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Abstract - High tension bolts are generally used when joining parts of a steel structure. However, there are some difficulties when
managing a clamping force, which is an instrument used for fastening. Recently a T/S(torque shear type) bolt has been developed
for easier quality control. Like H/S bolts, T/S bolts are similar and used widely across the country. Despite their similarity, very
little research has been conducted on the clamping force of T/S bolts by temperature. The main parameter of the study is T/S bolt
sizes (M16, M20, M22, M24), experience temperatures (0°C, 20°C, 60°C) and seasons (winter, spring, summer, fall). Also, T/S
bolts lengths ranging from 40 mm to 180 mm were selected for the study. The experimental result displayed that the mechanical
properties on the sets of T/S bolts KS B 2819 code. Furthermore, it has shown how the clamping force and standard deviation of
T/S bolts by temperature satisfy KS specifications. However, The clamping force of T/S bolt decreased when the temperature

was low.
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Table 1. Clamping force for the T/S bolts set according to the
temperature dependence

Clamping force Standard deviation
T/S bolt (kN) clamping force (kN)
size | e, 60°C 20°C 20°C
AVE. AVE. SD.
M16 106-139 110-133 8.5 or less
M20 165-217 172-207 13.0 or less
M22 205-268 212-256 16.0 or less
M24 238-312 247-298 19.0 or less
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(a) Test steel structure
setting

(b) Test bolts inside
steel structures

(c) Temperature and test
bolts conditions check

(d) Setting the clamping
force meter (TMC 400)

(f) Clamping force test

(e) Bolt fastening

Fig. 1. Procedures of clamping force of T/S bolt set
according to the season
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(a) Measurement of
bolt length before test

(d) Fastening up to
900 degrees

(c) Measurement of
remaining length

(e) Measurement of

bolt length after test (f) Torque test

Fig. 2. Procedures of clamping force
to nut rotation relation test

Table 2. Torque in T/S bolt 1st fastening

T/S. Ml6 M20, M22 M24
bolt size
1st fastening
100 kN-mm | 150 kN-mm | 200 kN-mm
torque
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Table 3. Tensile test results of T/S bolt set

Specimen Tensile load (kN) KS standard
x40 167 166 172

M16 %80 174 173 174 157 or more
x120 174 175 174
x45 263 262 265

M20 x90 265 262 263 245 or more
%140 272 273 274
x50 327 325 325

M22 | x105 333 333 333 303 or more
x160 | 335 335 336
x55 383 381 385

M24 | x120 | 386 388 389 353 or more
x180 | 392 392 390

(d) M24x120
Fig. 3. Fracture condition of T/S bolt set specimens
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Table 4. Clamping force of T/S bolt set according to the tem- g
perature dependence g _
f’b 210
Clamping force (kN) é 201.0
Specimen | goc | o°C | 20°C | 20°C | 60°C | 60°C S 180 188.7
AVE.| SD. |AVE.| SD. | AVE.| SD. s
x40 | 114 | 65 | 124 | 41 | 123 | 1.6 50
MIl6 | x80 | 111 | 3.7 | 123 | 42 | 127 | 5.8 20 0 ﬁfmpemm (;‘CO) 60 80
x120 | 109 | 1.8 | 122 | 45 | 136 | 2.6 (b) M20x45 (90, 140)
x45 [ 173 | 1.8 | 190 | 6.4 | 198 | 9.7 20
M20 | x90 | 174 | 83 | 187 | 5.0 | 205 | 7.1 —— KS standard
<140 | 173 | 40 | 189 | 62 | 200 | 11.4 ™ T Avemee
x50 | 216 | 43 | 237 | 63 | 242 | 144 %«260 —1 —
M22 | x105 | 219 | 85 | 237 | 56 | 246 | 11.4 g 257
x160 | 215 | 7.9 | 235 | 63 | 249 | 11.1 '3230 2363
x55 | 245 | 5.0 | 272 | 10.9 | 289 | 139 5200 | 2167 —— -
M24 | x120 | 248 | 53 | 275 | 7.8 | 287 | 9.6
<180 | 246 | 29 | 273 | 64 | 280 | 12.3 170
-20 0 20 40 60 80
Temperature (°C)
(c) M22x50 (105, 160)
320
290
,E\ 285.3
Z 260
g
g 230
S
= - . 200 —— KS standard
(g) M22x105 (0°C) (h) M22x105 (20°C) (i) M22x105 (60°C) “5 Average
0 20 40 60 80
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-20

() M24x120 (0°C) (k) M24x120 (20°C) (1) M24x120 (60°C)

Fig. 4. Fracture condition after clamping force test
according to the temperature dependence
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Temperature (°C)
(d) M24x55 (120, 180)

Fig. 5. Clamping force of T/S bolts according to
the temperature dependence
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Fig. 6. Clamping force standard deviation of T/S bolts
according to the temperature dependence
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Table 5. Clamping force of T/S bolt set according to the season

Clamping force (kN)

g mE Feb. | Feb. |May. |May.| Aug. | Aug. | Nov. | Nov.
AVE.| SD. (AVE.| SD. |AVE.| SD. |AVE.| SD.

x40 121.0| 4.13 |121.5| 3.38 {128.2| 3.90 |121.2| 3.67

M16 | x80 |117.9]3.91 |123.8| 5.57 |126.9| 4.18 |123.1| 5.10

x120|118.7| 4.08 |124.7| 4.87 |129.9| 3.32 |120.0| 4.69

x45 1185.4| 3.82 [194.1| 4.04 |200.4| 5.72 |193.7| 4.77

M20 | x90 |189.7| 6.43 |194.1| 3.51 |196.1| 5.10 |192.1| 3.72

%140 189.6| 5.87 |196.1] 5.67 |196.3| 4.60 |195.3| 4.80

x50 [232.7| 3.92 |241.1| 6.05 {249.9| 5.97 |239.0| 3.95

M22 | x105|234.6| 6.64 |239.6| 4.66 |246.2| 5.89 |239.0| 3.62

x160|222.9| 4.52 |246.2| 3.12 |247.9| 7.09 |237.1| 6.37

x55 1277.0| 5.04 |284.5| 4.65 |281.3| 6.56 [274.0| 7.04

M24 | x120|272.5| 6.77 |278.4| 6.29 |287.8| 9.00 |275.9| 5.98

x1801270.6| 8.06 |281.8| 6.83 |286.4| 8.00 |279.5| 8.05

Outside air

-2°C 19°C
temperature

33°C 6°C
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Table 6. Clamping force—rotation angle test results

Clamping force (kN) Elongation (mm)

Specimen
CASE1|CASE2| Ave. [CASE1|CASE2| Ave.

M16x%80 162 167 | 165 529 | 5.18 |5.24
M20%90 246 252 1249 | 6.09 | 6.09 |6.09
M22x105 316 326 | 321 7.30 | 7.59 |7.45
M24x120 377 363 | 370 | 7.81 7.76 |7.79

(d) M24x120

Fig. 8. Fracture condition after clamping force—nut rotation test
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