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Abstract - In this study, an experimental study was performed to evaluate the concrete breakout strength of cast-in-place(CIP)
anchors in cracked concrete under static shear loading. The CIP anchors involved in this study were 30mm in diameter with an
edge distance of 150mm and an embedment length of 240mm. The experiment was carried out for two specimens in uncracked
concrete and three specimens in cracked concrete orthogonal and parallel to the direction of shear loading, respectively.
Compared to the uncracked concrete specimen, cracked specimen orthogonal to the direction of shear loading showed no
reduction in the concrete breakout strength and that parallel to the load direction about 91% strength which corresponds to 84%
of uncracked concrete strength defined in ACI 318-11. Therefore, the experimental results showed smaller decrease in the shear
resistance of CIP anchors in cracked concrete than that specified in ACI code which account for 71% strength of uncracked
concrete in cracked concrete.
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Fig. 1. Idealized breakout model for CCD method
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Table 1. Test results by Hallowell”

%59% Z0]| 6}]1‘61-

Concrete Viest
V... (kN
condition Cal (mm) fest ( ) V:LErInean
40.47 1.03
37.36 0.96
101.6 33.35 0.85
Uncracked 43.14 1.10
40.47 1.03
Avg. : 39.0 Avg. : 1.00
33.36 0.85
27.13 0.69
101.6 32.02 0.82
Cracked 36.91 0.94
31.13 0.80
Avg. : 32.1 Avg. : 0.82
Note) 1,71 <3912 kN
Table 2. Test results by Klingner et all'”
Concrete Viest
V. (KN
condition Con(mm) test (KN u%]r.u(i(ln)z
50.8 17.12 1.14
50.8 17.79 1.19
50.8 18.24 1.21
101.6 30.02 0.71
Uneracked 101.6 33.36 0.79
152.4 64.50 0.83
203.2 86.74 0.72
Avg.: 0.94
50.8 6.67 0.44
101.6 26.69 0.63
101.6 26.69 0.63
152.4 44.48 0.57
Cracked 1524 4137 0.53
203.2 84.51 0.70
203.2 74.28 0.62
Avg.: 0.59
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Fig. 2. Load-displacement behavior of headed studs in cracked
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and uncracked concrete-shear load in direction of crack'
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Table 3. Summary of test results
Cylinder Core Edge distance Ultimate load(kN) Displacement(mm)
Specimen compressive compressive
strength strength ¢y (mm) | Mean Viest Mean Disp. Mean
UN-01 155 63.1 33
—— 1 Uncracked 151.5 60.0 2.9
UN-02 148 56.8 2.5
CO-01 27.6MPa 25.3MPa 155 56.8 3.2
co-0p | (Cracked- 149 150.3 61.3 60.1 3.0 3.0
——— ! Orthogonal
CO-03 147 62.3 2.8
CP-01 151 55.6 2.9
cpoy | Cracked- 28.7MPa 27.7MPa 151 151.0 57.6 57.1 46 3.8
——— 1 Parallel
CP-03 151 58.0 4.0
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Table 4. Fracture angle and breakout depth

Top surface Side Breakout

Specimen depth

Left | Right | Mean | Angle | Mean (mm)
UN-01 19° 16° 55¢° 147

19.3° 49.5° ——m

UN-02 10° | 32° 44° 139
CO-01 17° 13° 80° 240
CO-02 13° 17° | 15.5°| 63° | 60.7° 240
CO-03 18° 15° 39° 240
CP-01 15° 15° 58° 158

CP-02 12° | 47° | 19.7° | 46° | 50.3° 169

CP-03 14° 15° 47° 240
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Table 5. Comparison of normalized(27MPa) static shear strength in uncracked and cracked concrete

Test 1 ACI 318-08 ACI 318-11 ETAG 001
Specimen bmean v V 1% v, v,
p Vi, (kN) Mean (mm) ACI8d, ACLI, Act ETAG,8d, ETAG.I,
(kN) (kN) (KN) (kN) (kN)
UN-01 65.2 619 143 87.2 78.6 66.8 71.2 62.1
UN-02 58.7 : (4-8d,) 0.71) (0.79) (0.93) (0.86) (0.997)
CP-01 >4.9 189 63.4 60.4 47.7 50.5 473
CP-02 269 363 (6.3d,) (0.89) (0.93) (1.18) (1.11) (1.19)
CP-03 57.3 e | : | : |

Note) Values in parenthesis are V2, / Vi
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- a0
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Hallowell
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40.8 kN) 3113 0.76
0 Avg. : 32.1 | Avg. : 0.78
50 70 S0 110 130 150 170 190 151 54 9 0 82
Edge distance(mm) This stud ) ’
S 151 56.9 0.85
(b) cracked concrete (Ve = 151 573 0.86
. . 66.8 kN)
Fig. 10. Comparison of test results with ACI 318 and ETAG 001 Avg. : 563 | Avg. : 0.84
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