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ABSTRACT : In a super-tall building construction, thick and large-sized embed plates are usually used to connect mega

structural steel members to RC core wall or columns by welding a gusset plate on the face of the embed plate with T-shape.

A large amount of heat input accumulated by weld passes causes the plates to expand or deform. In addition, the temperature

of concrete around the plates also could be increased. Consequently, cracks and spalls occur on the concrete surface. In this

study, the effect of weld heat on embed plates and 80MPa high strength concrete is investigated by considering weld position

(2G and 3G position), edge distance, concrete curing time, etc. Measured temperature of the embed plates was compared with

the transient thermal analysis results. Finally, push-out tests were performed to verify and compare the shear studs capacity
of the embed plate with design requirement. Test result shows that the shear capacity of the plate is reduced by 14%-19%
due to the weld heat effect and increased as the concrete curing time is longer.

KEYWORDS : embed plate, welding heat input, transient thermal analysis, high strength concrete
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Table 1. Steel tensile tests (KS B 0801)
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Table 2. Compressive strength tests fo concrete

T Vield Ultimate Yield |Elongation
ype stress stress Ratio (%)
(MPa) | (MPa) 7
18mm 376 538 0.70 26
Plate
40mm 353 511 0.70 28
Stud | ¢19mm 312 470 0.66 29
Bar D13 534 640 0.83 26
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(c) Embed plate with stud embedded in a concrete block

Fig. 1 Specimens

Fig. 2 Specimens before placing concrete and weld heat
measurement
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Table 3. Field welding condition (2G position)

Edge Distance 140mm 10mm 20mm
Welding Time after

Placing Con'c 3 Day 10 Day 16 Day 10 Day 16 Day

Voltage (V) 24.5 23.5 24.0 28.5 31.5

Current (A) 185 165 160 200 200
Welding Passes (n) 12(Left 6, Right 6) | Left and Right 6 | Left and Right 6 12 12

Welding speed(cm/min)

35~37 (ave.36)

25~48 (ave.34)

30~38 (ave.34) 37~52 (ave.43) 32~75 (ave.46)

The time of cleaning

Slag or Movement (sec) ave. 17.0 ave. 17.8 ave. 15.1 ave. 8.1 ave. 6.6
Heat Input(J/mm) ave. 762.8 ave. 687.5 ave. 678.1 ave. 793.8 ave. 820.5
50 z 3 day:
weiding il Waldirg AT =301

Temperature (°C)

i oo

(a) Edge distance: 140mm
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(b) Edge distance: 10mm and 20mm

Fig. 4 Measured temperature-time relations
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(b) Edge distance: 10mm and 20mm

Fig. b Concrete crack pattern and carbonation after welding

= Analysis Condition

(a) Edge distance: 140mm  (b) Edge distance : 10mm, 20nm
Fig. 6 Analysis models
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Fig. 8 Analytical results in the concrete block and the embed plate (concrete age : 10 Day)
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Fig. 9 Concrete mechanical characteristics at high temperature
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Fig. 11 Reinforcement and stud detail of specimens

Table 4. Field weld conditions (3F position)

| M25@ 55(5d 1263) 20134 10

Welding time
after placing 3 Day 10 Day 16 Day
con’c
Voltage (V) 22.5 23.5 24
Current (A) 150 165 162
Welding passes 12 12 12
(n) (Left 6, Right 6)| (Left 6, Right 6)| (Left 6, Right 6)
Welding speed 15~24 12~20 16~22
(cm/min) (ave.18) (ave.16) (ave. 19)
Time of cleaning
slag or ave. 27.6 ave. 35.8 ave. 26.1
movement (sec)
Heat input |00 11335 | ave. 1425.2 | ave. 1242.3
(J/mm)
0 :
T ll!ﬂ'lf-!fqﬂlh
00 b, I w - % i
g T‘. ’ Bl i P
% 150 o - .,.
g w ¥ g
|q_.~ - . 4 _,_,.--'F-‘- 2 20enm from EF
ailf L 2
B
o
] ¥ 800 800 200 1500
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Fig. 12 Temperature distribution during welding process
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Table 5. Comparison on the results from the Test

Welding Time after
Placing Con’c 0 Day | 3 Day | 10 Day | 16 Day
Stiffness (kN/mm) 1107.1 | 1029.3 | 1053.2 | 1056.8
Ratio of the stiffness 1.0 0.93 0.95 0.95
Maximum load (kN) | 3141.5 | 2566.9 | 2594.7 | 2697.0
Ratio of tlhe maximum 10 0.81 0.83 0.86
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Table 6. Comparisons between test and analysis values

Welding time aer | 0.Day | 3 Day | 10 Day | 16 Day

Experimental value | 3141.5 | 2566.9 | 2594.7 | 2697.0
Analysis value 2398.7 2266.3

Difference 131 | 113 | 114 | 119
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