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Abstract 

Along with the rising number of timeworn buildings, seismic retrofitting has 

become one of the most urgent issues in the field of disaster mitigation recent years. As 

a newly developed reinforcement technique, external structure strengthening system 

enhances the structural seismic performance by externally constraining the existing 

structure with a new one. Furthermore, storey-adding rehabilitation can also be 

implemented in conjunction with the strengthening system, which provides possibilities 

for the application of the tuned mass damper method by the insertion of an isolation 

layer between the upper structure and existing structure. However, there still exists little 

research or technical guidelines to evaluate the seismic performance of the whole 

structural system. In this paper, the seismic performance of a shear wall structure 

reinforced by external structure and mid-story isolation system is investigated by 

shaking table tests. The main contents are summarized as follows: 

Shaking table tests were conducted on 1/6 scale model of a 14-storeies shear wall 

structure with external structure reinforcement and an additional 2-storeis steel frame on 

the top. The investigation focuses on the comparison of the buildingôs response under 

different level of ground motions when it is considered with and without the isolation 

layer. The results indicate that the retrofitted structure remained high performance 

throughout the test. Bonded by tie bars, the external structure worked well with the 

existing structure, and no disjunction appeared during the tests. The isolation system 

successfully reduces the seismic response of the main structure without amplifying the 

response of the upper structure. 

Numerical analysis was performed utilizing ABAQUS software to simulate the 

shake table test. The simulation results agree well with available experimental results. 

Further analysis demonstrates that the external structures experience comparably large 

overturning moment and the foundation connection is weaken during earthquake; and 

that the detrimental storey drift ratios are relatively large in lower stories, yet still 

remain within the limitation of the construction code. The concrete damage mostly 

appeared in lower floors and walls with discontinuous openings. 

 

Keywords: external structure strengthening, story-adding isolation system, shake table 

test, inelastic time-history analysis by ABAQUS 
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1   

1.1 ӎ 

҉ҕ ҂ῇ ̆ף ̆ῐ ԅ

Ȃ ԍ ץ̆ ױֲ ԍ ӎ̆

⌠ Ȃ ѿ № ԍ 1974 ȇ ҙҍ

Ȉ₮ ӊ╠ ̆ ̆ Ҥ ῃ Ȃ

ғ ׅ ╠ ̆ѿ֓ ҹ

̆ ԍ ᵬ Ҍ ̆ ᵞᵀ ᵬ Ȃ

Ẓᵞ̆ ץ ⅞ Ȃ ̆

̆ ֓ Ҍ Ҥ ᷅ ץ ֲҹ ̆ ȁ

‟ ȁ ȁ ҍ ᵬ ̆ ῀ԅ Ȃ

ȁ ᴆ Ҍ ̆Ҥ

Ȃҍ ̆ ѿҩ Ȃ1976

Ҭ̆ ṕ 322҆ 2̕008 ̆ ṕ 536.25̓ ̆ 2142.66

҆ [1]Ȃң ᴴ֙ ̆ ҕ Ȃ ץ ̆ ֓

ᵬ Ҍ ӏ ̆ῒ ֗ ҍ Ȃ 

̆ ױֲ ̆ ԍ ⱳ Ӟ Ȃ

̆ ̆ ᾣ ̕ ᶏ

ȁḠ ȁ ȁ ȁ ̕ Ҭ

ȁ Ȃ ֓ⱳ ҂ ף ױ Ҍ

̆ ᶏ ף Ȃ 

ԍ ֓ ῃ ץ‰ ױֲ ⱳ ̆

ῒ Ȃᵖ ̆ ̆ѿ ≠

̆ ѿ ↕ ⌠ ᶏ ⱳ Ả Ȃ ӄף ̆

ᵖ ׂׅ ̆ Ҍ ף ᵬ Ȃ ĺĺ ֤

ȁ ȁ ȁ ֟ ץ̕ ѿ֓

ᵟ ̆ѿ ↕ ⌠ ȁ ễ ̆ ̆Ҍ ‗Ȃ

̆ ⱴ ̆ ῃ ⱴ ף ⱳ ѿҩ

̆ѿ Ḡ ֟ ̆ ѿ Ḡ ̆

ף Ȃ 

ҹ ֤╠҈ ѿ 14 ᵟ ̆ ῐ ԍ҉ҕ 70

̆ף ҹῤ ◄ⱬ ̆ ̕ᵖ ֤ԋ

ῤץ ̆ғ ׅ ̆ Ҍ Ȃ ̆
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ⱴ ̆ ᵣ ̕ ̆ҹԅ ⱳ ̆

ⱴ Ȃ ◄ⱬ ⱴң Ȃҹ ≠

̆ ⱴ ⱴ ̆ ◄ⱬ ҍ

̆⁞ ᵬ Ȃ 

2012 5 31 ₮ ȇ ⱴ ↕̂ Ȉ̃Ҭ̆

₮ԅ ᵣ ⱴ ȁ ᵣ ⱴ ₀ ⱴ ȁ

⁞ ⱴ ⱴ Ȃᵖ ̆ ῤ ◄ⱬ

ⱴ ‰̆ӞҌ ԍӊ╠ ῒז ⱴ ᵣ ̆

ⱴ ѿ ↓ Ȃ ̆

ѿ ҹ ᵣᵟ ⱴ ̆ ѿ ҹ ₮

◄ⱬ ⱴ ᶫ ᶭ Ȃ 

1.2 Ὺ  

1.2.1 ꜘ  

ᴪ [3] ̆ ῤ ⱴ ῍

28 Ȃ ᵣ ҹ№ץ ⱴ ᴆ ̆ └◄ⱬ ᾟ

̆ ⱬ ̆ ῤȁ ȁ ȁ ⱴ ̆

ץ ⱴ Ȃ ⱴ ₃ ѿ ⱴ

̆ Ҭ ѿ Ȃ ӈ̆ ⱴ

̆ ľ Ŀ ῤ Ȃ ῒ ⱬ

῏ Ҍ ̆ №ҹץҊ₃ [4]̔ 

̂1̃№   ᵣҍ № ̆ №

≢ Ȃ ᶭ ̆ ᶭ

ⱴ Ȃ ⱴ ̆ᴰⱬ ̆ ғ

̆ └ ̆ Ȃᵖ ̆ ԍ ̆

ᵣ ҉↨Ҋ ̆ ̆ ԅľ Ŀ ̕ ⱴ

Ạ Ҍ ̆ғ ̕ ᵬ Ҋῤ Ҍѿ ̆

ԑ ȁ ’Ȃ [5]̆

Ҥ ̆ Ȃ 

̂2̃ ᵣ   ĺĺ ȁ

ȁ ȁ ᾝᴆ ĺĺ ҍῤ ̆ ᵣ

ᶷ ⱬȂ 1-1ҹѿҩ ᵣ ѿҩ └ ⱬ ₀

ⱴ Ȃ≠ ᴆᶏ ᵬ̆ԑ ᴰ ᵬ ̆

ҩ Ȃᵖ ̆⌠ ╠ҹ ̆ ᵬ ֽֽẢ ҉
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̆ ԍᴰⱬ Ҍ ץ ̆ ῤ ᴰⱬ

’̆Ӟ ᵀץ ‰ ῤ ⱬ ’Ȃ 

 

 
1-1 ᵣ ⱴ  

 

1.2.2  

ᵣ ̆ ᵬⱴ ⁞ ̆ ᴰ ҍ

̂TMD̃ ѿ ꜚ └ Ȃ Һ ҉

ⱴ ҍ ӊ ⱴ ̆ TMD Ҭ ȁ ҍ ᾝᴆ

№≢ ⱴ ȁ ↨ ҍ ᾝᴆ№≢ף Ȃᴰ

ᵣ ҹ ̆ᵖ ԍѿ֓ ⱴ ץ Ҍ Ḃ

̆ ⌠ԅ └Ȃᵬҹ

ᵈ̆ ԅ ᵝ └̆ ץ

̆ ԍ Ҍ ↕ ȁ ̆Ҍ

Ḃ ץ ⱴ ҬȂ ҹ

ԅ ̆ ⌠ ῏ Ȃ ⱴ

Ҋ̆ ᵬҹ ף └ ҍᴰ ⱴ ̆

╠ [6]Ȃ 

ᵣ ∆ ԍ҉ҕ 90 Һ̆ף TMD

̆≠ ȁ ᵬҹ №Ȃ 
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Villaverde R Mosqueda G
[7] ᵬҹ ̆ ѿҩԓ

2.44m ꜚ ̆ № ԅ ᵣ ҍ

Ȃ ̆ ⁞ ̆ғ⁞

‗ԍ Ȃ ᶏ ᾝᴆ ҍ

ѿ Ẓ ̆ Ӟ ᵬ ̆ҹῒ ᶫԅ ≠ ᵠ Ȃ

ҹ̆ᶏ ᵬ ̆ ᵣ Ȃɒ҉ץ7% ̆

Ҍⱴ ╠ Ҋ̆ Ҍ 15 ̆ ᵣ

⁞ Ȃ 

Villaverde R
[8] ѿҩ 13 ᵣ ̆ ᵣ ҍ

Ȃ ₮ԅΐᵣ ҍ Ȃ ̆ᶏ

⁞ ᵬ Ҋ ᴴȂ ᵬ Ҋ̆ ᵝ ̆ᵖ

Ҍ ₮ ᵝ ṿȂ ᶏ ҍ ҍ ץ

ѿ ῤ ̆ Ḃ Ҭ Ȃ ᵣ

⁞ Ҭᵞ ̆ Ḃ ̆ṿ Ȃ 

ȁ ´ [9] ԅѿҩ 6 TMD ⱴ ⁞ ꜚ

Ȃ ⱴ Ҋ ҩ ̆ ⱴ El Centrô NS̆ 1940̃

̆ ⱴ TMD ⱴ ҍᵝ ⁞ Ȃ

ѿҩ 7 ⱴ ṿ ̆ ◄ⱬ⁞ ԅ

30%Ȃ 

∆ ҉̆ѿ֓ ῀№

̆ Ҍ ₱ ̆ ₮ԅ ᴨ Ȃ 

Rana R Soong T
[10]

TMD ̆№≢№ ῍ ᵬ ̆El 

Centro ᵬ ҊҌ Ȃ ҍ

̆ ₮ԅ ѿ Ȃ ∆

ԅ Ȃ 

Katsuhide M ֲ[11] ᵣ ҹ ̆ ₮ԅ

Ȃ ₱ ῀ף ̆ ԅ

ҍҊ ᵬ Ҋ Ȃ ⌠ ҍ №

ȂKobayashi M Koh T
[12,13]Ӟ≠ ̆№ ԅ ᵣ

ҍ ̆ ₮ԅ Ȃңֲԍ 2004 ṿ№

ҍ ꜚ№ ̆ ԅ ᵣ [14]Ȃ 

Chang K
[15] ╠ֲ ҉̆ ₮ԅ ҈

Ȃ ᴇ № ̆ ₮ԅ ᵣ Ȃ

̆ ҉Ҋ ̆ Ҍ Ȃ
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ꜚ ҍ № ̆ ԅ ҉Ҋ

╠ Ҋ̆ ᵣ └ Ȃ 
[16] ⁞ ᵬ ԅ № ҍ ץ̆

ᵬҹ ₱ ̆ ₮ԅ ⁞ Ȃױז ₮̆ ᵣ

⁞ Ҍ ᵣ ̆⁞ ѿ ԍ 10%-40%ӊ ̆ᵖ

̆ ̆ ̆ ԍ ↨ ȁ ⱴ Ȃ 

ֲ[17] ₮ԅ Һ ⱴ ᴨ

Һץ̆ ҍⱴ ⱴ ᵝ ҹ └ ̆ ᴨ

Ȃ ⁞ ң ץ ⌠ ᵣᴨ Ȃ 

╤ ץ[18]ֲ ↨ ҍ ҹᴨ ץ̆

ṿҹ ₱ ̆ ₮ԅ ԍ ⱴ ⁞ ᵣ ᴨ Ȃ

ѿ ᶛ ᴨ № ̔ ₱ ҹ ̆

ץ ⌠ ⁞ Ȃ № Ӟ ₮ ̆

ᵣ ԅ ᴨ Ȃ 

֓ ̆ ӊ╠ ҉̆ ῤ ᵣ ԅ ⱴ

῀ ̆ ԅ ᵣ ↨ ȁ ̆

№ ԅ ᵝ ̆ ῒ ⌠ ҬȂ 

Ԑ[19]ץΈ ҹ ԅ ꜚ ̆

Bouc-Wen ⱬ ԅ ̆ ₮ԅ

Ȃҍ ΐ Ȃז ԅ҉Ҋ

ȁ↨ ȁ ᵣ ⁞ ̆ ѿ

̆ ₮ԅ Ȃ

̆⁞ ̆ ⌠ Ȃ 

ֲ[20] Ҍ ᵝ ̆ᴨ ̆

ᴨ ṿ ꜚ Ȃ ̆ ᵣ ⁞

ᵞ ̆ ᴨ └

̆ᵖ ↨ Ҍ ̆ Ҭ

ᾛ ѿ Ȃ 

1.2.3 ꜠  

Ҍ ⱴ ̆ ᴪ ⱳ Ӟ Ҍ Ȃ

₮ ԅ ṿ ̆ ԅ ֽ₡ ץ ‗

̆ ῀ Ȃ ꜚ ᵬҹ ӊ ̆

Ῥ ᵬ ̆ Ҍ ᵬ Ҋ ꜚⱬ

ᴴ ’Ȃ ῤ ṿ ᵣ ̆№ ᵀ ᵣ
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̆ ԅҌ ̔ 

El-Attar A ֲ[21] ԋ ҕ ∆ ῖ ₀ Ώ ԅ

1/8 ̆ ֓ ȁ ȁ

Ҍ Ȃױז ⱴҌ ṿ Taft ̆ Ȃ

̆ Ҭ ᵬ ↨ Ҋ ̆ Ȃ ԍ ̆

P-Ў Ȃp ṕ ̆ ᴴҺ Ҍ

Ȃ 

ֲ[22] ѿ 50 ᵟ ԅ1/30 ꜚ

Ȃ Ҭ̆ 7 ᵬ Ҋ Ḡ ֽ̆ ₮

̆ ⌠ ̆ ₮ ◄℗ Ȃױז

ԅ ᵀ̆ ₮ԅⱴ Ȃ 

ֲ[23] ֤ LG ԅ 1/20 ꜚ ̆

- ᵣ ̆ └ ҍ ₀

Ȃ ꜚ Һ ꜚⱬ ץ 8 ᵬ Ҋ ꜚⱬ №

ԅ ȁ Ȃ ᵣ ᵀӊ ̆ ₮ԅ

Ȃ 

ֲ[24] ѿ ȁ Ҍ ↕ ₀ ◄ⱬ

ԅ 1/15 ꜚ ȂҺ ꜚⱬ ȁҌ ’Ҋ

ꜚⱬ Ȃ ᵌ῏ ԅ ᵬ ̆ ῀ ῒ

Ȃױז ҹ Ҍ ῒ ̆ ₮ԅ

Ȃ 

ᵥ ֲ[25] ԅ 1/40 ꜚ

Ȃ ῤ ҍ ̆ ῤ ҉̆ңң ֜Ȃ

₀ ₀ ̆ Ȃ

ѿ ̆ᵖ ᵣ ̆ 8 Ȃ 

1.3 Ӏ Ὺ  

֤╠҈ ◄ⱬ ⱴ ⱴ

ꜚ ҍ ṿ ̆ ᵀ ⱴ ⱴ Ȃΐ

ᵣ ῤ Ҋ₃ҩץ ̔ 

̂1̃ ꜚ   └ᵬ ꜚ ̕

ꜚⱬ ̆ ᵣ Ȃ ̆ ₮

’ҍ Ȃ ꜚ ̆ ̕ 

̂2̃ ꜚ №   ꜚⱬ ȁⱴ ᵝ ȁ

ᵝ ȁⱴ ȁ ₀ ̆ ȁ
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̆ ᵀⱴ ῃ ᵣ ̕ 

̂3̃ ꜚ ṿᴏ №   ABAQUS ᴆ ꜚ ṿ

ᴏ № ̆ ҉̆ ѿ ⱴ ץ

⁞ Ạ₮ ᴇȂ 



ҙ ᵝ  

-8- 

 

2  ꜘ ꜠  

2.1  

ꜚ Ῥ ᵬ ̆ҹ Ҍ

ᵬ Ҋ ꜚⱬ ᴴ ’ ᶫԅ Ȃᵬҹѿ ӊ

̆ ꜚ ṿ ᵣ ץ̆ № ᵀ

ᵣ ԅҌ [22-24]Ȃҹԅ

̆ ⱴ ̆ ֤╠҈

ᵣⱴ ꜚ ȁ ̆ ’

ᴰ ̆ Ȃ 

ҹ ᵣ ⁞ ̆ ȁ

Ȃ ԍ ᴆ ̆ ↨ ҍ

̆ ῒ ⱴ ̆ № Ȃ 

ב 2.2  

ҹ ֤╠҈ ѿ 14 ᵟ ̆ ῤ

̆ ҹ ◄ⱬ ̆ ῤ ҍῤ ₀ ̆

ᶏ └ ₀ ̆ҹ ̆ ‰ 2-1

Ȃ ԍ҉ҕ 70 ̆ף ̆ Ҋץ ̔ 

̂1̃ ҹ ̆ ѿ ҹ ̆ ̕ 

̂2̃ ₀ ᵞ̂ C13̃ ̆◄ⱬ ◄ ⱬ Ҍ ̕ 

̂3̃ ̆ҹ 89 50%̕  

̂4̃ ҹ └ ̆ ᵣ ̕ 

̂5̃◄ⱬ ᴆȂ 

 
2-1 ‰  
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ᵖ ֤ԋ ῤץ ̆ғ ׅ ̆ Ҍ

Ȃ ̆ ԍ ҹ 8 ֤ ̆ №

ⱴ ῃ ̆ ᵣ ⱴ ̆

ᶷ 1.0 ~1.5 └ ₀ ᵣ̆ ҹ ̆

ᵣ ⱬ ⱴ̆ 2-2 Ȃ ⱴ

҉ΐ Ҋᴨ̔ל 

̂1̃ └ ₀ ̆ ̕ 

̂2̃ⱴ Ҍ῀ ̆ ̕ 

̂3̃ Ḡ ̆ ҹ ᶫᾟ№ ᵩ ̕ 

̂4̃ ҹץ ȁ ᶫ ᴆȂ 

 

 
2-2 ⱴ  

 

̆ҹԅ ⱳ ̆ ⱴ Ȃ ◄ⱬ

ⱴң Ȃҹ ≠ ̆ ⱴ ⱴ [2]̆

◄ⱬ ҍ ̆⁞ ᵬ Ȃ 

ץ ҹ ꜚ Ȃ ҉ ̆ ◄ⱬ

ⱴ ӎ̆ ῒᴰⱬȁ ⱬ ץ Ȃ

̆ ҍ ṿ № ̆ҹׂ

ⱴ ᶫ Ȃ 

2.3  

҈ҩ ҹ 9.9m¦12.66mm̆ 46.4mȂ ⅞

8 ̆ ⱴ ṿ ҹ 0.4gȂ

ᶏ ₀ ҹ C15̆ ԍ ӄף ̆ ᵌ ⁞ҹ C13̆

₀ ҹ C30Ȃ 

ꜚ Ҭ ⱬ ҍ ꜚ
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Ȃ ꜚ 5m¦5m̆ ⱬ 25t̆ ᵝ ṿ 80mm̆

ⱴ ⱴ ṿ 1.0gȂ ԍ ⌠ ꜚ ⱬ └̆

҈ҩ ‰ ᵬҹῖ ᾝ̆ Ȃ

ңᶷ ⱴ ᵣ̆ ץ ̆ └ᵬ̆

ҍ Ȃ ᶷⱬ ҹ ̆ ⅞

ᵬҹ Ȃ 

2.3.1 ᵒ √  

ꜚ ꜚ ⱬ ץ̆└ ᵌ ᴆ

Ȃ ԍ № ̆ ῃ № ᴆ ⱬ

№ ̆ Һ ᶷⱬ ᴆ ᵬ [26]Ȃ 

ᵌ ᴆ № ҍ № Ȃ ԍ ӊ

₱ ῏ ̆ ᶏ № Ȃ ꜚ

⌠ ̆ ₱ ῏ ҹ ̆

№ ҹ Ȃ 

[27] ̆ ꜚ ᵌ ᴆ ȁ ⱬȁⱴ

ᵬҹ ᵌ Ȃ ԍ ⌠ ꜚ └̆ ᵌ

1/8~1/6ӊ ̕ ̆ ⱬ ᵌ

1/3~2/3ӊ ̕ ⱴ ⱬȁ ꜚ ’ ̆

ⱴ ᵌ └ 1~2.5ӊ Ȃ 

҉ץ ̆ ᵌ ҹ 1/6̆ ҹ M7.5

ῤ ◄ⱬ ̆ M15 ̆ ⱬ ᵌ ҹ 0.62̆ Ȃ

ῒᵩ ᵌ῏ ѿ Ȃ 

2.3.2 ָ  

ᵌ Ҭ̆ Buckingham ́
[28,29]̆ ᵌ Sr

῏ ̂2-1̃ ̆ 

 E L aS S S Sr= Ö Ö ̂2-1̃ 

Ҭ  ES ĺĺ ᵌ ̕ 

LS ĺĺ ᵌ ̕ 

Srĺĺ ᵌ ̕ 

aS ĺĺ ⱴ ᵌ Ȃ 

Ҭ̆ ⱬⱴ ᵌ gS ṿ ҹ 1̆ Ȃ

Ҋ̆ Ḡ ⱴ ѿ ↕̆ ⱴ ᵌ aS Ӟ 1a gS S= =Ȃ
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̆ ᵌ ῏ ҹ̔ 

 E LS S Sr= Ö ̂2-2̃ 

̆
mS ҹ̔ 

 

2
3 2E l

m l E l

a

S S
S S S S S

S
r

Ö
= Ö = = Ö ̂2-3̃ 

̆῏ Ҭ ES ҍSr ̆ └Ҋ̆ ҩ

̆ ₮ ԍ Ȃ ̆ҹ

ԅ ⱬ ҍ Ҍ ̆ ֲ Ȃ ֲ

̂2-4̃̆  

 
2m a

E l

p

m m
S S

m

+
= Ö  ̂2-4̃ 

Ҭ  mm ĺĺ ̕ 

am ĺĺ Ҭ ֲ ̕ 

pm ĺĺ Ȃ 

ᾝ № ̆ ҹ 7.62t̆ ҹ

1862tȂ Ὲ ̂2-4̃ ̆ ⌠ 32.07t̆ ₮ԅ

ꜚ └ 20t̂ 7t̃ Ȃ ԍ ᵬ Ҭ̆

Һ ◄ ⱬ̆ ⱬ Ҍ ꜚ ‗

Ȃ ̆ ץ [30]̆ ꜚ Ҍ ╠ Ҋ̆

ⱴ ץ № ⱬ Ȃ ̆

ֲ ҹ 10t̆ Ҭ ҍ◄ⱬ ᶛ№ ⌠

ҬȂ 

̆ ԍ Ҍ ̆ ᵬ ◄ⱬ ᵌ ԍ

ҍ ᵌ ̆Ҍ ’ Ҋ Ȃ

̆ ⱴ ᵌ῏ ץ ᵬ Ҍ Ȃ ῀

ֲ ̆ῒ Ὲ ̂2-5̃ ̔ 

 ( ) /m m a mm m Vr= +  ̂2-5̃ 

Ҭ  mr ĺĺ ̕ 

mV ĺĺ ᵣ Ȃ 

↕ ᵌ S
r

̂2-6̃ ̔ 

 3

7.62 10
216 2

1862

m a

p l

m m
S

m Sr

+ +
= = ³ º

Ö
 ̂2-6̃ 

₮ ⱴ ᵌ aS ̔ 
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0.62 6

1.86
2

E
a

l

S
S

S Sr

³
= = =
Ö

 ̂2-7̃ 

̆ ᵌ tSҹ̔ 

 
1

0.3
6 1.86

l
t

a

S
S

S
= = =

³
 ̂2-8̃ 

2.3.3 ᵒ ẅ 

╠ң ᵌ ∆ ҍ ṿ̆ [31-34]Ҭ ᵌ

̆ ᵌ LS ҹ 1/6̆ ⱬ ᵌ Ss=0.62̆ ⱴ ᵌ ҹ 1.86Ȃ 

Buckingham ˊ ̆ ῒז ҉ ҈ҩ ҹ ҩ

ˊ ̆ ῒᵩ ᵌ῏ 2-1 Ȃ 

 

2-1 ᵌ῏  

 ᵌ῏  ᵌ  

₃ᵥ  LS  1:6 

 ES  0.62:1  

ⱴ  aS  1.86:1  

 0.5 0.5

t /L aS S S=  0.3:1  

ⱬ ES Ss=  0.62:1  

 Se 1:1 

 Sx 1:1 

 / ( )E L aS S S S
r
= Ö  2:1 

 

2.4 ┼ᵲ 

ᵌ῏ ̆ Ȃ ᵌ ̆

ҹ 1650mm¦2110mm̆ 483.3mm̆ 7733mmȂ ᶷ

ҍῤ ӊ ̆ ᵣ ̆ ץ

Ȃ ◄ⱬ 2-3 ̆ 2-4 Ȃ 
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 a) ѿ ԓ ᾝ  b) Έ ᾝ  

2-3 ◄ⱬ  

 

 

2-4 ѿ  

 

ᴆ̆ └ᵬҬ ҹM7.5 ῤ ◄ⱬ ̆

M15 Ȃ └ᵬҬ Ҍ Ҝ Ҝ

Ҭ ̆ Ḡ ҍ Ȃ 0.8@13¦13



ҙ ᵝ  

-14- 

 

Ҝ ̆ 1.9@25¦25 Ҝ Ȃ Ҭ Ҭ ̆

ᵝ 1.5@25¦25 Ҝ ̆ף 150mm

◄ ̕ ԍ ̆ ԍῒ ̆ 1.5@25¦25 Ҝ

Ȃף ӊ ҹ 1.3 Ҝ̆ 60mm

Ȃ Ҝ 2-5Ȃ 

   

 a)  b) /  

   

 c)ῤ  d)  

2-5 ᶏ Ҝ Ҝ 

 

№῍№ң ̆ ҹ 1.65m¦2.11m̆ ҹ 483.3mmȂ Q235

̆ 40¦60¦2 Ȃ ⱴѿ ᵣ Ȃ

Ҋ 10mm Ü20 ̆ ҍ Ȃ

2-6 ̆ ᴆ 2-7 Ȃ 
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2-6  

 

200

2
0

0

7
0

6
0

7
0

80 40 80
200

1
0

1
5

0

6
0

5
0

40

 
2-7 ᴆ  

 

2.4.1 ◑Ⱶ  

Ҭ ⱬ ҍ ꜚ

Ȃ Ҥ ̆ Ȃ◄

ⱬ ҍⱴ ҹ̔ ᵣ Ҝ ȁ ȁ

Ҝ ȁ ȁ ȁῙ ȁ ҉ѿ Ȃΐᵣ

2-8 Ȃ 
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 a) Ҝ  b)  

   
 c) ◄ⱬ  d) ΐ 

   

 e) 14 ᴆ f) ┘  

2-8 ◄ⱬ  
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2.4.2  

└ᵬ Ҋ ̆ └

Ҥ̆ ᴆ ̆ 2-9 Ȃ 

   

 a)  b)  

2-9  

2.5  

̆ ⱬ ץ̆ ᾢ ᵌ

Ҭ ᵌ ̆Ḡ ӊ ꜚ Ȃ 

2.5.1  

ȇ Ҝ ⱬ Ȉ̂ GB7897-1990̃

ᵣ ̆└ᵬ 70.7mm ᵣ ң ̆῍ 8ҩȂ └ᵬ

Ҥ ̆└ᵬ ԍ 20Ņ ҬῙ ѿ Ȃ

Ῑ ᴆҊ Ῑ 28d̆ Ῥ Ȃ ҙ

ⱬ ҍ Ҭ ̆ 2-10 Ȃ 2-2

Ȃ 

  
a)                            b)  

2-10  
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2-2 28 (MPa) 

 ṿ ṿ ‰ṿ 

M7.5 

7.857 

10.000 

9.326 

9.408 

9.148 6.55 

M15 

14.694 

15.061 

14.853 

14.902 

14.878 14.45 

 

2.5.2 Ң  

Ҭ Ҝ ⱬ ҙ ⱬ ̆

2-11̆ Ҝ 2-3 Ȃ 

 

2-3 Ҝ Ҝ (MPa) 

Ҝ ᵝ   ṿ ṿ ‰ṿ 

 

0.71 

0.69 

0.72 

864.25 

850.47 

841.93 

852.22 826.02 

/   

1.71 

1.71 

1.70 

474.87 

450.28 

463.54 

462.90 434.26 

 

1.40 

1.38 

1.38 

653.33 

650.15 

649.97 

651.15 646.75 

 

2.20 

2.17 

2.15 

343.72 

349.20 

351.32 

348.08 338.96 
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2-11 Ҝ  

 

2.5.3 ᵒ  

̆ ᵌ Ḡץ̆ ῒז

Ȃ ԍ ᵣ Ҍ ̆ҍ

ᵌ Ȃ ̆ Һ ᵬ Q1ᵬҹ ‰̆

2-12Ҭ Ȃ 

125 300 125125 300 125125 300 125
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1650
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5
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125 300 125125 300 125125 300 125

550 550 550

1650

2
3
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1

0
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1
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1

5
0

6
8

7
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5
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1
3

2
3
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17 17

13 13 13 13 13 13 13 13

13 13 13 13 13 13 13 13

1
3

1
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1
5
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1

5
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3
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0

0
3

0
2

0
0 17 17 17 17 17 17

17 17 17 17 17 17 17 17
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2-12 ᵌ  
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800mm̆ 483.3mm̆ 13mm̆ ῤ Ҝ ҹ 0.7@13¦

13̆ ҹ mr ҹ 0.46%Ȃ ᵣ ‰ṿ 6.55MPă

Ҝ ‰ṿ 826.02Mpa̕ pr ҹ 0.40%Ȃ C13

₀ ‰ṿ 13MPă HRB335 ‰ṿ 335MPaȂ 

ҹԅ ֽ̆ ⱬ ᵌ ̆ Ҝ/

ҹ / ₀ ̆↕̔ 

₀ p FA - Ὲ ̂2-9̃ ̆ 

 
,335

,13

335
(1 ) (1 0.40% ) 1.103

13

y

p F p con p p con p con

cuk

f
A A A A

f
r- - - -= + ³ = + ³ =  ̂2-9̃ 

Ҭ  p FA - ĺĺ ₀ ̕ 

p conA - ĺĺ ₀ ̕ 

,335yf ĺĺQ335 ̕ 

,13cukf ĺĺC13 ₀ ᵣ ‰ Ȃ 

m FA - Ὲ ̂2-10̃ ̆ 

 
,

,7.5

826.02
(1 ) (1 0.46% ) 1.580

6.55

y wire

m F m mor m m mor m mor

cuk

f
A A A A

f
r- - - -= + ³ = + ³ = ̂2-10̃  

Ҭ  m FA - ĺĺ ₀ ̕ 

m morA - ĺĺ ̕ 

,y wiref ĺĺ Ҝ ̕ 

,7.5cukf ĺĺM7.5 ᵣ ‰ Ȃ 

↕ ⱬ ᵌ ҹ̔ 

 
,7.5,7.5

,13 ,13

1.580 6.55
0.019

36 1.103 13

A p con cukm mor cuk

F

p con cuk p con cuk

S A fA f
S

A f A f

--

- -

Ö ÖÖ ³
= º = =

Ö Ö ³ ³
 ̂2-11̃  

̆ ᵌ Ss ҹ̔ 

 2
0.019 36 0.684F

l

S
S

S
s= = ³ =  ̂2-12̃  

ץ ⌠ ᵌ ҹ 0.48̆ ҩṿ

ᵞ̆ᵖ ̆ ╠ץ 2.3 Ҭ ᵣ / ᵌ

ṿҹ 0.62:1 ҹ ̆ ꜚȂ 

2.6  

ⱴ ≠ ⱴ ᵝԍ ҍⱴ ӊ
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῍ ̆ ῀ ̆⁞ ѿ ⱴ Ȃ

ⱴ ⁞ ῏ ԍ ̆ᴰ ᴨ

Ҋץ ᵝ ҹ ₱ ᴨ ̆ Ҋ ⱴ

҉ Ȃ ̆ ⱴ ȁᵝ

ᴨ [17]̆ ꜚ Ȃ 

ⱴ Ҭ̆҉ ҍҊ ◄ⱬ ̆

ҹ Ȃ ԍ ᵝ Ẓ҉̆ ᵬ Ҭ̆҉

̂TMD̃ ᵬ Ȃ ̆ TMD

Ȃ 

[17] ₮ TMD ̆ⱴ ҍ ᴨ

̂2-13̃ ₮̔ 

 f ( )
1

ba
g

m
=
+

 ̂2-13̃  

Ҭ  fgĺĺ swҍҺᵣ pw ṿ̆ s
f

p

w
g
w
= ̕ 

mĺĺ smҍҺᵣ pm ṿ̆ s

p

m

m
m= ̕ 

ῒҬ ăb Ҋ ̆ 

 p1 / 4a x= -  ̂2-14̃  

 p3.2
1.35b e

x
=  ̂2-15̃  

ᴨ ( )s optx ̂2-16̃ ₮̔ 

 
0.48( ) 0.46s optx m=  ̂2-16̃  

Ҭ  pxĺĺҺᵣ Ȃ 

ABAQUS ᾝ № ̆ ҉ ҍҊ ◄ⱬ

m ҹ 0.084̆ Ҋ ⱴ ◄ⱬ ѿ ҹ 0.179s̆

ҹ 5%Ȃ҉ץ῀ף ̆ 0.9875a= ̆ 1.5315b= ̆ ᴨ

0.8669fg= Ȃ ᴨ↨ 1.221 /k kN mm= Ȃ 

ᶫ ̆ қ ⁞ Ὲ LRB-100

῍ 10ҩ №̆≢ Ȃ ΐᵣ 2-4

Ȃ ȁ ᵣ 2-13ȁ2-14 Ȃ 
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2-4  

(mm) 
̂mm̃ ̂mm̃  

 
̂mm̃  

 

90 10 1.2 15 1.5 14 

̂mm̃  
̂mm̃ 

◄℗

̂N/mm̃  

ѿ

 

ԋ

 

↨

̂kN/mm̃  

10 10 0.392 16.67 5 153.9 

̂kÑ 

↨

(kN/mm) 

50% ↨

(kN/mm) 

100% ↨

(kN/mm) ↨ (kN/mm) 

╠

↨ (kN/mm) 

0.982 0.1368 0.2459 0.1914 0.1955 2.542 

  

  
 a)  b) ╩  

2-13  

 

◄ⱬ ̆Ҋ ҍ ᴆ ̆҉ ҍ

└ ̆ ҍ ̆ΐᵣ 2-15 Ȃ

Ҭ̆ҹ ȁ Ḃ ̆ ѿᶷ҉Ҋ ѿ

̆ Ȃ ҉ ̆ ԍ ̆

↨ ̆ ҹ ̕ ̆ ԍ ̆

↨ ‗ ̆ ҹ Ȃΐᵣ 2-16ȁ2-17 Ȃ

ᵣ 2-19 Ȃ 
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2-14 ᵣ  2-15  

   
2-16  2-17  

 

 

2-18 ᵣ  




























































































































