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Verification on the Axial and Flexural Plastic Resistance Analysis of Unconfined
Corrugate Steel Sheet and Concrete Composite Section

Hongseob Oh"

Abstract: For the composite section of corrugated steel sheet and concrete, which is often used in soil structures, a conservative design method based
on the ultimate strength state is still applied due to the difficulty of the analysis of compatibility condition. In this study, plastic analysis was performed
on the flexural and axial strength of the composite section using two limit state design methods, LRFD and LSD. As a result of the analysis of the
experimental results, the LRFD analysis value was interpreted as a conservative results for compressive strength, and it was analyzed that the effect
of the concrete compressive strength was greater than the steel ratio of the steel plate. The flexural strength was analyzed to be in good agreement
with the experimental results by the LSD analysis. From the parametric analysis on the design variables, the hogging moment, which is affected by
the tensile strength of the steel plate, slightly decreased the increasing rate of the strength due to the influence of the bolts connection, but the sagging
moment linearly increased according to the increment of steel reinforcement ratio.
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Table 1 Sectional properties of deep corrugated steel plate

. Section | Moment of
. Thickness Area .
Pitchxdepth (mm) (mm®/mm) modulus Inertia
(mm*mm) | (mm*mm)
7.75 10.040 319.51 23,604
140%380
8.00 10.365 329.41 24,376
6.00 7.811 266.63 20,797
150400 7.00 9.116 309.60 24,303
8.00 10.423 352.18 27,823
Table 2 Mechanical properties of plate
Yield strength | Ultimate Elongation (%)
Steel type
(MPa) strength (MPa) | t<5 |35<t<16
ASTM
A1018 Gr 40 265 380 19 15
SS590 450 590 15 11

Thin steel cast

B iy g P

. %_ﬂl Reinforced _cu;Erete

Corrugate steel plate

Fig. 2 Sectional definition of corrugated steel plate
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Fig. 4 Plastic stress distributions for composite section with concrete slab and corrugate steel plate with shear connection
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Table 3 Experimental variables in references

Axial loaded and flexural | Pitch depth of Plate Rebar Fek Fastner | Spacing of fastner (mm) | Shear connector
specimen plate t fu d No. | D el pl Spacing| Type
A-G7-3-3 | (N)FA-G7-3-3 | 400x150 7 | 380 | 32 | 400 | 30 3 20 280 100 IH | Ltype
A-G8-3-3 | (N)FA-G8-3-3 400x150 8 380 | 32 | 400 | 30 3 20 280 100 1H L type
A-S6-3 (N)FA-S6-3 400x150 6 400 | 32 | 400 | 30 4 22 290 59 1H L type
A-S6-4 (N)FA-S6-4 400x150 6 400 | 32 | 400 | 40 4 22 290 59 1H L type
A-G7-3 (N)FA-G7-3 400x150 7 | 380 | 32 | 400 | 30 4 22 290 59 IH | Ltype
A-G7-4 (N)FA-G7-4 400x150 7 | 380 | 32 | 400 | 40 4 22 290 59 IH | Ltype
A-S8-3 400x150 8 | 400 | 32 | 400 | 30 4 22 290 59 IH | Ltype
A-S8-4 400x150 8 | 400 | 32 | 400 | 40 4 22 290 59 IH | Ltype
A-G8-3 FA-G8-3 400x150 8 | 380 | 32 | 400 | 30 4 22 290 59 IH | Ltype
A-G8-4 FA-G8-4 400x150 8 | 380 | 32 | 400 | 40 4 22 290 59 IH | Ltype
B-G41L (N)MG41L 381x140 8 | 380 | 32 | 500 | 45 4 22 290 59 IH | Ltype
B-S32L (N)MS32L 381x140 | 7.75 | 590 | 32 | 500 | 45 3 22 290 94 2H | Ltype
B-S32U 381x140 | 7.75 | 590 | 32 | 500 | 45 3 22 290 94 2H | Utype
B-S41L (N)MS41L 381x140 7.75 | 590 | 32 500 | 45 4 22 290 59 1H L type
B-S41U MS41U 381x140 7.75 | 590 | 32 500 | 45 4 22 290 59 1H U type
B-S42U (N)MS42L 381x140 7.75 | 590 | 32 500 | 45 4 22 290 59 2H U type
CR-32-N FR-32-N 381x140 | 7.75 | 590 | 32 | 500 | 45 4 22 290 59 IH | Utype
CR-32-F35 FR-32-F35 381x140 | 7.75 | 590 | 32 | 500 | 45 4 22 290 59 IH | Utype
CT-32-N FT-32-N 381x140 | 7.75 | 590 | 32 | 500 | 45 4 22 290 59 IH | Triangle
CT-32-F35 FT-32-F35 381x140 | 7.75 | 590 | 32 | 500 | 45 4 22 290 59 IH | Triangle
CT-29-N FT-29-N 381x140 | 7.75 | 590 | 29 | 500 | 45 4 22 290 59 IH | Triangle
CT-29-F35 FT-29-F35 381x140 | 7.75 | 590 | 29 | 500 | 45 4 22 290 59 IH | Triangle
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Table 4 Comparison of test and analytical results of axial loaded specimens

LRED (kN) LSD (kN)
EXP (kN)
Full Core 50% Core S+R Full Core 50% Core S+R
41354 4259.7 4073.5 3300.0 2405.1 4767.1 4573.1 3767.4 2767.6
A-G7-3 400*150
4300.2 3472.3 33233 2704.5 1988.5 4767.1 4573.1 3767.4 2767.6
5083.2 33329 3211.9 2709.1 21274 4965.1 4771.2 3965.4 2965.7
A-G8-3 400*150
5622.1 3332.9 3211.9 2709.1 2127.4 4965.1 4771.2 3965.4 2965.7
A-S6-3 400*150 5159.3 33914 3270.3 2767.6 2185.9 4984.6 4790.7 3984.9 2985.2
4844.2 3793.2 3631.8 2961.4 2185.9 5951.1 5692.5 4618.2 3285.2
A-S6-4 400*150
5674.1 3793.2 3631.8 2961.4 2185.9 5951.1 5692.5 4618.2 3285.2
A-G7-3 400*150 5614.3 3518.0 3397.0 2894.2 2312.5 5490.9 5297.0 4491.2 3491.5
5500.6 3919.9 3758.5 3088.1 2312.5 6157.4 5898.8 4824 .4 3491.5
A-G7-4 400*150
5818.2 3919.9 3758.5 3088.1 2312.5 61574 5898.8 4824 .4 3491.5
A-S8-3 400*150 5034.7 3781.1 3660.1 3157.3 2575.6 5919.3 5725.4 4919.6 3919.9
5166.2 4183.0 4021.6 3351.2 2575.6 6585.8 6327.2 5252.8 3919.9
A-S8-4 400*150
6121.3 4183.0 4021.6 3351.2 2575.6 6585.8 6327.2 5252.8 3919.9
A-G8-3 400*150 5416.6 3703.2 3582.2 3079.4 2497.7 5792.4 5598.4 4792.7 3793.0
5573.1 4105.0 3943.6 3273.3 2497.7 6458.8 6200.2 5125.9 3793.0
A-G8-4 400*150
5915.3 4105.0 3943.6 32733 2497.7 6458.8 6200.2 5125.9 3793.0
B-G42L 381*%140 5870.0 4439.6 4258.1 3564.1 2751.8 6944 4 6653.4 55413 4138.3
B-S32L 381*140 5006.0 4601.7 4420.2 3726.2 2913.9 6804.3 6513.4 5401.3 3998.2
B-S32U 381*%140 6058.0 4601.7 4420.2 3726.2 2913.9 6804.3 6513.4 5401.3 3998.2
B-S41L 381*140 6841.0 5149.5 4967.9 4273.9 3461.6 7561.5 7270.6 6158.5 47554
B-S41U 381*%140 5601.0 5149.5 4967.9 4273.9 3461.6 7561.5 7270.6 6158.5 47554
B-S42U 381*140 5835.0 5149.5 4967.9 4273.9 3461.6 7561.5 7270.6 6158.5 47554
6845.7
CR-32-N 381*%140 5149.5 4967.9 4273.9 3461.6 7561.5 7270.6 6158.5 47554
6479.2
9129.3
CR-32-F35 381*%140 5149.5 4967.9 4273.9 3461.6 7561.5 7270.6 6158.5 47554
7598.7
6345.4
CT-32-N 381*%140 4786 5149.5 4967.9 4273.9 3461.6 7561.5 7270.6 6158.5 47554
6920.0
CT-32-F35 381*%140 5149.5 4967.9 4273.9 3461.6 7561.5 7270.6 6158.5 47554
5448.9
6271.1
CT-29-N 381*140 4786 4918.7 4737.1 4043.1 3218.7 7231.5 6940.6 5828.5 44254
7737.4
CT-29-F35 381*%140 Sl 4918.7 4737.1 4043.1 3218.7 7231.5 6940.6 5828.5 44254
518.
E9} 2o = A 0.2 B-24435}9 ©. 1, Sagging moment SETh 18y Sagging moment= FA| A 02 QEHSE A
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Fig. 5 Safety ratio of axially loaded corrugate steel composite section according to the various effective concrete sections

Table 5 Comparison of test and analytical results of flexural loaded specimens

Specimen Experimental LRFD LSD
Strength(kNmm) Mp EXP/LRFD Mp EXP/LSD

FA-G7-3-3 400*150 499,686.0 143,145.3 3.5 246,315.9 2.0
FA-G8-3-3 400*150 514,258.5 190,994.4 2.7 282,758.4 1.8
FA-S6-3 400*150 300,580.0 211,826.1 1.1 304,682.1 1.0
FA-S6-4 400%150 253,725.6 210,158.0 12 299,239.9 0.8
FA-G7-3 400%150 323,334.0 336,981.9 1.0 324,162.5 1.0
FA-G7-4 400%150 399,240.0 372,773.9 1.1 336,549.8 12
FA-G8-3 400*150 414,240.0 361,747.7 1.1 339,346.8 12
FA-G8-4 400*150 442,770.0 408,496.5 1.1 364,096.6 12
MG41L-1 381%140 292,410.0 520,358.6 0.6 404,437.2 0.7
MG41L-2 381%140 351,690.0 520,358.6 0.7 404,437.2 0.9
MS32L-1 381%140 361,665.0 441,416.5 0.8 350,944.8 1.0
MS32L-2 381%140 368,790.0 441,416.5 0.8 350,944.8 1.1
MS42L-1 381%140 350,550.0 520,358.6 0.7 404,437.2 0.9
MS42L-2 381%140 317,775.0 520,358.6 0.6 404,437.2 0.8
Hogging mormert MS41L-1 381%140 416,955.0 520,358.6 0.8 404,437.2 1.0
MS41L-2 381%140 409,260.0 520,358.6 0.8 404,437.2 1.0
MS41U-1 381%140 421,800.0 520,358.6 0.8 404,437.2 1.0
MS41U-2 381%140 419,520.0 520,358.6 0.8 404,437.2 1.0
FR-32-N-1 381%140 397,536.8 507,670.8 0.8 398,593.2 1.0
FR-32-N-2 381%140 415,437.8 507,670.8 0.8 398,593.2 1.0
FR-32-F35-2 381%140 449,046.0 514,158.9 0.9 401,581.6 1.1
FR-32-F35-1 381%140 454,369.5 514,158.9 0.9 401,581.6 1.1
FT-32-N-1 381%140 406,838.3 507,670.8 0.8 398,593.2 1.0
FT-32-N-2 381%140 427,547.3 507,670.8 0.8 398,593.2 1.1
FT-32-F35-1 381%140 418,684.5 514,158.9 0.8 401,581.6 1.0
FT-32-F35-2 381%140 411,255.0 514,158.9 0.8 401,581.6 1.0
FT-29-N-1 381%140 407,569.5 507,670.8 0.8 342,326.6 12
FT-29-N-2 381%140 376,857.0 507,670.8 0.7 342,326.6 1.1
FT-29-F35-1 381%140 451,824.8 514,158.9 0.9 347,021.3 1.3
FT-29-F35-2 381%140 466,215.8 514,158.9 0.9 347,021.3 1.3
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Table 5 (Continued)

. Experimental LRFD LSD
Specimen
Strength(kNmm) Mp EXP/LRFD Mp EXP/LSD

NFA-G7-3-3 400*150 517,173.0 253,432.6 2.0 280,879.5 1.8
NFA-G8-3-3 400*150 513,220.0 255,648.6 2.0 293,953.4 1.7
NFA-S6-3 400*150 359,544.0 265,446.1 1.4 289,802.1 1.2
NFA-S6-4 400*150 355,441.5 283,579.2 1.3 290,646.8 1.2
NFA-G7-3 400*150 447,599.4 267,057.6 1.7 304,279.4 1.5
NFA-G7-4 400*150 473,042.3 283,935.1 1.7 300,696.7 1.6
NFA-G8-3 400*150 494,174.8 270,581.7 1.8 320,915.8 1.5
NFA-G8-4 400*150 478,881.1 286,346.3 1.7 312,553.9 L5
Sagging moment 381,615.0 330,339.6 1.2 386,411.0 1.0

NMG41L 381*140
481,650.0 330,339.6 1.5 386,411.0 1.2
472,530.0 310,733.6 1.5 358,404.3 1.3

NMS32L 381*140
439,470.0 310,733.6 1.4 358,404.3 1.2
402,705.0 330,339.6 1.2 386,411.0 1.0

NMS42L 381*%140
508,725.0 330,339.6 1.5 386,411.0 1.3
459,420.0 330,339.6 1.4 386,411.0 1.2

NMS41L 381*140
441,180.0 330,339.6 1.3 386,411.0 1.1
481,935.0 330,339.6 1.5 386,411.0 1.2

NMS41U 381*140
337,725.0 330,339.6 1.0 386,411.0 0.9
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Fig. 6 Safety ratio of flexurally loaded corrugate steel composite
section according to the various effective concrete sections
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Table 6 Design variables for parametric assessment of compressive
and flexural strength of corrugate steel concrete composite section

Design variables Parameters
thickness 6, 7, 8
Corrugate steel plate yield strength 275, 315, 450
bolts layers 4,5, 6
concrete strength 30, 40, 50, 60
R/C
rebar strength 400, 500, 600
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Fig. 7 Parametric comparison of axial strength of corrugate steel and
concrete composite section according to the various design variables
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