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Abstract A direct shear member resists external forces through the shear transfer of reinforcing bars
placed at the concrete interface. The current concrete structural design code uses empirical formulas
based on the shear friction analogy, which is applied to the horizontal shear of concrete composite
beams. However, in the case of a member with a large amount of reinforcing bars, the shear strength
obtained through the empirical formula is lower than the measured value. In this paper, the limit state
of newly constructed composite beams on an existing concrete girder is defined using stress field theory,
and material constitutive laws are applied to gain horizontal shear strength while considering the
tension-stiffening and softening effects of concrete struts. A simplified method of calculating the shear
strength is proposed, which was validated by comparing it with the related design code provisions. As
a result, it was confirmed that the method generally shows a similar tendency to the experimental results
when the shear reinforcing bar yields, unlike the regulations of the design code, where differences in

the predicted value of shear strength occur according to the shear reinforcement ratio.
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Fig. 1. Shear friction analogy
(a) Shear-transfer between two interfaces clamped
with reinforcement
(b) Sawtooth shear-friction model
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Where, V, is nominal shear strengths, A4,

denotes vertical steel area, f, denotes yield

strength of steel, tan¢ and g denotes friction

coefficient
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Where, v, denotes ultimate shear strength, f,

k

A denotes constant used to

denotes compressive strength of concrete,
denotes constant,

account for the effect of concrete density, p,

denotes vertical steel ratio, f, denotes yield

strength of steel
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Where, v, denotes nominal shear strengths, p,

denotes vertical steel ratio, k, is constant
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stress acting on the concrete interface,

denotes the amount of slip required to exert the

ultimate shear stress



FIEIFE PR +FARYE A

Je AR BES 2 2 230l e W 2
Fe)E0] A9l Bq. (O) E= Eq. (1002 AH8FES
AL Qe

2 1
v, =040 f,° (ch+pz'fy)3 ©)
7=5s,v, (s, <0.10mm) (10-2)
r\t o173
(v_u) -5 v_u) =0.3s,—003 (10-b)

s, = 0.10mm )
where, s, denotes actual amount of slip, 7

denotes actual shear stress

Eq. (10-D)°IA s, 4R A8 v 1ngere ek
H, 5,7 s, Bk AL 49 FAHo] A8 Ak

2 Eq. (10-b)E ol-&stof AAlst 7 ojrh

Aolo] gAeENE JEAERC] BT, Awe] 9
A% ZaEet ARG RAZE B2L A7 47
W 5 eolE Tsle] o] A EAALE

(truss action)o] ¥ojdtial 7pge 4= Qi
Shear transfer 2V
reinforcement ,_L\
| | N | [ | | | |
v NS R !

Shear plane

()

Force on concrete
due to stirrup tension

Applied shear
b v ‘ ]

. ; — ———
< Ii riz(ﬂta(ighe%r stress ~ _Concrete l S
Shear plane™ > 7 Str d‘ rtical tie (steel)
= o
/ ~|Horizontal Shear stress At

| Horizontal tie concrete

(b) ()

Fig. 2. Biaxial stress and truss action
(a) Biaxial stresses in a shear plane
(b) "Truss" formed after diagonal tension cracking
(c) Discrete truss idealization
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(a) Truss idealization
(b) Equilibrium
(c) Compatibility
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where, f, denotes principal tensile stress of

concrete, v denotes shear stress, 6 denotes crack

angle, f, denotes transverse(vertical) stress of

concrete, f, denotes lateral stress of concrete
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Table 1. Constitutive Laws for Stress-Strain Relations
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Assume &, tan@ |<—
Calculate f.3 4, from
Table 1
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|
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Calculate tan ¢ from
Eq. (18), (21)

Eq. (19)=Eq. (20)
Eq. (22)=Eq. (23)

Take v, value from
Eq. (17)

End

Fig. 4. Procedure for calculating horizontal shear strength
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Fig. 5. Specimen specification(Loov&Patnaik(1994)[4])
(a) Test beam with full length flanges
(b) Test beam with short flanges
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Fig. 6. Cross section of specimen
(Loov&Patnaik(1994)[4])
(a) Beam section with thin web
(b) Beam section with uniform web width

| 9.5mm Support Bars

L L[]

! Longitudinal Steel: 4 #125@2000mm?
Stirrups: Crossing Interface - 9.5mm@300 C/C
Below Interface - 9.5mm@300 C/C

Details of Beam 3

(@)

8mm Support Bars

BB |

: Spacer BaR Welded to —
Longitudinal Steel

Longitudinal Steel: 4 #125@2000mm?
Stirrups: Crossing Interface - 9.5mm@300 C/C (Central 2.0m)
Below Interface - 9.5mm@300 C/C (End Portion)

Details of Beams 13 to 16
(b)
Fig. 7. Reinforcement details of specimen
(Loov&Patnaik(1994) [4])

(a) Typical for a beam with full length flanges
(b) Typical for a beam with short flanges
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Table 2. Specification of horizontal shear specimen
(Loov&Patnaik(1994)[4])

: Compressiv
Interfac - StreYnl;tlﬁ of [Clamping| € b lefn:;g;[
B§m ¢ “;)idth lei;flf steel stress Siﬁiiets stress at
o. v | (om) f,(MPa) pufy f... (MPa) | failure
(mm) ' (MPa) flang| v,
laterallstirrup| web o

1 75 | 3200 | 497 | 438 436 | 427|374 7.76
2 75 3200 | 454 | 438 1.66 |39.2]34.9 4.27
3 75 3200 | 454 | 432 2.73 140.2130.5 6.82
4 75 13200] 334 | 430 | 6.03 |396|347| 810
5 75 3200 | 454 | 430 1.63 |42.6|34.8 5.54
6 75 3200 | 454 | 428 1.62 |40.41(37.1 5.25
7 75 3200 | 497 | 432 6.06 [38.0/358 9.25
8 150 | 3200 | 454 | 407 0.77 |38.0(35.6 3.12
9 75 2400 | 431 | 428 1.62 376|371 4.64
10 150 | 2400 | 431 | 409 0.77 ]37.6|387 3.46
11 | 300 |2400| 497 | 420 | 0.40 |34.0|327| 257"
12 75 2400 | 455 | 408 772 1362|346 9.20
13 150 | 2400 | 431 | 431 0.82 |23.7|19.2 2.92
14 | 150 |2400| 431 | 431 | 082 |202]196| 1.93"
15 150 | 2400 | 431 | 420 0.80 |[51.5(44.0 3.94"
16 150 | 2400 | 431 | 420 0.80 |[50.7|48.3 4.01

All beams failed in horizontal shear excepted as noted
*Failed in flexure, **Failed in diagonal shear, ***Smoother joint

surface

24.2
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Horizontal Shear Test
Loov & Patnaik(1994)
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Fig. 8. Comparison with predicted and measured
values
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