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Effect of Shear Reinforcement and Compressive Stress on the Shear
Friction Strength of Concrete
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ABSTRACT This study examined the effect of transverse reinforcement and compressive stress on the shear friction performance
at the shear interface intersecting two structural elements with various concrete types. From the prepared 12 push-off test specimens,
various characteristics at the interface were measured as follows: crack propagation, shear load-relative slip relationship, initial shear
cracking strength, ultimate shear friction strength, and shear transfer capacity of transverse reinforcement. The configuration of
transverse reinforcement and compressive strength of concrete insignificantly influenced the amount of relative slippage at the shear
friction plane. With the increase of applied compressive stress, the shear friction capacity of concrete tended to increase proportionally,
whereas the shear transfer capacity of transverse reinforcement decreased, which was insignificantly affected by the configuration
type of transverse reinforcement. The empirical equations of AASHTO-LRFD and Mattock underestimate the shear friction strength
of concrete, whereas Hwang and Yang model provides better reliability, indicating that the mean and standard deviation of the ratios
between measured shear strengths and predictions are 1.02 and 0.23, respectively.
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shear friction strength, relative slippage, transverse reinforcement, compressive stress, unit weight of concrete
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Table 1 Specimens of direct shear test

Transverse
Speci 0o fod o, reinforcement
pecimens (ke/ m3) (MPa) | (MPa) n.

Type
(p'uf)

NH-N-0 0 None
4-D10

NH-V-0 0 1(0.0090)| Y- ¥Pe
4-D10

R 6 (0.0064) | *"¥Pe

NH-N-0.15 0 | None
4-D10

NH-V-0.15 0.15f,, V-type

2.4 a |0

] 2,400 © Mpay 009
4-D10

NH-X-0.15 oot | Xetvpe

NL-N-0.15 0 | None
0.15f,, | 4-D10

NLV-0.15 24 | (36 |(0.0090)| VP
MPa) | 4.p10

NL-X-0.15 oot | X-type

HH-N-0 0 None
4-D10

HAV0 1 5500 | 60 0 |(0.0090)| VOP®
4-D10

o (0.0064)| X YPe

Note: p,= unit weight of concrete, f,,= targeted compressive
strength of concrete, o,= applied compressive stress, n,=
number of transverse reinforcement at the interface, p,~

A,
- ) Ay~ total area of

c
transverse reinforcement(A4,.sinf,), A= area of shear friction
interface, and 6,= angle of transverse reinforcement to
shear friction interface.

NH-N-0.15

T Axial stress =0, 0.15(0.15£,)
Transverse reinforcement type = N(None), V(Perpendicular type), X(X-type)

Designed compressive strength of concrete = L(24 MPa), H(60 MPa)
Unit weight of concrete = N(2400 kg/m?), H(3500 kg/m?)

transverse reinforcement ratio(
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Fig. 1 Details of push-off specimens (unit: mm)
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Table 2 Mixture proportions of concrete

Unit weight (kg/m’)
Speci-| fu |FAla|WIC 7 C R,
mens (MPa)| (%) | (%) | W | C " (%)
S M| G| M
NL | 24 55 282 84| - |1,097] - | O
NH | 60 | 45 | 28 |155(554|7& | - |9711| - | 1.7
H 60 28 554 - |1,195] - |1,600] 1.9

Note: Fya= fine aggregate-to-total aggregate ratio by
volume, W/C= water-to-cement ratio, W= water, C=
ordinary portland cement, F,= fine aggregate, C,= coarse
aggregate, S= sand, M= magnetite, G= granite, and R =
high-range water-reducing agent-to-cement ratio by weight

Table 3 Properties of aggregates

Maximum . . Unit
. . .. |Absorption|Fineness .
Specimen size  |Gravity (%) modulus weight
(mm) ’ (kg/m’)
. 25 4.29 0.6 6.7 2,337
Magnetite
5 3.76 0.6 33 2,487
Granite 25 241 1.0 6.8 1,536
Sea sand 5 2.61 23 2.7 1,650
100
5 80 |
e
& % 60
%’J qﬁ 40 F Standard granding curves specified in the KS
s &
§ —A— Sea sand
& 20 —i— Magnetite
0 s s : . |
0 2 4 6 8 10
Size of sieve, (mm)
(a) Fine aggregate
100

Standard granding curves specified in the KS__
80 F —A— Granite
—— Magnetite

20

Percentage of weight
passed, (%)

0 5 10 15 20 25
Size of sieve, (mm)

(b) Coarse aggregate

Fig. 2 Grading curve for aggregates
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Table 4 Summary of test results

: fck Vcr I/;L SO

Specimens (MPa) (kN) (kN) (mm)
NH-N-0 152.2 181.2 0.1
NH-V-0 165.8 340.5 0.5
NH-X-0 62.5 155.6 405.7 0.4

NH-N-0.15 | (H-series) | 382.3 516.6 0.6

NH-V-0.15 387.4 664.6 0.9

NH-X-0.15 395.4 724.8 0.9

NL-N-0.15 270.2 363.6 0.6

NL-V-0.15 29'8 284.1 460.8 0.8

—— " { (L-series)

NL-X-0.15 279.4 448.6 0.8
HH-N-0 189.9 283.2 0.1
HH-V-0 58'4 201.9 448.1 0.5

— ! (H-series)
HH-X-0 208.5 435.7 0.3

Note: f,= compressive strength of concrete 1, = initial
shear cracking strength, V= ultimate shear friction strength,
and S,= relative slip amount at V.

(a) None (b) V-type

(c) X-type

Fig. 4 Failure mode according to the configuration type of
shear reinforcement

Fig. 5 Typical crack propagation at the failure surface of
HWC with fy of 58.4 MPa
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Fig. 6 Relative slip amount against applied loads
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Fig. 10 Effect of compressive stress on the shear transfer
capacity of shear reinforcement
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