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ABSTRACT

This study defined abnormal behaviors such as bending deformations or buckling behaviors occurred in high strength steel pipe strut
system, and carried out a full-scale bending test for different connection types. A parametric study was carried out to gain an insight
about structural performances considering abnormal behavior effects in high strength steel pipe strut system. Five abnormal behaviors
were considered as undesirable deflections of strut structures, which are basic load combination, excessive excavation situations,
impact loading effects, additional overburden loads, load combinations, and strut lengths. Subsequent simulation results present
various influences of parameters on structural performances of the strut system. Based on the results, we propose methods to prevent
unusual behaviors of pipe-type strut structures made of high strength steels.
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Table 1. Mechanical Properties of STKT590 Pipes for the Experiment
Elongation (%) Planar ratio Tensile st hat
Mechanical Prope Tensile Strenth Yield Strength 11™ specimen 5™ specimen er\l;;lzisnreni &
perty (MPa) (MPa) 12" specimen P H &p
. - (MPa)
Vertical Horizontal
Electri i
Welding method Electric resistance welding, Arc welding ect::/(;lrdei:;tance Arc welding
Outer diameter Outer diameter > 40 mm Outer diameter > 350 mm
SHT460 590~740 > 460 > 20 > 16 3/4D 590~740
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Fig. 2. Bending Experiments of Steel Pipes
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Fig. 3. Failure Behaviors at Connecting Parts
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Table 2. Comparison of Average P-A Values in All Tests (D406.4x7t)
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Table 3. Assumptions for Abnormal Behaviors Occurred at High-Strength Steel Strut Structures

Case Load combination

Comment

I .
+ Hydraulic pressure

Basic load combination: Dead load + Live load + Temperature effect (12 °C) + Soil pressure

Final excavation stage
(Depth =23.06 m)

11 Basic load combination + Excessive excavation (|| -1, [ -2, [ -3) Before 6th strut setting

11 Basic load combination + Impact load (Il -1, IIl -2, [Il-3) Impact load toward out-of-plane
v Basic load combination + Additional overburden load (IV-1, V-2) -

\% Basic load combination + strut length (V -1, V-2, V-3, V-4, V -5) -

Pipe with connection part(500mm,700mm)

—

Beam modeling of connection parts

Fig. 5. Beam Model for Separated Struts
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Table 4. Result of Tension Tests for STKT590
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2 485 595 34
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Fig. 6. Bilinear Isotropic Hardening of Separated Struts
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(b) Real Bending Tests

Fig. 7. Model Calibration for Calculating the Equivalent Spring Stiffness
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Table 5. Results for Cases | and Il

. Continuous Strut Separated Strut
Case Displacements and Stresses - -
Min Max Min Max
) X-direction -27.237 27.271 -44.097 44.090
Displacement Y-direction -2.486 3.368 3413 5314
I (mm) Z-direction -0.520 0.520 -0.797 2.801
Compressive stress (MPa) -147.880 0.090 -104.330 1.984
Bending stress (MPa) -17.038 17.038 -32.520 32.520
) X-direction -57.672 57.712 -68.694 68.605
Displacement Y-direction 4294 8.407 4705 15.328
11-1 (mm) Z-direction -0.002 0.002 -0.002 0.002
Compressive stress (MPa) -205.57 2.9298 -124.54 7.1114
Bending stress (MPa) -17.738 17.738 -33.994 33.994
) X-direction -59.063 59.103 -79.087 78.784
Displacement Y-direction -4.4256 8.5912 -5.3652 18213
11-2 (mm) Z-direction -0.002 0.002 -0.002 0.002
Compressive stress (MPa) -208.300 3.020 -128.900 8.3918
Bending stress (MPa) -17.950 17.950 -34.441 34.441
. X-direction -60.300 60.341 -80.519 80.184
Displacement Y-direction -4.545 8.753 -5.494 18.597
I-3 (mmm) Z-direction -0.002 0.002 -0.002 0.002
Compressive stress (MPa) -210.680 3.098 -129.56 8.564
Bending stress (MPa) -18.127 18.127 -34.820 34.820
. X-direction -61.300 61.341 -81.693 81.315
Displacement Y-direction -4.644 8.882 -5.599 18.904
11-4 (mm) Z-direction -0.002 0.002 -0.002 0.002
Compressive stress (MPa) -212.550 3.159 -130.070 8.699
Bending stress (MPa) -18.279 18.279 -35.144 35.144
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Fig. 11. Deformations of Over-Excavation Combination (Case I -1)

J: No Seperation Overload1 20100530
Direct Sress —
Type: Diect Stres H H
Unit B

Time: 1

29208 Max
ag771 -
o047
2247
16287
20557 min

(@) Compressive (Continuous Strut) (b) Compressive (Separated Strut)

Fig. 12. Stresses of Over-Excavation Combination (Case II-1)
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Fig. 13. Deformations of Impact Load Combination (Caselll-1)
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Fig. 14. Stresses of Impact Load Combination (Caselll-3)

. Continuous Strut Separated Strut
Case Displacements and Stresses - -
Min Max Min Max
. X-direction -3.422 3.366 -8.937 9.066
Displacement Y-direction -0.752 3.087 2.068 7.790
III-1 (fmm) Z-direction -83.750 0.001 -276.260 0.001
Compressive stress (MPa) -135.680 2.495 -42.595 0.000
Bending stress (MPa) -97.661 97.661 -147.380 147.380
. X-direction -3.722 3.678 -10.580 10.626
D'Slzﬁfz;“e"t Y-direction 1119 3341 3484 9.050
-2 Z-direction -125.330 0.001 -395.170 0.001
Compressive stress (MPa) -146.980 0.001 -53.162 53.416
Bending stress (MPa) -146.290 146.290 -218.240 218.240
. X-direction -4.138 4112 -12.744 12.669
Displacement Y-direction -1.627 3.693 5573 10.726
-3 (mm) Z-direction -166.560 0.001 -504.050 0.001
Compressive stress (MPa) -146.440 0.001 -52.118 60.801
Bending stress (MPa) -194.670 194.670 -293.050 293.050
Table 7. Results for Case IV
. Continuous Strut Separated Strut
Case Displacements and Stresses - -
Min Max Min Max
. X-direction -27.912 27.946 -45.904 45.906
Displacement Y-direction -2.546 3437 3528 5433
V-1 (omim) Z-direction -0.002 0.002 -0.002 0.002
Compressive stress (MPa) -151.880 0.075 -104.930 2.082
Bending stress (MPa) -28.587 28.621 -47.791 47.805
. X-direction -2.606 3.505 -3.679 5.503
Displacement Y-direction -0.002 0.002 -0.002 0.002
V- (onm) Z-direction -155.880 0.061 -105.480 2.161
Compressive stress (MPa) -146.980 0.001 -53.162 53.416
Bending stress (MPa) -146.290 146.290 -218.240 218.240
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