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ĊἂḴ№ʗĊἂƝ̈ỡȡ Ρ꞉ỜƝƝ̡Ố√╡Ќ꞉Ɲ

‗ṕἡῢᶈ╨ʗ˘ὤẘ Ṡľᵝʱỡх ꞊ ˀ ĊἂƝ*
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Abstract - An experimental study was conducted to evaluate the breakout strength of stirrup-reinforced cast-in anchors under 

dynamic shear loadings. The shear loadings were applied in the manner specified in the ACI 355.2 and ETAG 001 for the seismic 

qualification tests. Test specimens were fabricated with M36 anchor (edge distance, 180mm) reinforced with D10 stirrups 

(spacing, 100mm). The specimens reached almost the breakout strength and thereafter fracture of anchor occurred. Additional 

tests with M42 anchor (edge distance, 160mm) reinforced with D6 bars (spacing, 100mm) were also conducted. The 

experimental results showed that the dynamic shear strength was not less than the static resistance. Based on the test results, it 

was shown that ACI 318 and ETAG 001 specifications estimate the breakout strength of stirrup-reinforced anchors conser-

vatively as more reinforcement is provided.
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Ŋừʮ ÿƝὛӊᵿ◓γӒĊḴ№ỜἙʱἕ Ċ˨ṕ,

ˀ ᴔʗ ἚṕẘḶ Ṩʮ0,0 ,

ύώᶈ√╡Ќ꞉ּׂשṡּׂשŦĊ˨ṕˀ ҈Ŵṕᴔʗ

ə ύώỡἙṕʗύώ ὤỐʱƝ ὤọ/772 Lmprfpgbec

ύĀὗ ṝợἀ ὤғἙʱ ὤṕˀ ˲Ἐἕ Ċ˨Є

ὺþᶈ╨ʗĪỐ Ả Ṩọȡ ύώᶈ11# * Lmprfpgbec Ḵ

№ỜּׂשŦþЗỡқᴆ˽ṕ̮Γ Ө◓?AG 1/6+.0 ?AG 1/6+

ƝὛƩύʗἡἘĊ Ờ˨ ύἕą Ṩʮ ỡ.6 53# , ?AG 1/6+

//Y1[ṕᴔʗ ợἀ ὤṕ ˀ ᴔʗ ṝἙ ἡἘ Ċ˨Ờ 53#

Ċ˨ЄἘẢ ˨ώ ҙч Ἑʱ ὤṕˀ ᴔʗӊ˨Ờᴚ*

ыṎỡ Ċ˨ύἕą ʗƏἡỐסἣ Ṩʮ ῦŊύ53# ,

ἂŴȲƝὛY3[ỏ Ốҕ▬ọύ ṨƝ̸Ѫṕ?AG 1/6+.6 53#

ἕąỐἘẢ Ŋừʮ  ƔӒĊḴ№Ờ˲Ἐἕ Ċ˨, *

ṕˀ ᴔʗ ƝὛŗ ṕᴔӊ˨?AG 1/6 CR?E ../ ?llcv A

ỜṆƙỏṎŊ ˲ἘĊ˨ þҢḞọύ҈Ŵ* ?AG 133,0Y4[ẁ

ỄγCR?E ../ ?llcv CY2[ṕᴔʗҙӓ ὤṕỜ ύώю

Ờᶌ ҢҹỐἣᶈ Ŋừʮ&qcgqkga os_jgdga_rgml rcqr' ,

ƔΟ̜ṄύώỡԍҴ ύŊƒƏю˨№ᾃṕ̮Γύώ

ὤṕˀ Ḵ№Ờἕ Ċ˨ЄἘἚ þ ʗĪỡ ẘ

ᶌἡỡʮ ύώюỜᶌ ṕỜ ԋӒĊғ Ṅ ,Ɣ ױ

ӒĊḴ№Ờ˲ἘĊ˨ þЄẼ ṠųʗN_pi cr _j, Y5[*Y6[

ṕỜ ᵝ ˻ҕừʮ ҙч ᵿ◓γӒĊỏᶌἣᶌѧṕᴔ, *

Ả˺ŊừỒṕ˨Ӭųנ Ŋ˲Ἐἕ Ċ˨ þЄẼ

ṠųנωþƓ ἣ Ἐỡʮ,

ӕṠųỜяἘỏᵿ◓γӒĊḴ№ỜἡἘĊ˨ þЄ

Ẽ ᴘ ṠųY7[ṕỡṄύώюỜᶌ Y2[*Y4[ҢᶉỜ˲Ἐҙӓ

Ἑʱ ὤṕỜ ˲ἘּׂשṡּׂשŦĊ˨Є þ ʗĪỡʮ ỡЄ,

Ẽ ὼŃ ĊἂḴ№ЄנẢ ṝṠʱĢЌK14& 14kk' &ȞȜū'

Є ᵿ◓γ Ɣỏ ᵿ◓γĀĺỏ ợ√/6.kk* B/.* /..kk

╡Ќ꞉ ᶈ  ЄἣỰ Ŋ Ἐ˲Ἑɦ ἕ Ċ˨ Ờ þЄẼ ᶌ

Ốᵝ Ṩʮ Ḵ№ᶌ ṕᴔю́Ḵ№Ờּׂשʱỡ…, K14

Ἳқᴆ Ṩọх ỡṕ Ḵ№ЄנẢ ṝṠɦ ĢЌ* K20 /4.kk*

ᵿ◓γ Ɣ ᵿ◓γĀĺ ύ″þᶌ ỐᵝB4* /..kk

Ṩʮ,

ˏ ȋ ţ ˏ0,

ˏ ȋ0,/

ᵿ◓γӒĊḴ№ṕˀ ṠųנωʗἡἘғ˲Ἐ ὤṕ

ˀ ᶌ ю́УảӨἴ ᶌἡỡʮ ἡἘ ὤṕˀ Ἑʱ,

ἕ Ċ˨ṕˀ ƝἵṠųנωʗᴘ ɤѪY7[ṕἣᶈ Ṩ

ọх ᶌ ṠųỜӨἴọύ ἂƝὛ̜ỡᵿ◓γӒĊḴ№*

ỜἙʱἕ Ċ˨ЄУảḞἙ₄ọύᴚἡ ŊừỒỐḡᵝ

ừṐʮ,

ύώᶈἕ Ċ˨ þЄẼ ˲Ἐᶌ ωʗˊẤ̘Ѫנ

ᶌἡỡʮ, Ncrcpqcl cr _j,Y/.[ỏᵿ◓γӒĊ ғK/7 K03

Ḵ№ṕˀ ˲ἘἙʱἕ Ċ˨ỜĀἝἘợ þҢḞọύ

ṕӒợҕẁčỡӉẼἣṄҢᶉọύἡἘҙӓ ὤṕDge, 1

Ờ ᶌ Ốᵝ Ṩʮ ỡ̜ỡᵝ ᶌ ľŗЄ, R_ j̀c /

ṕἡἘʱἳ ὤᶌ ľŗẁ ǋẘḶ Ṩʮ ỡ̜Ờᶌ,

ṕỜ чᵿ◓γӒĊױᴣṕ̮ΓῡỡʗừύЖҙӓ

ὤṕỜ ἕ Ċ˨þʱἳ ὤṕԋ Ḵ№ṕᴔʗK/7 50#*

Ḵ№ṕᴔʗ ᵝὛỜĊ˨ЄӒṨʮ ʱ ỡ̜ỜK03 65|71# , *

ᶌ ṕᴔʗю̚ᶈ  ṕᴔḴ№Ờּׂשʱọύᶌ ỡἻϡ

˺Ṑʗ˘ ʱἳ ὤᶌ ṕᴔʗ…ˀ ὤṕĢỜ˨ʳ*

Ḵ№þ ợἀ ▲ύּׂשŦ˻ҙч ҙӓ ὤᶌ ṕᴔʗἙ*

Fig. 1. Idealized breakout model for shear loading in CCD 

method

Fig. 2. Edge and anchor reinforcement[3]
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ʱ ▲Ờ ύּׂשŦþқᴆ Ṩʮ ỡṕỡ̜ỏᵿ◓γӒĊ,

Ḵ№ṕᴔʗּׂשṡּׂשŦӒʮḴ№ּׂשŦþᴚŅЄύҤ ʮŊἣ

Ḟ Ṩʮ ƒήȡỡ̜ỜľŗЄּׂשṡּׂשŦĊ˨ύĀὗ Ɲʗ,

ŌΕ ʮŊּאʱ˻ʮ,

N_pi cr _j,Y//[ỏ Ḵ№ ṠʱĢЌ ᵿ◓K0. * /0.kk*

γ Ɣỏ ᵿ◓γĀĺỏ ợᶈ  ṕˀ ỜB4* /..kk /Fx

ώ ὤ ọύἡἘˀԋ˲ἘἙʱἕ Ċ&nsjq_rgle jm_b'

˨Є þ Ṩʮ ώ ὤỏἡἘἕ Ċ˨Ờ ὤọ, 4.#

ύᶈỰ ṝ ὤỐ╨ậþчᴔּׂשŦᶈƩύþρ Ṩʮ ὤ,

ᵿ♃ӊҙӓ ᵝʗ ύ Ṩọх Đᶈ  ṕˀ/3 awajc * 1

Ɛ˲ἘἙʱἕ Ċ˨ ʗἡἘἕ Ċ˨&17,.iL' &17,0iL'

ẁĢỜ˲̡ ľŗЄṈṐʮ,

ţ ˏ0,0

ᵿ◓γӒĊḴ№Ờἕ Ċ˨ʗ Ɣғ√╡Ќ꞉Ờּׂשṡ

Ŧἕשּׂ Ċ˨ẁḴ№ӕ ỜּׂשŦĊ˨ύӨ◓ľἡ˻ʮ ӕ,

ɤѪṕᴔʗἙữỜĊ˨Є þ ʗĪỡяἘỡ҃ύỡṕ

ˀ ὗẘƝὛỐẘḶ Ɲύ ʮ,

0,0,/ ?AG 1/6

ƝὛṕᴔʗ ƔọύӒĊ Ḵ№ỜּׂשṡּׂשŦṕ?AG 1/6

ˀ ἕ Ċ˨ЄѧƔ√╡Ќ꞉Ờἕ Ċ˨͘ʗ ƔЖỜ

ἕ Ċ˨ὤ╣ćỐἘẢ♦ώ Ŋừʮ гἕ √╡Ќ꞉ּׂש, *

ṡּׂשŦĊ˨ʗ ẁ Ċ˨ᶉ ὤ Ựỏ?AG 1/6+.0 ?AG 1/6+//

ćỐ⁮ х ԋƐṡ√╡Ќ꞉נẢ ὤἳ ṕˀ √╡Ќ* &

꞉Ɛṡқᴆỡṭױ˺ύḠʗŃảỜ ƐּׂשṡּׂשŦĊ˨ʗ'

ʮỒᶉŗčʮ,

?AG 1/6+.0 8 ŌȞ žūƊūŻƤȟȪ

ȧȠ
żŴƊŬƓƤȟȪƓƤȡȞȦ ȞȜū

ūƊů Żń ż &/_'

?AG 1/6+// 8 ŌȞ ž űƊŴƓƤȡȞȦ ȞȜū
ūƊů Żń ż &/`'

ṝƝᴔ* ȞȜū Ḵ№ṠʱĢЌ8 &kk'* ȟȪ Ɔ Ḵ№ẐŃ&kk'* ȧȠ Ɔ

Ễ ύḦơỡ ύᴔ…ˀ&kk' ŲȟȪύἣ * ȡȞȦ ắⱡ Ὓ8

ŕᶈ ỜḦ‴Ċ˨ ỡʮ&KN_' ,

ᵿ◓γ ƔṕỜ Ἑʱἕ Ċ˨ʗ ṕӒợ* Dge, 0

ҕẁčỡ ŴƊůȞȜū ҸẼȲỜ ƔЖỡ ӓƩύἕ ʗĪ

ọύ ʮ ὴ, *

ŌȰ žķȮȡȴ Żń ż &0'

ṝƝᴔ* ķȮ Ɔ ŴƊůȞȜū ỡȲỜᵿ◓γ ƔʱчἘ&kk
0'* ȡȴ Ɔ  

ƔỜ ӓĊ &˨L-kk0 ỡʮ' ,

0,0,0 CR?E ../

ỄγṕᴔʗḴ№Ờἕ Ċ˨Є ƝὛCR?E ../ ?llcv A

ṕ̮ЁŊừọх  ƔӒĊᶈṕ˨ѧƔ√╡Ќ꞉Ờἕ*

Ċ˨ЄἘẢ Ŋừʮ ṝƝᴔԋƐṡ√╡Ќ꞉Ờ Ɛּׂשṡ,

,ŦĊ˨ʗʮỒᶉŗčʮשּׂ

ŌȞ žŭƊŴȟȪ
ǔȣȠȡ

Ǖ ƓƤȡȞȞ ȞȜū
ūƊů Żń ż &1'

ṝƝᴔ* ȞȜū Ḵ№ṠʱĢЌ8 &kk'* ȟȪ Ɔ Ḵ№ẐŃ&kk'* ȣȠȡ Ɔ

Ḵ№Уứƨỡ&kk'* ǔ žŴƊūŻȣȠȡƋȞȜūż
ŴƊů* Ǖ žŴƊūŻȟȪƋȞȜūż

ŴƊŬ*

ȡȞȞ ứҢ ŕᶈ Ḧ‴Ċ˨8 & ūƊūŲȡȞȦ ỡʮKN_' ,

Fig. 3. Reversed cyclic loading profile by Petersen et al. [10]

Table 1. Test results of stirrup-reinforced anchors by Petersen 

et al. [10]

Anchor

diameter

Reinf. type

(No. of bars 

and spacing)

Loading 

type

Peak load

(kN)

a~vr 

(kN)

M19 2-D10@51mm

Monotonic
98.7

100.0
99.4

Cyclic
74.2

68.9
71.6

M25 4-D13@51mm

Monotonic
174.2

196.1
185.1

Cyclic

172.2

159.8

152.8

161.6

M25
2#4+4#3

@76mm

Monotonic

170.8

154.4

148.6

158.0

Cyclic

149.5

141.3

150.7

147.2
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1,

1,/

ӕṠųṕᴔʗ˲Ἐἕ Ċ˨Є þ ƝẼ Ḵ№ὼŃ

ṠʱĢЌ14kk&K14'* &ȞȜū Уứƨỡ' /6.kk* &ȣȠȡ' 06.kk

ợ√╡Ќ꞉ᶈ  ԇώ ĐЄ&/0.. /0.. 7..kk' 0 Dge,

ṕӒợҕẁčỡἣỰ Ṩʮ √╡Ќ꞉Ḧ‴Ċ˨2 , &ȡȞȦ ʗ'

ύᴚἡ Ṩọх ᵿ◓γғʱӨ Ɣỏ05KN_ * B/. &ķȮ ž

5/,11kk0 ỡ  ƔỐנẢ Ṩʮ ᵿ◓γỜĀĺỏ' , /..kk

ύ Ṩọх ĐỜ√╡Ќ꞉ԇώṕ ĐỜḴ№Єᴚₑ Ɲ/ 2

Ẽ ᵿ◓γỏ˲Ụԇώṕᴔױ ὼÿọύŮῡᴚₑ Ṩʮ,

ỡ̸ᵿ◓γỜẼₑṕ̮Γᵟ˗Đʗ ύŅ0.|1.kk

Ṩʮ ῦἳ ÿᵿ◓γ ƔỜӉ ϼ₄ἡỐ&Dge, 2&`'* &a' ',

Ẽ ṕӒợҕẁčỡḴ№Ἷả Đ ƔṕӉDge, 2&b' 2

ϼıỡύЄӨῢ Ṩʮ,

̍Ờ ἀṕᴔἣᶈ ķύЖ Ḵ№ṕˀ ᶌ ṕᴔ2 * K14

√╡Ќ꞉ּׂשṡּׂשŦþױʼ ώἙỏ˺ṐọȡḴ№ӕ Ờ

ʱọύᶌשּׂ ỡю́Ἳϡ˺Ṑʮ ỡṕ ṕӒợҕẁ, Dge, 3

čỡ Ḵ№ ṠʱĢЌK20 * &ȞȜū Уứƨỡ' /4.kk* &ȣȠȡ' 06.

ợᶈ  ԇώ ĐЄ″þύἣkk &/... /... 5..kk' 0

Ự Ṩʮ,

´₩1,0

Ḵ№ẁ Ḵ№ᶈ  Ờ√╡Ќ꞉Ḧ‴Ċ˨ᶌK14 K20 &

ᶈἜ  Ɣŗ Ḵ№Ờ ӓĊ˨'* Żȡȴ Ɖ ļȴ żẁợἀĊ Ż˨ȡȰ Ɖ ļȰ ż

Єÿÿ ṕἣᶈ Ṩʮ Ḵ№Ờợἀᶌ ṕᴔR_`jc 0 , K14

ʗᴘ ṕᴔổρ▲ױ Ụ̸ּׂשʱỡқᴆ ṝ ӓ42. KN_

Ċ˨Єỡćọύἣᶈ Ṩʮ,

(a) Plan (b) Sec. A-A

(c) Sec. B-B (d) Strain gauge

Fig. 4. Configuration of test block: M36 anchor, D10 stirrup
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Fig. 5. Configuration of test block: M42 anchor, D6 stirrup

Table 2. Strength of materials (unit: MPa)

M36 anchor M42 anchor

Conc.

ȡȞȦ

D10 Anchor Conc.

ȡȞȦ

D6 Anchor

ȡȴ ȡȰ ļȴ ļȰ ȡȴ ȡȰ ļȴ  ļȰ

30.8 445 542 640 - 28.6 339  560 505 641

(a) Loading pattern specified in ACI 355.2 and 

ETAG 001-C1 Zone

(b) An example for simulated loading for C2 Zone

Fig. 6. Alternate loading patterns
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ˏ ~1,1

ӕṠųṕᴔʗḴ№Ờ˲Ἐἕ Ċ˨Ờ þЄẼ ҈Ŵ

?AG 133,0Y4[ẁỄγỜ CR?E ../ ?llcv CY2[ ƝὛṕᴔἣ

ᶈ ύώюỜᶌ ҢҹỐῬ&qcgqkga os_jgdga_rgml rcqr'

► Ṩʮ ƝὛỏ ṕӒợҕẁčỡ, ?AG 133,0 Dge, 4&_' .,0|

ὗƝύҙӓ ὤỐþρ ἡἘἂ Єⱡ ἻŴ0,.Fx

ἕ Ċ˨Є þ ʗҢᶉỡʮ ƝὛỏύ, * CR?E ../

ώюỜᶌ ṕ Ờ Ċ˨ þЄ ὤ Ḷώ ύṞ ύṞŗ&A/ '

ĊώύṞ ύṞṕˀ ųӪ ṝἣᶈ Ŋừʮ ύ&A0 ' , A/

Ṟṕˀ þρҢҹỏ ẁ˲Ụ х ύṞṕ?AG 133,0 * A0

ˀ ᴔʗ ἡἘ ἕ Ċ˨Ờ ὤ ὤ/.# 03 * 1.# /3 *

ὤ ὤ ὤ ὤ2.# 3 * 3.# 3 * 4.# 3 * 5.# 3 *

ὤ ỡ ḕ ὤỐὺþᶈ↔ ḕּׂשŦᶈƩ6.# 3 * 3# 1

ύἜὺþρ ʗҢᶉỡʮ ӕṠųṕᴔỜᶌἣþρṭ, &A0

ύṞҢᶉЄ ṕṭᶈ Ṩʮ' Dge, 4&`' ,

Ḵ№ᶌ ỏ ғ Ңᶉю́ᵝ ṨọхK14 A/ A0 * K20

Ḵ№ṕᴔʗṝĤױ ҢᶉЖᵝ Ṩʮ ᶈ  ỜᴚₑʗA0 ,

ṕἣᶈ Ṩọх ˲Ἐþρᶈὗּׂשᵝʗю́Dge, 5 * .,0Fx

ЄἘẢ Ṩʮ,

ŏƛ2,

₩ Ǔ2,/ +

ἡἘᶌ ṕỜ ғ Ḵ№ᶈ  Ờ ὤ ӉẼK14 K20 +

ᴘ˨Є ṕṭᶈ Ṩʮ Ḵ№ᶈ  ʗ√Dge, 6&_'* &`' , K14

╡Ќ꞉ỜּׂשṡּׂשŦþễḞọύ ợ˼ἡ˨ύỡϧṄώỡ

Ḵ№ӕ Ờּׂשʱỡқᴆ Ṩʮ Ḵ№ӕ ּׂשʱắợṕ,

ˀ ᴔʗ ᴘ ɤѪY7[ṕἣᶈ Ṩʗ˘ ṠᴡӨἴọύợ*

ợἀּׂשŦύӪᴕ˺Ṑʮ ҙч ᵿ◓γὼŃғṠʱĢЌ, *

þױˀἘọύỰỏ Ḵ№ᶈ  ʗḴ№ỜּׂשʱỏқᴆK20

ύḠŊ√╡Ќ꞉ּׂשṡּׂשŦύᶌ ỡἻϡ˺Ṑʮ ̮Γᴔ,

ṕԋ ṕᴔʗᴹᴡųĀƩύ˨ʳ ỡDge* 6&_' Dge, 6&`'

 Ɣỡּׂשʱ˼̸ƩύṠᴡĢ˲ỐӒṨʮ,

Ḵ№ṕˀ Ờ Ңᶉᶌ ṕᴔʗK14 Dge, 4&_' A/

ҙӓ ὤἂ Ἳϡ √╡Ќ꞉ỜƐṡỏĢỜқᴆ ύḠḨ

ọх ỡ ἡἘþρṕỜ ὤ ӉẼᴘ˨ʗ ṕ* + Dge, 6&a'

Ӓợҕẁčʮ ὴ ἡἘᶌ ŗỄנ ,ỐӒṨọхṞᶈױ *

Ḵ№Ờּׂשʱọύᶌ ỡἻϡ˺Ṑʮ,

ғ Ḵ№ṕˀ Ңᶉþρ ṕỜK14 K20 A0 &Dge, 4&`''

ὤ ӉẼᴘ˨̜Ố ṕἣᶈ Ṩʮ ṕᴔ+ Dge, 7 , Dge, 7 &)'Fig. 7. Setup of dynamic shear test

(a) M36 anchor: static (b) M42 anchor: static (c) M36 anchor: C1 static loading

Fig. 8. Load-displacement curve: static and C1 loading tests
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ὤŗӉẼʗ√╡Ќ꞉ԇώỜʱӨҢ ṕ ʼ˻ʮ, A0

Ңᶉþρᶌ ṕᴔ˨ Ḵ№ᶈ  ʗּׂשṡּׂשŦþױʼK14

қᴆ Ḵ№Ờּׂשʱọύᶌ ỡἻϡ˺Ṑʮ ғ, K14

Ḵ№Ờᶌ ṕᴔ…ἻּׂשŦṭЄ ṕἣᶈ ṨọK20 Dge, /.

х ἡἘғ Ңᶉṕᴔ˨ּׂשŦ נỏˀ ύỄױ Ṩʮ …* A/ ,

ˀ ὤṕ˨ʳ ᶈἜṕᴔᵿ◓γ Ө√╡Ќ꞉ʗԋŮἘ

ĤἙ ЄỄύ▲ױ Ṩʗ˘꞊ ᶈ   ỡʗ& K14 '* B/.

 ƔỜ ᵿ◓γŗ ʱӨ  Ɣ ỡ Ө √╡Ќ꞉Є&cbec `_p'

ἘἚ ųᴺ ṨƝ̸Ѫọύּאʱ˺Ṑʮ,

2,0 ℮ Ǔ´₩

ғ Ḵ№ᶈ  ỜἡK14 K20 ˲Ἐᶌ ṕỜ שṡּׂשּׂ

ŦĊ˨Є ṕἡЌ Ṩʮ ṕἣᶈ˻Ċ˨ʗR_`jc 1 , R_ j̀c 1

ʱӨҢ ọύỜ…ˀ ὤỐƝὛọύ Ṩʮ Ḵ№ᶈ, K14

 ʗἡ ˲Ἐᶈ ю́Ḵ№ӕ Ờּׂשʱọύᶌ ỡἻ

ϡ˺Ṑọȡ ʼױŦþשṡּׂשּׂ ώἙ˻Īọύ ợ˺ṄḴ№*

ʱᶈשּׂ ὤỐּׂשṡּׂשŦĊ˨ύĀὗ Ṩʮ Ḵ№, K14

ᶈ  ̜ᵿ◓γ Ɣ& 8 B/.* ȡȴ ž ṠʱĢЌ223KN_* /6.

ṕԋ Ḵ№ᶈ  ̜ỡȮỏּׂשṡּׂשŦĊ˨ЄӒkk' K20

ỡʗĪỏױˀἘọύỰỏʱчἘỜᵿ◓γ Ɣ 'Ả&B4נ *

 Ɣ ӓĊ˨ Ờ ῡỡ ƒЌŊ ṠʱĢЌ&117KN_' &/4.kk'

þᾏỏĪṕƝợ ʗĪọύ þ˺Ṑʮ,

ғ ύӨ◓ᶈ  ̜ὤ ỏR_ j̀c 1 Dge, 6 K14+A/+/ K14+

ғ ṕԋ …ˀ ὤỡ ỏA/+0 +1 /6#* K20+QR+/ K20+

ṕԋ ȮỏćỐӒợʮ ỡʗᶌ ҢҹṕỜQR+0 /5# ,

ῡỡӒʮʗ√╡Ќ꞉ἂϡ꞊ᴡױợἀĊ˨ỜӉ˲ᴡ ἣ*

ỰṴῡṕỜ ᵿ◓γỜ Đ̠ῡỡ ṕ̡Ờ Īọύɦּא х˺*

ᶈ  ʗḴ№Ờ ợἀּׂשŦқᴆ˨ỡή ῡỡЄӒK14

ỡʗắợọύּאʱ˻ʮ,

ọύӨ◓ Ḵ№ᶈ  Ờ ҢᶉṕỜ ἕR_ j̀c 1 K14 A/

Ċ˨ʗἡἘĊ˨Ờ ҤύᴔĢỜỄנ Ċ˨Є.,76 * A0

ҢᶉṕỜ ἕ Ċ˨ʗ ҤύṞᶈĢỜỄנ Ċ˨Є/,.1

Ӓợʮ Ḵ№ṕᴔʗ ҢᶉṕỜ ἕ Ċ˨þ, * K20 A0

(a) M36-C2-1 (b) M36-C2-2 (c) M36-C2-3

(d) M42-C2-1 (e) M42-C2-2 (f) M42-C2-3

Fig. 9. Load-displacement curve: C2 type loading

(a) M36 anchor (b) M42 anchor

Fig. 10. Fracture shapes of specimens: C2 type loading
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ἡἘĊ˨ˀԋ Ҥ╣ćỐӒṨʮ ᶈ  Đᵝþἣ/,/2 ,

ἘỡύЖ ˲ἘĊ˨þἡἘĊ˨ṕԋ ȮύʗḠŊ˲̡*

͘ʗἳƘ╣ᵝὛỜĊ˨ЄċʗĪọύ þ˺Ṑʮ ̮Γ,

ᴔᵿ◓γӒĊḴ№Ờ˲ἘּׂשṡּׂשŦĊ˨ʗἡἘĊ˨ύŊ

π ᵝừỐĪọύּאʱ˻ʮ,

ʛ2,1

ғ Ḵ№ᶈ  ỜἡἘғ þρҢᶉᶌ ọK14 K20 A0

ύӨ◓₄ἡ˻ᵿ◓γ ƔỜӉ ϼỐ ṕἣᶈ ṨR_`jc 2

ʮ  ƔọύӒĊ Ḵ№ᶈ  ṕᴔʗ…ˀ ὤṕ, B4 K20

ᴔ ƔỜӉ ϼỡУả№ᴔἡἘ…ˀ ὤỜḶ ᵝ7.#

Ὓợ ṕᴔỜӉ ϼύӪᴕ Ɲύ ʮ7.iL ,

Ḵ№Ἷảᵿ◓γỜ ƐӉ ϼỐ ṕ˨ᶈ ṨʮDge, // ,

ᵿ◓γ  ƔỜ ӓӉ ϼỏ Ḵ№ ᶈ  ṕᴔʗK14 ǘȴ;

0*013 /.+4 ᶈ  ṕᴔʗ* K20 ǘȴ;/*5.. /.
+4ỡʮ, Dge, //

ṕᴔḴ№ύӨ◓ ŴƊůȞȜū ỡȲỜᵿ◓γỏ ӓṕỡЁŊḴ№

ύӨ◓ĢЌþὺþ ṕ̮ΓӉ ϼỏᴘ Ἐọύąᴹ

ʗĪỐӒợʮ ̮Γᴔ ƝὛṕᴔ ƔỜἕ Ċ˨, ?AG 1/6

ύŊπ ̸ ŴƊůȞȜū ỡȲỜᵿ◓γЖỐŊπ ʗĪỏḞἙ

₄ỜἝƔỡ˽Ốḡᵝừʮ,

Table 3. Summary of static and seismic qualification test results

Anchor Specimen Loading ȡȞȦ  (MPa) Stirrup ȞȜū  (mm) ŌȰ  (kN) Mean ŌȰ  (kN)

M36

M36-ST-1

M36-ST-2
Static

30.8 D10@100 180

145.1

152.1
148.6

M36-C1-1

M36-C1-2

M36-C1-3

Dynamic

(C1 type)

130.3

153.1

153.4

145.6

M36-C2-1

M36-C2-2

M36-C2-3

Dynamic

(C2 type)

156.5

146.2

155.9

152.9

M42

M42-ST-1

M42-ST-2
Static

28.6 D6@100 160

109.4

 93.8
101.6

M42-C2-1

M42-C2-2

M42-C2-3

Dynamic

(C2 type)

116.5

118.6

112.9

116.0

Table 4. Measured strain of stirrups

Specimen ID
Load

(kN)

Strain (×10-6)

SR1 SL1 SR2 SL2 SR3 SL3 SR4 SL4

M36-ST-1

M36-ST-2

145.1

152.1

4,571

3,770

4,114

2,230

1,847

1,394

1,767

1,249

131

161

769

 85

-142

 237

-184

 -62

Average 148.6 3,671 1,564 287 -38

M36-C2-1

M36-C2-2

M36-C2-3

156.5

146.2

155.9

2,519

2,365

3,725

3,271

2,269

5,502

1,424

1,507

1,578

1,597

 862

1,779

514

664

369

638

474

698

224

 41

 55

  8

-274

 56

Average 152.9 3,275 1,458 560 18

M42-ST-1

M42-ST-2
90.01) 1,790

3,256

2,091

3,143

1,477

 642

1,001

1,230

-1,850

-3,249

-2,277

-2,045
N/A N/A

Average 2570 1088 -2355 -

M42-C2-1

M42-C2-2

M42-C2-3

90.02)

1,648

3,965

1,964

2,215

2,115

2,756

 792

1,104

1,295

 728

1,264

1,142

-1,581

-1,811

-1,683

-2,394

-2,503

-1,534

N/A N/A

Average 2,444 1,054 -1,918 -

Note: 1) Average maximum load is 101.6kN, 2) Average maximum load is 116.0kN




