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ABSTRACT : A T-stub connection with high-strength bolts under tensile force is affected by prying action force and the contact

force, among others, between members. If a design equation that does not consider such prying action force and contact force

between members is not proposed, the T-stub under tensile force is liable to be fractured under the strength lower than the

estimated design strength. To prevent it, many studies have proposed contact force estimation equations between members as

well as the prying action force of the T-stub connection with high-strength bolts. However, no design equations based on such

research have been proposed in South Korea. Therefore, this study aims to propose an estimation model for more accurate

prying action force and contact force, and improve on previously proposed estimation models by implementing the

three-dimensional, nonlinear finite element analysis. Throughout the results of three-dimensional, nonlinear finite element

analysis, the prediction model proposed in this resarch for the prying action force and contact force of a T-stub provided much

more accurate estimation than that of a existing prediction model previously suggested.
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Fig. 1 Three failure modes of a t-stub
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Fig. 2 Geometric shape of the t-stub connection



Table 1. Geometric shape and analysis model of the T-stub

connection
(unit : mm)
An;?g;eilcal by |t | G | 9| | oa b a
G260-T15-B350( 350 | 15 | 15 | 260 | 22 | 45 |122.5|7.58
G310-T15-B400{ 400 | 15 | 15 |310| 22 | 45 |147.5|8.14
G260-T19-B350( 350 | 12 | 19 |260 | 20 | 45 | 124 |4.59
G310-T19-B400{ 400 | 12 | 19 |310| 20 | 45 | 149 |4.96
G260-T21-B350( 350 | 13 | 21 |260 | 22 | 45 |123.5|3.67
G310-T21-B400| 400 | 13 | 21 |310| 22 | 45 |148.5|3.98
G210-T26-B300{ 300 | 14 | 26 |210| 28 | 45 | 98 |1.95
G160-T26-B250({ 250 | 14 | 26 | 160 | 28 | 45 | 73 |1.52
G210-T28-B300{ 300 | 16 | 28 |210| 28 | 45 | 97 |1.60
G160-T28-B250( 250 | 16 | 28 | 160 | 28 | 45 | 72 |1.21
G140-T28-B230({ 230 | 18 | 28 |140| 22 | 45 | 61 |0.98
G140-T35-B230( 230 | 20 | 35 |140| 22 | 45 | 60 |0.37
G110-T28-B200| 200 | 18 | 28 | 110| 22 | 45 | 46 [0.58
G110-T35-B200( 200 | 20 | 35 | 110| 22 | 45 | 45 |0.07
G260 - T15 - B350

—T-stub flange width (mm)

T-stub flange thickness (mm)
T-stub high-strength gauge distance (mm)

Table 2. Material property of the T-stub connection
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Fig. 3 Stress - strain curve of the T-stub connection
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Fig. 4 Finite element analysis model of the connection
with high-strength bolts

Table 3. ABAQUS option for finite element analysis

Contact surface Command Option
Washer contact - tie
surface D
T-stub - T-stub ‘ allow | adjust
finite |separati only
T-stub - sliding |on after to
High-strength bolt contact contact | .omooe
. over
Nut = Highe strength small sliding | closure
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Fig. 8 Working load vs. axial load curve on the

high-strength bolt of the T-stub connection (Type IIl)

Table 4. Average increase ratio of the axial load on high strength bolt
(3.67<a’ <8.14)

Increase ratio of the axial load on
high strength bolt (%)
G260-T15-B350 142
G260-T15-B350 135
G260-T19-B350 150
G310-T19-B400 168
G260-T21-B350 142
G310-T21-B400 168
Avg. Increase Ratio 151

Table b. Average increase ratio of the axial load on high strength bolt
(121 <a’ <1.95)

Increase ratio of the axial load on
high strength bolt (%)
G210-T26-B300 89
G160-T26-B250 54
G210-T28-B300 78
G160-T28-B250 43
Avg. Increase Ratio 66

Table 6 Average increase ratio of the axial load on high strength bolt
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Table 7. Stress distribution angle resulting from the T-stub connection
analysis result (3.67 <a’ <8.14)

(0.07 <a’ <0.98) angle (*)

Increase ratio of the axial load on G260-T15-B350 9

high strength bolt (%) (G260-T15-B400 10

G140-T28-B230 30 G260-T19-B350 7
G140-T35-B230 9 G310-T19-B400 10
G110-T28-B200 11 G260-T21-B350 8
G110-T35-B200 4 G310-T21-B400 9

Avg. Increase Ratio 14 Avg. Angle
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Table 8. Stress distribution angle resulting from the T-stub connection
analysis result (1.21 <a’ < 1.95)

angle (°)
(G210-T26-B300 3
G160-T26-B250 2
G210-T28-B300 3
G160-T28-B250 3
Avg. Angle 3

Table 9. Stress distribution angle resulting from the T-stub connection
analysis result (0.07 <a’ <0.98)

angle (*)
G140-T28-B230 1
G140-T35-B230 1
G110-T28-B200 1
G110-T35-B200 2
Avg. Angle 1
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Table 10. Comparison of the analysis result by Hantouche
and the analysis model (With continuity plates)

(b) Without continuity plates

Fig. 18 Comparison of the reinterpretation result by
Hantouche

Analytical t_f m ( %) %) Differences
model g, ( %)Ya"g (‘ZZ’;M"“ (%)
W24xT76 | 0.67 39.26 11.87 27.39
W30x108 | 0.6 32.44 31.32 1.12
W36x150 | 0.72 25.38 22.09 3.29

Table 11. Comparison of the analysis result by Hantouche
and the analysis model (Without continuity plates)

Analytical t_f m (%) ( %) Differences
model g, ( %)Y‘"Lg (f%“’“‘h‘f (%)
W24x76 | 0.67 39.26 19.85 19.41
W30x108 | 0.6 32.44 40.70 8.26
W36x150 | 0.72 25.38 39.63 14.25
27xsts =27 MsH 455 1253) 20139 82 417
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