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Abstract - In this study, a bolted end plate splice method of steel angles for concrete-encased composite columns is proposed.
For the splice, thick end plates are welded at the end of spliced angles, and are snug-tightened face-to-face with one or three
high-strength bolts. Since the geometrical centers of angle and bolt sections do not coincide, the prying force caused by
deformation of the end plate needs to be addressed in the splice design. Thus, a minimum thickness of the end plate is proposed
based on the yield line theory, and the connection strength addressing the prying force is suggested. The performance of the
bolted end plate splice of angles are investigated through direct tension tests of angle splices and flexural tests of encased
composite columns with angle splices. The tests show that the bolted end plate splice of angle is susceptible to slip and rupture
in the threaded portion of the bolts, due to the deformation of the connection and the prying action. The proposed minimum end
plate thickness and connection strengths correlate reasonably with the test results.
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(a) Bolted lap splice of angles

(b) Bolted end-plate splice of angles

Fig. 1. Bolted splice methods of angles used in PSRC columns
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Fig. 2. Prying action in bolted end-plate splice
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Fig. 3. Types of bolted end-plate splice of angles
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Fig. 6. Details of direct tension test specimens

Table 1. Strengths of steels used in direct tension test

Steel Dimension Yield Fy Ultimate F,
Angle L 100x100x10 | 408 MPa 577 MPa
Endplate | PL120x120x25 | 403 MPa 560 MPa
Bolt M24 - 1100 MPa
Bolt M30 - 1097 MPa
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Fig. 7. Dimensions and splice details of PSRC column specimens
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Table 2. Results of direct tension test of angle splice

Specimen EPS1 EPS2
Failure mode
Bolt rupture in Slip and rupture in
threaded portion threaded portion
T, 344 kN 402 kKN
T,GAE,Ay) 336 kN 523 kN
by min 22.3 mm" 27.8 mm"
1) The requried thickness of the end plate, ¢, | ., was computed by
substituting 7, for 7, in Equation (4).
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Table 3. Design parameter of PSRC column specimens

Spec. Splice type Angle t, Bolt
BI Lap splice L-100x10 | 9mm" | 48-M24
B2 1-bolt L-100x10 | 25mm | 4-M24
B3 3-bolt L-100x10 | 25mm | 12-M24
B4 1-bolt L-130x12 | 30mm | 4-M30
B5 3-bolt L-130x12 | 30mm | 12-M30
B6 3-bolt L-130x12 | 30mm | 12-M24

Table 4. Strengths of steels used for PSRC columns

Steel Dimension Yield F Y Ultimate F,
Anl L 100x100x10 | 349 MPa 461 MPa
&€ | L130x130x12 | 348 MPa 493 MPa
End plat Thickness 25 403 MPa 560 MPa
AP Thickness 30 368 MPa 527 MPa
Bolt M24 - 1025 MPa
Bolt M30 - 1060 MPa
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Fig. 8. Test results: Load-deflection relationships, strains, and failure modes
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Table 5. Comparison between tests and predictions

Strength verification at splice Bolt size and end plate thickness
Specimen M, T i TJAF, | T/T, Bolt size t B i /b o
u u n o Sty o L P ‘p.min p' tp,min

Bl 581 kN-m - - - - M24 - - -

B2 303 kKN'm 328 kN 313kN 0.47 1.05 M24 25 mm 23.3 mm 1.07
B3 456 kKN'm 494 kN 481 kN 0.73 1.03 M24 25 mm 28.9 mm 0.87
B4 495 kN'm 558 kN 506 kN 0.49 1.10 M30 30 mm 25.7 mm 1.17
B5 705 KN'm 794 kKN 777 kN 0.75 1.02 M30 30 mm 31.8 mm 0.94
B6 344 KN'm 242 kN 481 kN 0.46 0.50 M24 30 mm 25.0 mm 1.20

1) All angle loads 7, calculated by cracked section analyses are less than F} A (= 663kN for B2 and B3 and 1036kN for B4~B6).
2) The head diameters of M24 and M30 bolts are 41.6 mm and 53.1 mm, respectively.

3)Thet is the values calculated from Eqn. (3) by substituting 7, for 7.
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