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Abstract - Full-scale flexural testing of asymmetric H-shape hybrid composite beams was conducted in this study. In fabricating
hybrid H-shape sections, high strength steels were utilized for the bottom flange while ordinary strength steels were used for the
top flange and web. With adding a fully composite floor slab, a total of 8 hybrid composite beam specimens were tested. The
primary objective was to develop the asymmetric hybrid H-shape composite beams with maximized flexural efficiency and
investigate their flexural behavior. Not all the hybrid composite specimens tested in this study exhibited the plastic moment and
reasonable deformability. In the specimens with high-strength bottom flange, the longitudinal shear crack of the slab along the
beam axis often preceded the development of beam plastic moment, although the slab was designed as fully composite. The
mechanical reason for this unexpected behavior is discussed. It is emphasized that the longitudinal shear strength of composite
slab should be checked in designing hybrid composite beams utilizing high strength steels like in this study.

Keywords - Asymmetric hybrid composite beam, High-strength steel, Plastic neutral axis, Longitudinal shear force, Plastic stress

distribution method, Shear friction
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Fig. 1. Sections of composite beams
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Fig. 2. Assumed plastic stress distribution in composite section
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Fig. 4. Measured strain-stress relationship of various steel grades
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Table 1. Summary of tensile coupon test results

Fy nomincat F, F, . .

(MPa) | (MPa) | (MPa) v sh
HSA800-15T | 650 803 | 882 |0.0054 -
SM570-25T 450 520 | 654 |0.0039 -
SM520-25T 355 387 | 556 [0.0037 | 0.012
SM520-15T 416 | 572 ]0.0032 | 0.016
SM490-20T 315 334 | 528 [0.0015 | 0.014
SM490-13T 345 | 505 [0.002 | 0.019
SM400-15T - 262 | 429 |0.00175| 0.0168
SM400-9T 323 | 460 [0.0016 | 0.023

Note: F)uominas = nominal yield strength; F, = measured yield
strength; F, = measured tensile strength; e, = measured

yield strain; e, =strain at strain-hardening
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Table 2. Section information and key properties
p . Steel
Specimen Steel section Concrete slab Shrinkage Shear studs
p (hexbypxbpxt,¥txtp) (WiapXtsiap) reinforcement Top ﬂartl)ge & Bottom flange
we
H300-SM520 | AH-300x120x120x9%x9%15 219@180 SM400 SM520
H400-SM520 | AH-400x160x190x9x15x15 |  2000x150 219x2@200 SM400 SM520
H500-SM520 | AH-500x180x180x15x15%25 819x2@150 SM400 SM520
H500-SM570 | AH-500%180%220x13x13x25 010@300 (SD400) | 922x2@150 SM490 SM570
H500-HSA800 | AH-500%180%200x13x13x15 (top and bottom) | g19x2@150 SM490 HSAS00
H600-SM570 | AH-600%200x200x13x20x25|  2000x180 @22x2@180 SM490 SM570
H600-HSA800 | AH-590%200%200x 13x20x15 @22x2@180 SM490 HSA800
H700-HSA800 | AH-700%200x250x 13x13x15 @22x2@150 SM490 HSAS00

H300-8M520 g o flange INOtE: /1 = height of steel section; b; =
of web; t; = thickness of top flange; ¢ =

steel type
Section depth hickness of slab.

width of top flange; by = width of bottom flange; ¢, =

thickness

thickness of bottom flange; W, = width of slab, ., =
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Table 3. Summary of test results
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Rotati .
. Flexural strength (kN-m) ofation Strain (%) Key results
Specimen (rad)
Mp,nominal Mp,mzasured Mmax gmax Sbf Eeu Mnax/ Mp.measmed emax/ Hp Sbf/ 5} Dp/ Dt Failure mode
H300-SM520 473 592 659 | 0.04 |3.20]0.35 1.11 43 110.00| 0.07 Concrete crushing
H400-SM520 863 1014 | 1091 | 0.03 |1.50]0.38 1.09 33 4.69 | 0.09 Concrete crushing
H500-SM520 1607 1778 | 1863 | 0.02 |2.40]0.36 1.05 3.9 6.49| 0.11 Concrete crushing
Concrete crushing &
H500-SM570 2326 2653 | 2277| 0.02 |1.80]0.39 0.86 3.03 4.62| 0.15 Longitudinal shear Failure
H500-HSA800| 2061 | 2433 |2306| 0.02 |1.57]0.33 0.95 23 | 291 0.14 | Conerete crushing &
Longitudinal shear failure
Concrete crushing &
H600-SM570 2710 3081 |[2545| 0.02 |1.70]0.39 0.83 3.28 395| 0.14 Longitudinal shear Failure
H600-HSA800| 2505 2943 12649 | 0.02 [2.23]0.26 0.90 1.91 4.13 | 0.14 |Longitudinal shear failure
H700-HSA800| 3367 3974 [3571| 0.01 |0.72]0.26 0.90 1.91 1.33 | 0.14 |Longitudinal shear failure

Note: Mp,nominal =
on measured material strengths; M. =

plastic moment computed based on nominal material strengths; M, measurea =
maximum moment observed in test; 6,

plastic moment computed based
= end rotation corresponding to M, measured;

Gmax = end rotation at maximum moment; & = bottom flange strain at maximum moment; &, = concrete crushing strain

at maximum moment.
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Fig. 12. Moment-Dp/Dt relation
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Table 4. Summary of shear failure analysis based on different codes

Eurocode 4 2016 KBC AASHTO 2012 )
Specimen Vi Expected failure Expected failure Expected failure Failure mode
&N) | Vi Vi Vimad Vi Vmax! Ve (observed)
mode mode mode

H300-SM520 2114 | 1.44-2.88 | Shear failure 0.47 |No shear failure| 0.44 |No shear failure| No shear failure
H400-SM520 3108 |2.06-4.11| Shear failure 0.66  |No shear failure| 0.62 |No shear failure| No shear failure
H500-SM520 4458 |3.04-6.09 | Shear failure 0.98 |No shear failure| 0.92 |No shear failure| No shear failure
H500-SM570 4926 |3.37-6.76 | Shear failure 1.09 Shear failure 1.02 Shear failure Shear failure
H500-HSA800 | 5056 |3.38-6.77| Shear failure 1.09 Shear failure 1.02 Shear failure Shear failure
H600-SM570 5334 | 3.66-7.4 | Shear failure 1.18 Shear failure 1.11 Shear failure Shear failure
H600-HSA800 | 5640 |3.79-7.56| Shear failure 1.22 Shear failure 1.14 Shear failure Shear failure
H700-HSA800 | 6220 | 4.25-8.5 | Shear failure 1.37 Shear failure 1.28 Shear failure Shear failure

Note: Vimax =

maximum longitudinal shear force; V,, = nominal longitudinal

Tz =22 A29E AZZ(EE A1483) 20179 6Y
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