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Abstract - In this study, an experimental study was performed to evaluate the concrete breakout strength of unreinforced
cast-in-place anchors by seismic qualification test under shear loading. The CIP anchors tested herein were 30mm in diameter
with an edge distance of 150mm and an embedment depth of 240mm in uncracked and cracked concrete. The cracked specimen
consisted of orthogonal and parallel crack to the loading direction, respectively. The dynamic loading sequence during the
seismic qualification test was determined based on CSA N287.2, ACI 355.2 and ETAG 001 codes. After the dynamic loading,
the static loading was applied until failure occurs. The shear resistance by seismic qualification tests showed almost the same
strength as that obtained from the static tests in uncrcaked and cracked concrete, respectively. Meanwhile, the breakout depth did
not reach 8d,, therefore the modified strength equation of ACI 318-11 could estimate properly the concrete breakout strength,
which does not consider effective bearing length.
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Fig. 1. Idealized breakout model for CCD method™®
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Table 1. Comparison of seismic qualification test

Europe

Standards Canada usA ETAG

CSA-N287.2 | ACI 3552 001(C1)

Crack width | Non-crack 0.5mm 0.5mm
Loading Alternating | Alternating | Alternating

No. of cycles 340 140 140

Loading rate 5Hz 0.1 ~2Hz 0.1~2Hz
VIV, s *16%~4% | 25%~50% | 25%~50%

*Values are defined by the ratio of the yield strength of
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Loading . Cyhnde'r Core . | Edge distance | Ultimate load (kN) ISP acement a
rate Specimens Crack Compressive | Compressive ¢, (mm) failure (mm)
strength strength ol Vst Mean Uy Mean
UN-DM-01 148 63.8 4.7
UN-DM-02 uncracked T e 2 AP 153 591 61.5 31 3.9
L0 Hz CO-DM-01 crack - ’ ’ 154 61.0 60.5 3.3 14
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Table 3. Fracture angle and breakout depth

Top surface Side Breakout

Specimen depth
Left Right Angle (mm)
UN-DM01 | 20° 41° 57° 100
UN-DM-02 12° 7° 63° 147
UN-DH-01 20° 41° 46° 158
UN-DH-02 910 26° 64° 153
Average 140

( ge) (18%) 29%) (58°) (140)
CO-DM-01 20° 18° 46° 200
CO-DM-02 18° 19° 73° 156
CO-DH-01 6° 17° 78° 90
CO-DH-02 19° 18° 46° 118
A 141

(Average) | (o | g0y | grey | 04D
CP-DM-01 15° 13° 57° 208
CP-DM-02 2° 10° 54° 235

(Average) 9°) (12°) (56°) (222)
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Table 4. Normalized shear strength
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CO-AIZA|(60.7TkN)+= H]+E A A(62.4kN)<} 1,.8% A}
o|ZA Ao Ze o] FrE EAh 3, CP-AEA|
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o]al, ETAG 001 711, =8d, A& A])o] vlg]| A& s
11, SR == 1,108) 2 A& 2ot o)== &z 7
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TCSt l V kN VE’TAG’O(]I (kN)
Specimen Loading bmean ACT318—11 ( ) . Eq.(S) or (6)
(mm) : Eq.(3) or (4)
I/f,;lsf (kN) Mean le = 8du le: = lb.,mean
UN-01 8 65.2 143 66.8 712 62.1
UN-02 Static 58.7 619 1 (484, (0.93) (0.86) (0.997)
UN-DM-01 67.3
Uncracked femi
UN-DM-02 Quif;;‘:a‘fion 593 4 140 66.8 712 61.8
UN-DH-01 Test 60.0 : 4.7d,) (0.94) (0.88) (1.01)
UN-DH-02 s 632
CO-01 58.7
240 47.7 50.5 50.5
CO0-02 Static'™ 63.3 62.1
8.0d
0003 " (8.0d,) (1.30) (1.23) (1.23)
Cracked - 1= 01 60.6
Orthogonal e ismi :
& CO-DM-02 Qui;‘;‘:;;on 59.7 0 141 477 50.5 439
CO-DH-01 Test 64.8 ' 4.7d,) (1.27) (1.20) (1.38)
CO-DH-02 57.6
CP-01 54.9
189
CP-02 Static™® 56.9 56.3 417 30:3 473
(6.3d,) (1.18) (1.11) (1.19)
Cracked - CP-03 57.3
Parallel ismi
CP-DM-01 | if:;‘:;on 552 sss 222 477 50.5 493
CP-DM-02 | " Test 55.8 : (7.4d,) (1.16) (1.10) (1.13)
Note) Values in parenthesis are V", / Viu
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