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ABSTRACT While precast concrete construction methods are widely utilized across various construction sites, current concrete

structural standards lack an effective calculation method that optimally incorporates concrete variables for horizontal shear strength.

Previous studies have presented diverse opinions regarding the utilization of shear keys. Even though there is a design formula for

horizontal shear strength employing shear keys in international practices, a detailed calculation method specific to shear key charac-

teristics is absent. Therefore, this study evaluated the horizontal shear strength and shear strength of precast concrete composite beams,

focusing on the detailed features of shear keys formed at joint interfaces. Four-point loading tests were conducted on five specimens,

considering variables such as clamping stress and shear key height at the interface. Analysis of experimental results revealed that

shear keys had limited influence on shear strength but demonstrated variations in their contribution to horizontal shear strength

depending on their height. The shear key design equation proposed in previous studies was deemed to be inappropriate, highlighting

the importance of considering height in the design of composite beams using shear keys.
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Fig. 2 Mechanism of shear transfer

Table 1 Horizontal shear strength equations of code provision (unit: Sl)

Code provision Equation
V., < 3.5bd Only 6 mm roughness or only shear connector < 0.56b,d
(kN) 6 mm roughness+shear connector V,, =(1.8+0.6p,f,)A
Monolithically =14\
ACI 318 & Concrete placed ‘again.st hardened concrete with = 1.0\
KDS Vo= 350.d surface intentionally roughened
" v Concrete placed against hardened concrete not Vi, = 1A, f,
(kN) " 1= 0.6\
intentionally roughened
Concrete anchored to as-rolled structural steel by —07)
headed studs or by reinforcing bars p=r
JSCE Vg = (7,4 pr,sinb” — apf, sinfcosd) A, + V;/~, (kN)

Notes: p,f,: clamping stress; A: coefficient of light-weight concrete; p: coefficient of friction; A, ,: area of shear-friction reinfor-

cement; 7.: shear transfer capacity of concrete; 7,: shear transfer capacity of steel; a: reduction factor (0.08+/3 < a < 0.75, for
deformed bars); A, : area of shear plane; V,: shear capacity of the shear key; ~,: member factor 1.3
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Fig. 3 Shape of concrete shear key

Table 2 Dimensions and material properties of specimens
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Fig. 4 Details of concrete shear key position (unit: mm)

Specimen (161?;) (ﬁiﬁg) (N{Iga) (1@151;) ({fi;;) In(trenrrfr?)C ) Pl (mcin) (mLm) afd
450-R6 Rough (6)

450-K40 Shear key (40) |

450-K50 | 40 2% 500 400 400 | Shear key (50) 450 | 3400 | 222
450-K60 Shear key (60)

300-R6 Rough (6) | 0.76

Notes: f,: concrete compressive strength; f,: yield stress of longitudinal rebar; f,,: yield stress of shear reinforcement; p,f,,:
clamping stress; a: shear length; Z: specimen length; a/d: shear span ratio
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Fig. 5 Configurations and details of specimens (unit: mm)

Table 3 Design strength for specimens

Calculated strength Horizontal shear strength Shear
Specimen d KDS JSCE F Up1 Vpa Vi3 Span
(mm) | o0y fa |20, | Failue | Vios | Vige | () | (MPa) | (MPa) | (MPa) | (mm)
(kN) (kKN) mode (kN) (kN)
450-R6 270.3
450-K40 $26.1 462.3
450-K50 450 710.7 656.7 Shear 462.3 977 33 4.1 29 1,000
450-K60 462.3
300-R6 564.1 327.7

Notes: M, : calculated flexural strength; V: calculated shear strength; V,;, s, horizontal shear strength (KDS); V7, .. : horizontal
shear strength (JSCE); 7} horizontal shear force (= A4,f,/0.9d); v,,: horizontal shear stress (= V@Q/b); v,,,: horizontal shear stress

(= C/b,1,); v,,: horizontal shear stress (= V/b,d)
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Table 4 Mixture proportions of concrete

S W/B | S/a Unit weight (kg/m’)

MPa)| (%) | (%) | W | C| S| G| A |SP

24 484 | 479 | 165|290 | 863 | 938 | 51 | 2.7

40 30.1 | 42.8 | 164|463 | 693 | 927 | 82 | 4.4

Notes: f,,: concrete compressive strength; W/B: water binder
ratio; S/a: fine aggregate ratio; W: water; C: cement; S: fine
aggregate; G: coarse aggregate; A: admixture mineral; SP:
chemical admixture

Table 5 Rebar tensile test results

Rebar (I\/{iga) (l\/{f’a) (mme/l;nm)
D10 473 595 0.0025
D13 442 561 0.0022
D25 594 731 0.0030

Notes: f,: yielding stress; f,: tensile stress; ¢, : yield strain
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Table 6 Test results of specimens
Calculated value Test result
Specimen KDS JSCE v V;L,mst Vun1 Vyuh2 Vuhs
Uh1 Uh2 Un3 wtest | Yuht | Yun2 | Vun v, v, v, v
24,/a| 2V, | Vo sos| Vinjsee| (MPa) | (MPa) | (MPa)| (KN) |(MPa) | (MPa) | (MPa) e
(kKN) | (kN) | (kKN) | (kN)
450-R6 358.4 4148 | 4.2 4.1 3.7 .11 | 1.11 | 1.00 | 1.12
450-K40 539.9 509.9 409.3 | 4.1 4.0 3.6 | 1.01 | 1.08 | 0.98 | 1.09
450-K50 | 894.1 [747.7 15099 | 3.8 4.1 33 | 416.1| 4.2 4.1 3.7 .11 | 1.11 | 1.00 | 1.12
450-K60 509.9 441.1 | 44 4.4 39 | 1.18 | 1.16 | 1.07 | 1.18
300-R6 584.9 | 434.9 4594 | 4.6 4.5 4.1 1.23 | 1.21 | 1.10 | 1.24
Notes: M, : calculated flexural strength; V,: calculated shear strength; 7}, ,pe: horizontal shear strength (KDS); V, : horizontal

shear strength (JSCE); V, ,,,,: maximum shear strength (=
stress (= C/b,1,); Vups: horlzontal shear stress (= 1/b,d)
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Table 7 Stress sustained by the test beams

Horizontal shear stress, v,,, (MPa)

Specimen | At 0.13 | Stirrup | At 0.5 At
mm slip |yield point| mm slip failure

450-R6 22 2.93 3.11 4.09
450-K40 2.25 3 3.25 4.04
450-K50 2.92 3.26 3.38 4.1
450-K60 1.32 3.68 3.68 436
300-R6 3.79 3.78 4.43 4.54

Note: Vj,: horizontal shear stress (= C/b,1,)
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Table 8 Comparison of shear key strength

. Concrete shear key strength (kN)
Design model
K40 K50 K60
Test result 97 149.4 234.2
JSCE 306 306 306
Rombach & Specker 214 214 214
Yoon et al. 173.7 217.1 260.5
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