are distributed uniformly over the entire sec-
tion of the precast steel composite hollow column.

Fig. 7 shows the rates of decrease in concrete
strength at each location. The rates of strength decrease at
12 mm from the concrete surface are 37.36 and 24.07 %
for siliceous and calcareous concretes respectively. As
shown in Fig. 7, the rates of strength decrease at 12 mm
from the concrete surface are 79.29 and 66.91 % for
siliceous and calcareous concretes respectively because of
the temperature increase due to electro-slag welding heat.
Electro-slag welding induces a more severe strength reduc-
tion than arc welding. This implies that the heat conduc-
tion of siliceous concrete is more efficient than that of cal-
careous concrete. The reduction in concrete strength

1000
D2540
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800 41
__ 700 -
e +0.5min
@ 600 1 =1.0min
= .
® 500 - +1.5min
E’_ +2.0min
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should be prevented because local damage can extend to
global damage.

3.2 Effect of welding heat by diameter and hollow ratio
of steel composite hollow column

A steel composite hollow column can be designed with
various dimensions considering the direction of applied
load and the objective of a particular application. When a
steel composite hollow column has to resist large lateral
loads with a small axial load on the column, a section with
a large diameter and large hollow ratio is essential. By con-
trast, when a large axial load dominates the structural be-
haviour, a section with a large diameter and a small hollow
ratio is required. The effect of welding heat on the changes
in the temperature and strength of steel composite hollow
column with different outer diameters and hollow ratios is
described below.

Table 2 shows the dimensions of analysis models
with the same outer diameter but different hollow ratios,
also different outer diameters with same hollow ratio. The
hollow ratios are 0.6-0.9, and the diameters of the hollow
section are changed depending on the hollow ratio. Fur-
thermore, the outer diameter of the steel composite hol-
low column was increased from 2340 to 3040 mm in steps
of 200 mm, and the diameter of the hollow section was
varied under a fixed hollow ratio of 0.7.

Considering the various geometric properties listed
in Table 2, a heat transfer analysis is conducted for investi-

1000

Hollow ratio 0.6

Temperature('C)

1000

Hollow ratio 0.8

+0.5min
<1.0min

+1.5min
+2.0min
o | *2.5min
1 ©3.0min
k-+3.5min
& —4.0min

Temperature('C)

gating the changes in concrete strength due to welding
heat. The material properties used in this analysis are list-
ed in Table 1, and arc welding and electro-slag welding
methods are considered, as shown in Fig. 4.

3.2.1 Effect of arc welding

Firstly, the effects of arc welding heat on the columns with
diameters of 2340-3047 mm and a hollow ratio of 0.7 are
described. Fig. 8 shows the changes in temperature with
distance from the welding point. All models show similar
temperature distributions. The concrete around the weld-
ing zone shows the highest temperature at 1 min after
welding. The analysis result indicates that the concrete of
all models sustained the greatest damage during 1-1.5 min
after the beginning of arc welding.

Table 3. Temperature and rate of decrease in concrete strength at section
midpoint based on diameter of steel composite hollow column for arc
welding

Rate of decrease in concrete strength for arc welding

Diameter  Temperature (°C) Siliceous Calcareous
D2340 107.08 2% 1%
D2540 90.47 1% 1%
D2740 75.37 1% 1%
D3040 55.70 0 % 0 %
1000

Hollow ratio 0.7

E +0.5min
] &1.0min
7::- +1.5min
§. +2.0min
E .| =2.5min
e +3.0min
~+3.5min
=55 —4.0min
1000
Hollow ratio 0.9
900 4
800 1 &
700 A
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v 600 1 =1.0min
3 +1.5min
E — +2.0min
*2.5min
2 <3.0min
300 4 -+3.5min
oy ===22 ~4.0min
100 +
0 T N R o]

0 10 20 30 40 50 60 55 45 35 25 15 §
Distance from welding point(mm)

Fig. 9. Temperature change with distance from welding point (hollow ratio 0.6-0.9) for arc welding
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The temperature distribution in a steel composite
hollow section has a different outer diameter. The temper-
ature at the midpoint of the concrete decreases as the col-
umn diameter increases, as can be inferred from Table 3.
In this case the midpoint of the concrete of a column with
a larger diameter shows relatively less damage. As can be
deduced from the table, the rate of decrease in concrete
strength is within 2 % for all models considered.

The following paragraphs describe the effect of arc
welding heat on columns with the same diameter but dif-
ferent hollow ratios of 0.6-0.9. Fig. 9 shows the change in
the temperature based on the distance from the welding
point. The concrete temperature due to arc welding is
highest at 35 mm from the concrete surface. Fig. 9 shows
the change in temperature distribution as the hollow ratio
increases. The average concrete temperature rises as the
concrete thickness decreases. Whereas steel composite
hollow columns with hollow ratios of 0.6-0.7 exhibit a
high temperature distribution around the welding zone,
the steel composite hollow column with a hollow ratio of
0.9 has the high temperature distribution over the entire
section.

Table 4 lists the highest temperature and rate of de-
crease in concrete strength at the midpoint of a steel com-
posite hollow column. In the case of the model with the
hollow ratio of 0.9, the temperature at the section mid-
point reaches 389.57 °C, and the strength decrease rates of
siliceous and calcareous concrete strength are 23 and
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Table 4. Temperature and rate of decrease in concrete strength at section
midpoint based on hollow ratio of steel composite hollow column for arc
welding

Rate of decrease in concrete strength for arc welding

Hollow ratio Temperature (°C)  Siliceous  Calcareous
0.6 38.99 0 % 0%

0.7 90.47 1% 1%

0.8 171.87 4% 3%

0.9 389.57 23 % 14 %

14 % respectively. Thus, when a steel composite hollow
column with a hollow ratio of 0.9 is constructed using
welding, the effect of arc welding heat on the column
should be investigated.

3.2.2 Effect of electro-slag welding

The effect of electro-slag welding heat was investigated
based on changes in the diameter and hollow ratio of a
steel composite hollow column. The material properties
listed in Table 1 apply to all models, and the dimensions
are subjected to the conditions listed in Table 2. Fig. 10
shows the changes in temperature with distance from the
welding point. The temperature at the midpoint of the
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Fig. 10. Temperature change with distance from welding point for electro-slag welding
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Table 5. Temperature and rate of decrease in concrete strength at section
midpoint based on diameter of steel composite hollow column for electro-
slag welding

Table 6. Temperature and rate of decrease in concrete strength at section
midpoint based on hollow ratio of steel composite hollow column for elec-
tro-slag welding

Rate of decrease in concrete strength for electro-slag welding

Rate of decrease in concrete strength for electro-slag welding

Diameter =~ Temperature (°C) siliceous Calcareous Hollow ratio Temperature (°C) Siliceous  Calcareous
D2340 646.22 63 % 48 % 0.6 451.13 32 % 20 %
D2540 603.61 57 % 41 % 0.7 603.61 57 % 41 %
D2740 564.26 50 % 35 % 0.8 823.53 85 % 76 %
D3040 510.82 41 % 27 % 0.9 1111.72 99 % 98 %

steel composite hollow column is < 200 °C, and the tem-
perature around the welding zone is > 400 °C at welding
times of 3-5 min. By contrast, the temperature at welding
times of 10-25 min is > 500 °C. The temperature at weld-
ing times of 15-25 min is constant regardless of the dis-
tance from the welding zone. The entire temperature dis-
tribution is considerably elevated compared with that for
arc welding because electro-slag welding requires longer
welding times and results in higher temperatures.

The midpoint temperature decreases with an in-
crease in the tube diameter because the distance from the
welding zone increases. The temperature at the midpoint
of D2340 is 646.22 °C, and is higher than that of D3040,
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which is 510.82°C. The strength decrease rates of
siliceous and calcareous concretes are 63 and 48 % re-
spectively for the D2340 column. All models have high
temperatures and high concrete strength decrease rates.
For preparing precast steel composite hollow
columns according to Table 2 using the electro-slag weld-
ing method, hollow ratios are changed from 0.6 to 0.9 in
steps of 0.1. Fig. 11 shows the changes in temperature
based on the distance from the welding point. The con-
crete temperature for electro-slag welding shows high
change values for 10-25 min. The temperature for the hol-
low ratio of 0.9 is constant irrespective of the distance
from the welding zone for all welding times. The tempera-
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Fig. 11. Temperature change with distance from welding point (hollow ratio 0.6-0.9) for electro-slag welding
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Fig. 12. Ceramic fibre reinforcement

ture is 1100°C at 10 min. In this case the concrete
strength is approximately zero.

As can be inferred from Table 6, the strength de-
crease ratios of siliceous and calcareous concretes for a
hollow ratio of 0.9 are 99 and 98 % respectively. This con-
nection for precast steel composite hollow columns can
fail because of damage to the concrete. The solution is to
prevent the conduction of welding heat.
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Table 7. Dimensions and material properties of ceramic fibres

Property Value
Continuous service temperature (°C) 1050
Maximum service temperature (°C) 1260
Melting temperature (°C) 1760
Density (kg/m?3) 600
Conductivity (W/m°C) 0.17
Width (mm) 10-150
Thickness (mm) 0.8-10
Length (m) 30/50/100

4  Preventing welding heat conduction

Conduction of welding heat can be blocked or delayed to
prevent a drop in concrete strength. Grass or ceramic fi-
bres are very widely used insulators in various construc-
tion fields and machines. Glass and ceramic fibres are
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Fig. 13. Temperature distribution with inserted ceramic fibres
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Fig. 14. Temperature distribution after insertion of ceramic fibres
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Fig. 15. Temperature before and after adding ceramic reinforcement: a) arc welding, and b) electro-slag welding

very thin and have low density and conductivity values.
Inserting ceramic fibres into the space between the con-
crete and the tubes reduces the conduction of welding
heat. Furthermore, the fibres can be partially inserted in
the welding zone without having to insert them over the
entire area.

When ceramic fibres are inserted into the space be-
tween the concrete and the tubes, as shown in Fig. 12, the
resulting decrease in heat conduction can be measured
through a heat transfer analysis. Table 7 lists the dimen-
sions and material properties of ceramic fibres. These
properties were used in the heat transfer analysis. Fig. 13
shows the temperature distribution of a column contain-
ing ceramic fibres. The concrete temperature decreases
rapidly because the inserted ceramic fibres delay the con-
duction of welding heat.

Fig. 13 shows the variations in temperature at each
location. A temperature of 135.207 °C on the concrete sur-
face after the insertion of ceramic fibres means that the
strength decrease rate of the concrete is 2 %. This means
that concrete strength barely decreases due to arc welding
heat after the insertion of ceramic fibres.

Next, the performance of ceramic fibres is investigat-
ed for electro-slag welding. The dimensions and material
properties of the ceramic fibres are listed in Table 11.

Fig. 14 shows the temperature distribution for elec-
tro-slag welding when ceramic fibres are inserted into the
space between the external tube and the concrete. A tem-
perature of 225.61 °C on the concrete surface after the in-
sertion of ceramic fibres means that the strength decrease
rate of the concrete is 10 %.

As shown in Fig. 15, the strength decrease rates for
concrete drop rapidly depending on the welding method
employed. If the thickness of the ceramic fibres is in-
creased, any decrease in concrete strength due to welding
can be reduced.

5 Summary and conclusions
This study investigated the effect of the heat generated

during the welding of the connections of precast steel
composite hollow columns. Two welding methods were

studied: arc welding and electro-slag welding. The results
of heat transfer analysis led us to draw the following con-
clusions:

When arc welding was performed on the column, the
concrete temperature increased considerably because the
welding heat is applied directly to the surface of the tube.
The rates of decrease in concrete strength are 37.36 and
24.07 % at 12 mm from the concrete surface for siliceous
and calcareous concrete respectively, which affected the
adjacent 60 mm. In electro-slag welding, the temperature
reached 761.95 °C at 12 mm from the concrete surface.
When electro-slag welding was performed, the strength of
the concrete decreased by more than that of arc welding.
Reinforcement in the form of ceramic fibres inserted in
the space between tube and concrete can prevent any de-
crease in the concrete strength. The temperature of the
concrete increased slowly because ceramic fibres delay
the conduction of welding heat. If the thickness of the ce-
ramic fibres is increased, the decrease in concrete strength
due to welding can be reduced.
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