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Evaluation of Shear Connections in Sinusoidally Corrugated
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Abstract - This study presents the shear connection details using reinforcing plates to compose the bolted connections regardless
of the sinusoidal position of corrugated web beams, and evaluates their performance through experiments and FEM analyses.
The experimental results show that the maximum moment strength of all proposed specimens is similar to or exceeds the yield
strength of beam. However, in the case of the combination of reinforcing plate and connection plate with the same partial height,
the experimental results were lower than the theoretical stiffness when the connection plate was placed on the edge of reinforc-
ing plate. This is due to the local deformation caused by the end of the connection plate placed on the edge of the reinforcing
plate directly pressing on the valley of the sinusoidally corrugated web, which is proved by the results of out-of-plane deforma-

tion measurement experiments and finite element analysis.
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Fig. 1. Locations of bolted connection
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Fig. 2. Shear connection geometry with full
penetration detail in corrugated web beam
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(b) Eccentric moments
in both directions

(a) Eccentric moment
in one-direction

Fig. 3. Eccentric moment connections of
a web supported girders!”)
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Table 1. Tensile coupon test results

Plate Elastic viels st Yield

Steel . strength | strength .
grade thickness | modulus F F ratio
(mm) (MPa) (Myl””;) (M‘f,"a) (YR)
SS275 3 238,055 355.5 483.2 0.735
SM355 8 216,131 391.1 538.4 0.726
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Fig. 5. Overall view of test setup and
3-point loading condition
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Fig. 8. Specimen details
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Table 2. Test results measured from beam specimen

secimen | % | o) | oy | ooy | M
PE 111.0 41.98 148.4 0.020 0.949
FF-C 115.3 43.80 154.1 0.020 0.985
FF-E 151.2 117.40 | 202.2 0.045 1.293
FP-C 143.8 | 102.31 192.4 0.056 1.230
FP-E 120.2 54.46 160.8 0.029 1.028
PP-C 116.2 41.88 155.5 0.019 0.994
PP-E 116.9 49.72 156.4 0.032 1.000

P, and M, = maximum load and moment observed in test; J, and 0, = center
deflection and end rotation at maximum load; M,,,, = yield moment of beam
computed based on measured material strength

(c) Bearing deformation (d) Bearing deformation
F,nly  391.1%69.8 observed in bolt holes observed in bolt holes
M,, = ;—I’;ZX = 1745 =156.4kN'm 2 of beam of PE girder

Fig. 10. Failure modes of PE specimen at ultimate load
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(a) Bending deformation of
the end plate of beam
comprising the FF-C

(b) Bearing deformation
observed in bolt holes
of FF-C girder

Fig. 12. Deformations of FF-C specimen at ultimate load

(a) End rotation of the small beam that comprised
the FF-E specimen at ultimate load

(b) Shear tab and weld seam in contact with each other

Fig. 13. Deformations of FF-E specimen at ultimate load
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Fig. 14. Comparison of normalized moment-end rotation
relationships of FF-C and FF-E specimens
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Fig. 15. Failure modes of FP-C and FP-E specimen
girders at ultimate load
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(a) Local and bending deformations in the corrugated
web of the PP-C specimen girder

(b) Local deformation in the corrugated web of
the PP-E specimen girder

Fig. 18. Failure modes of PP-C and PP-E specimen
girders at ultimate load
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Fig. 19. Comparison of normalized moment-end rotation
relationships of PP-C and PP-E specimens
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Fig. 21. Experimental and analytical comparison of
the moment-end rotation relationships
for PP-C and PP-E specimens

(c) Front of PP-E girder joint (d) Back of PP-E girder joint

Fig. 22. Stress distribution of the PP-C and PP-E
specimen girders
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Fig. 23. Comparison of out-of-plane deformation
measurements of PP-C specimen girder
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Fig. 24. Comparison of out-of-plane deformation
measurements of PP-E specimen girder
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