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PULL-OUT TEST OF ANCHOR BOLT

FOR FASTENING LEAD DAMPER TO CONCRETE FOUNDATION

�� ��*��� ��**��� �***

Hayato ASADA, Shoichi KISHIKI, and Akira WADA

Pull-out tests on anchor bolts for fastening lead damper to concrete foundation were conducted to evaluate factors affecting

pull-out behavior of anchor bolts. The main parameters were type of anchor bolt commonly used for anchorage of lead damper

and layout of reinforcements around anchor bolt. The following results were obtained : (1) Vertical reinforcements arranged

around anchor bolt contribute to increase in concrete breakout strength. (2) For long nut type anchor bolt, long nut length covered

anchor bolt must be treated with enough care to avoid slipping anchor bolt. Because slipping failure lead to decrease in tensile

strength and increase in pull-out displacement at failure. (3) The slope of the concrete cone was much flatter than 45 degree

assuming in design procedure, regardless of the embedment depth, anchor type and reinforcement pattern. (4) Based on test

results, simple concrete failure model was proposed. Using this model, effective radius of projected area were assessed 0.81le -

0.96le. These values were close to effective radius 1.0 le in existing design formula according to AIJ.

Keywords: Base-isolated structure, Lead damper, Connection, Pull-out test, Concrete cone failure, Pull-out behavior
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�� l e [mm] D [mm] l n [mm] [mm] ���� ����

N120 0
N120(50) �����

N120(50)UB1* ���

N120(80) �F8.8T)

N120(80)UB1*

N120(100) 100
S90 90

S120
2H30 2
4H30
4H60 ������� 60
4H120 ��� 120
4V30 30
4V60 60

2HV30 2 2
4HV30 4 4

���
��

��������������
����

N 402*

50

80
- -

���� ����

-

R
120

120

30

32
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-

- - -

4 -

4
-

1* : �����������������������������������

2* : �������������������

3* : ��������������

�� �����
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2
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2
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�� ���������
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N ������� 24 ��R ������� 35 ������������

�� ������������S120�

��� ���� �����

 [N/mm2]  [N/mm2] [N/mm2]

D6(SD295A) 370 552 1.87×105

D13(SD295A) 368 521 1.73×105

���� ���� �����

 [N/mm2]  [N/mm2] [N/mm2]

N���� 2.34 27.80 2.35×104

R���� 2.36 29.30 2.66×104

R����������

2 H 30

N 120 (50)
����� le [mm]
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N����(���R��������
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���������������� �
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������������������������������

����������������������� 120mm ���

4H120������� S120 �������� 10%�������

������������������������������

������������������������������

������������������������������

�����������������������������

���������� 4V30 � 4V60 ������������
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�����������������HV�����������
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������������������������

��� ������

����� ���������

�����������������������������
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A

A’

N

�� ������

��� ���������� �S120�

1* : �����������

2* :�(1) ����������������

3* : C:�������S��������F : ������������

���� ���

exp. P u
1*

cal. P u
2* ��

[kN] [kN] ���
�*

N120 93.70 C 0.94
N120(50) 99.26 C 0.99

N120(50)UB 103.73 C 1.04
N120(80) 108.06 C 1.08

N120(80)UB 101.35 C 1.02
N120(100) 91.38 S 0.92

S90 75.46 57.90 C 1.30
S120 113.68 96.19 C 1.18
2H30 115.83 C 1.20
4H30 121.09 C 1.26
4H60 114.32 C 1.19
4H120 102.45 C 1.07
4V30 132.41 F 1.38
4V60 129.79 F 1.35
2HV30 128.38 C 1.33
4HV30 133.63 F 1.39

���� exp. P u / cal. P u

99.82

96.19

��� ������ ��� ������ ��� ������������

��� �����
�������

��� ����
��������

��� ������ (N120(100))

��� ���������
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8%�6.7%�������������������������
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