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Abstract

This paper presents the evaluation of behavior and the prediction of tensile capacity of
anchors that can cause a failure of the concrete on the basis of the design for anchorage. ‘
Tests of cast-in-place headed anchors, domestically manufactured and installed in

uncracked and unreinforeed concrele member are conducted 1o teslt the ellecls of embedinent
lenglh and edge distance. ‘
The failure modes and the load-deformation responses of the anchors are discussed and
then the concrete failure data are compared with capacities by the iwo present methods : the
45 degree cone method of ACI 349, 318 and the concrete capacity design (CCD) method. \
Differences between the results by test and by two prediction methods are analyzed Finite
Element Method (FEM)
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Fig. 1 Concrete Breakout Cone Mode! in ACI 349
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Fig. 2 Concrete Breakout Cone Model
in CCD Methods
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Table 1 Test Group Designation

G test anchor | anchor | embedment
TOUP\ ariation type | diameter tength
p |embedment) n i6em Sem

length
g |embedment’  orn | joem 10cm
length
3 'edge CIP 16¢imn Betn
distance
4 group CIP 16cm 10cta
anchor
-9 .
60 2. .

group 3

group 4

Fig. 5 Anchor Location
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Fig. 6 CIP Headed Bolt Anchor
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voke
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Fig. 8 Load-Displacement Response of Tested Group 1
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Fig. 10 Load-Displacemant Response of Tested Group 3
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Fig. 11 Load-Displacement Response of Tested Group 4
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Teble 2 Test Resulis

Test N N(ACL) |N(CCD} | Anchor
No (test) |{Predict)|(Predict)| Yield |1/2%]1/3"
1iton)| 2(tonf) | 3{tond) | (tonf)
1TCE01 | 2.88 2.7 2.713 7.24 11.03]1.05

1TC602| 3.68 | 2.78 2,73 | 7.24 [1.32]1.34
1TC603| 2.9 2.78 2.73 | 7.24 [1.04]1.06
1TC604| 3.35 | 2.7 273 | 7.24 11.20|1.22
1TC605] 2.9 2.78 2.73 | 7.24 [1.04|1.06
mean |3.142| 2.7 2.73 7.24 |1.1311.15
2TC206] 5.15 | 6.94 7.74 | 4.07

27C207] 5.15 | 6.94 7.714 | 4.07

2TC208| 5.15 | 6.94 7.714 | 4.07 | anchor
2T¢C209] 5.16 | 6.94 7.74 | 4.07 failure
2TC210| 5.18 | 6.94 7.74 | 4.07

mean | 5.158 | 6.94 7.74 | 407

3TC611| 2.0 2.57 2.05 7.24 10.77]0.97
3TC612| 1.84 | 2.57 2056 | 7.24 10.7110.89

3TC613| 2.3 2.57 2.05 | 7.24 10.89/1.12

3TC614| 2.12 | 2.57 205 | 7.24 10.82/1.03

3TCe15) 1.98 | 2.57 2.05 | 7.24 10.77]0.96

mean | 2.04 | 257 205 | 7.24 10.799/0.99

4TCE16| fail | 14.51 | 11.77 | 28.96

4TC617| 12.2 | 14.51 | 11.77 | 28.96 |0.84)10.3

ATCE18 | 12.0 | 14,51 | 11.77 | 28.96 {0.82]1.01

4TCE619| 12.6 | 14.51 | 11.77 | 28.96 |0.86|1.07

ATCE20] 12.8 | 14.51 | 11.77 | 28.96 10.88|1.08

mean | 12.4 | 14.51 | 11.97 | 28.96 10.85]1.05

* 172 = 1 column / 2 column
1/3 = 1 column / 3 column
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Table 3 Material Properties of Anchor

Young's M()‘gulus
(kgl/em™)

2040000 0.3

Polsson’s Ratio

Tablz 4 Material properties ¢f Concrete

Young's Modulus

(kgt/em®) 217371
Poigson’s Ratio 0.2
Tensile Strength 21

(kgf/cm®)

Strain at Ultimate
Strength 0.003

Table 5 Section Properties

(unlt ¢ cm)

Na. “"’ﬁi‘;‘;‘f”t b b a a
1 5 2 | 2 | 26 | 1

2 10 20 | 40 | 26 | 1

3 15 60 | o0 | 26 | 1

4 20 80 80 5 1.5
5 3 50 | 100 | 5 | 15
6 30 00 | 120 | 5 | 15




Fig. 24 Section Shape
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Fig. 25 Analysis Section of Anchor

Fig. 26 Analysis Section of Concrete

Fig. 27 Model of Concrete Anchor System (CIP anchor)
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Analysis
No. ACI 349 | CCD Method Resalts
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