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Abstract - This study evaluated the static and dynamic shear strength of cast-in-place anchors reinforced with hairpin bars in
uncracked and cracked concrete. The anchors 30mm in diameter reinforced with D10 hairpin bar were designed with an edge
distance of 150mm and an embedment depth of 240mm. The cracked specimens consisted of the orthogonal and parallel cracks
to the direction of shear loads, respectively. The dynamic strength was evaluated using seismic qualification tests based on the
ACI 355.2 standard. The shear strength of the hairpin reinforced anchor was hardly correlated to the concrete cracks and the
dynamic strength was similar to its static shear strength. Finally, a consideration on the design strength of hairpin reinforced
anchors was presented.
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Table 1. Summary of static and seismic qualification test results
Concrete Edge Cover | 1st failure load | 2nd failure load
Loading . . . - - Ultimate
type Specimen Crack compressive | distance depth Vi, disp. V.o disp. load (kN)
strength (mm) (mm) (kN) (mm) (kN) (mm)
UH-ST-1 149 42.5 74.1 3.6 74.9 20.4 74.9
UH-ST-2 | uncracked | 25.7MPa 151 33.0 90.2 4.7 96.7 38.2 96.7
UH-ST-3 150 35.5 71.3 43 65.3 19.5 71.3
COH-ST-1 rack 151 33.5 83.7 7.9 83.9 26.9 83.9
Static COH-ST-2 orihoc onal 25.7MPa 152 34.5 82.6 52 90.4 30.4 90.4
COH-ST-3 & 150 355 76.2 4.1 93.7 31.6 93.7
CPH-ST-1 152 37.5 99.0 83 79.2 21.6 99.0
CPH-ST-2 crack - 27 TMPa 152 35.5 71.3 6.2 89.1 219 89.1
CPH-ST-3 parallel ' 150 42.5 87.2 9.0 88.1 26.2 88.1
CPH-ST-4 151 40.0 92.5 8.2 87.1 19.6 92.5
UH-DM-1 150 37.5 83.7 5.9 69.3 20.2 83.7
UH-DM-2 | uncracked | 25.7MPa 148 40.0 66.4 34 71.3 204 71.3
UH-DM-3 150 40.0 74.8 44 79.0 204 79.0
Seismi COH-DM-1 rack 153 38.5 102.8 6.8 83.9 20.7 102.8
afi fscatc.on COH-DM-2 Orihoc i 257MPa 151 340 | 922 | 59 | 826 | 223 92.2
au tést 1 COH-DM-3 g 152 365 | 824 | 54 | 1048 | 337 104.8
CPH-DM-1 151 39.5 79.2 5.7 83.5 13.7 83.5
CPH-DM-2 crack - 27 TMPa 151 39.0 90.4 9.1 83.3 19.3 90.4
CPH-DM-3 parallel ’ 151 38.0 74.5 5.8 91.6 22.6 91.6
CPH-DM-4 151 40.5 69.7 4.1 88.4 20.1 88.4
B A& Fig. 7o A AlSFAT +7.6mm?] QA= Helth, CPH-AIEA|= B A[EA| o] H]
v7d 4 gaZge o ujd dojm By} MM 3§ ZAELES} 2, 0MPa AAGF FE 2po]7} A ¢k
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Table 2. Strength of hairpin bar
Speci Yield strength Ultimate strength
pecimen fl;”' (MPa) 7 (MPa)
1 492.9 625.7
2 524.3 639.1
3 489.1 608.3
Mean 502.1 624.4
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Table 3. Average Fracture angle and breakout depth
Top surface Side Breakout
Specimen - depth
Left Right Angle (mm)
UH-ST 18° 22° 50° 176
COH-ST 23° 29° 52° 201
CPH-ST 18° 21° 50° 199
UH-DM 19° 30° 49° 164
COH-DM 28° 23° 34° 169
CPH-DM 17° 14° 61° 191
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Table 4. Mean strength of hairpin reinforced and unreinforced specimen

Hairpin reinforced (kN
Loading Specimen i () e Unreinforced!' ']
type P 1 failure load | 2™ failure load timate (kN)
load
UH-ST-X 78.5 79.0 81.0 61.9
i COH-ST-X 80.8 89.3 89.3 62.1
Static
CPH-ST-X 87.5 85.9 92.2 56.3
Mean 82.3 84.7 87.5 -
UH-DM-X 75.0 73.2 78.0 62.4
Seismic COH-DM-X 925 90.4 99.9 60.7
qualification
test CPH-DM-X 78.5 86.7 88.5 55.5
Mean 82.0 83.4 88.8 -
All Mean 82.2 84.3 88.4 i
specimens Ccov 0.1230 0.1128 0.1057
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Table 5. Evaluation of hairpin effectiveness factor
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Authors Reinforce- 4, Car o d, cover | Vii s (KN) Vi acrsis effective-
ment (mm) | (mm) | (MPa) | (mm) | (mm) | (mm) Ist failure (kN) ness factor 7
#1: 36.6 V., =473
none - - #2: 40.6 Ea. 3 -
Kli mean: 38.6 (Eq. 3)
¢ al 19 | 102 | 43 #1: 1023
o h #2: 102.3 Vigr =159.0
irpi D16 1 0.34
o =3dy | #3: 97.9 (24, /)
mean: 100.8
#1: 41.2
none #2: 46.6 V., =513
) ) #3: 43.5 (Eq. 3) -
Park mean: 43.8
ar
20 120 31.1 K
et all® #1: 56.0
. 33 #2: 53.4 V. =21
airpin D6 | gauy| =~ #3: 64.0 ; 034
(33d) | 39 #4: 61.1 24,1,
mean: 58.6
) #1: 63.1 V. =652
none - - #2: 56.8 . )
This mean: 60.0 (Eq. 3)
oud 30 | 150 | 257
o hairpin D10 > mean: 82.2 Vi =71.6 024
(3-5dy) 05 (Table 4) (24, /) -

Note) d, : diameter of hairpin, r, :
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