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壹、前言 

ASBD讓人類永遠免除地震災難

近年來無論汶川強震、印尼大海嘯、智利 8.8級強震、冰島火山爆發，台灣 88水災等，全球各地無時無刻不在天搖地動，並受到強風暴雨侵襲。

地球真的在變了！

如何提升現代建築物的抗震力，避免建築物因地震而損毀，造成人類永遠無法挽回的傷痛，更是全世界建築界追求的目標。

當地震規模達芮士七級以上時（地表速度 500GAL），加裝 ASBD隔震系統

的建築物僅承受四級以下，（頂層加速度 100GAL）的地震規模，ASBD隔震系統

讓人類永遠免除地震災難。

打造無地震災害的城市英全公司的核心價值


	1. Introduction
ABSD is an innovative system that promises to free mankind from fear of earthquake disasters.

Many natural disasters stoke our planet in recent years.  There were earthquakes in Chile, tsunami in Indonesia, and volcano eruption in Iceland, to name a few.

Modern technology can forecast hurricane and flood with reasonable accuracy, but  cannot reliably predict earthquakes.  How to develop necessary technologies to protect buildings in an earthquake strike has become a critical issue in the construction business worldwide.

The ASBD isolation system can safely protect buildings from damages by earthquakes.  During an earthquake of magnitude 7 in Richter scale, for example, a building protected by ASBD system will experience shaking less than magnitude 4.  Risks of human casualties and financial losses are greatly lowered as a result.

We cannot stop earthquakes from happening, but we can significantly reduce the damages caused by earthquakes.  That is the core value of ASBD!


	Done first draft
Second draft changes completed.
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二、建築物結構系統分析與比較

系統分析

建築物本身依抗震模式不同，其結構系統可區分為下列三種： 

A.耐震系統

一般建築物依韌性設計其結構體之抗震強度合於法令規範者，稱之為

耐震系統，該系統地震來臨時建築物頂樓搖晃度放大 3倍室內擺設物因而墜落

（以 12樓建築物為例）。 

B.制震系統

耐震系統建築物外加消能桿件，略增加抗震要求，地震來臨時建築物頂樓搖晃度放大 2~3倍。（室內擺設物因而墜落） 

C.隔震系統

將建築物透過支承墊與地震力隔離，可大幅提昇抗震強度，地震來臨時建築物只有輕度移動，室內擺設安穩不墜落。


	2.  Summary of modern earthquake building technologies
Before describing details of the ASBD system and its advantages, a review of current structure technologies is necessary.  For simplicity, we divide modern construction technologies into three categories:

A. Traditional Structure

Designed by structural stiffness method and complying with building codes, the top floor of a typical 12-story building can shake 3 times as much during an earthquake as the ground motion.

B. Damped Structure
Adding energy-dissipation components to protect the structure, the top floor of such a building shakes at 2 to 3 times of ground motion during an earthquake. 

C. Seismic-isolated Structure
Isolating the building structure from the ground via bearings, this approach significantly increases the ability the building can resist earthquake destruction.  Swing of the building at the top floor is reduced by 80 per cent. 


	Second draft changes completed.
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系統比較

系統項目

耐震系統

制震系統

隔震系統

地震能量傳遞

地震能量累積上傳

地震能量累積上傳

地震能量可經由系統控管上傳

消能方式

樑、柱及樑柱接頭之裂損行為來消能

樑、柱、樑柱接頭及外加消能桿件消能

透過高性能阻尼器消能

破壞性

樑柱變形大，產生裂損，須拆除或補強

樑柱變形大，產生裂損，須拆除或補強

樑柱變形極小均在彈性安全範圍內不產生裂損

安全性

可耐五級 ∼六級初地震 (230∼280gal)

可耐五級 ∼六級初地震 (250∼300gal)

可耐七 ∼八級地震（350∼500gal)

舒適性

激烈搖晃極不舒適

搖晃不舒適

輕微搖晃無不舒適感

力學概念

樑柱桿件及接頭須進行煩雜韌性設計要求（消能用）

除樑柱消能外在再加設適當消能桿件（力學計算相當繁雜）

結構桿件均在彈性安全範圍內，力學行為簡單

整體性能評估

僅達法規最低要求

可適量提高安全性

更安全、更經濟、更舒適


	
Traditional Structure
Damped Structure
Seismic-isolated Structure
Seismic energy propagation
Accumulate and propagate upwards
Accumulate and propagate upwards
Propagate under control

Seismic energy dissipation mechanism
Structure damage
Structure damage plus add-on dampers.
Strategically positioned high-capacity dampers

Structure destruction 

Large deformation and damage, requiring repair 

Large deformation and damage, requiring repair

Small deformation, no damages

Engineering design efforts
Complicated energy dissipation calculated by stiffness design
Additional complicated calculation of add-on components
Elastic deformation only, simple to analyze

Earthquake protection magnitude

Low 6

Low 6

7 to 8 

Inhabitant comfort

Intensive shaking, high discomfort

Medium shaking and discomfort

Mild shaking and discomfort

Overall evaluation

Meet only minimum regulation requirements

Moderately better safety, with added cost
Best in safety, and lowest in cost

Table x summarizes the three types of structures mentioned above and their performance during earthquakes. 


	Second draft changes completed.
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三、ASBD隔震系統介紹 

1. ASBD隔震系統之涵義 : (Axial System of Bending type Damper) 
ASBD隔震系統是一套力學行為非常單純有效的優良隔震系統，其主要其主要元件可區分為支承墊與阻尼器二大項目： 

1. 由支撐建物承受建築物垂直載動 

2. 由阻尼器控制建築物之扭轉量（ Torision）、位移量（ Displace ment）與

舒適度。其垂直力與水平力各自分工互不影響，且易掌控管理經〝國家地震工程研究中心〞試驗證明，在承受連續 15次921地震後，仍能保持原有性能，且當地表加速達 500GAL時可降低 80%的建築物頂層加速度。 

● ASBD隔震系統理論示意

元件 A

● ASBD隔震系統之力學行為

低摩阻高承載支承墊

高阻尼消能器

（各柱位配置一組）

（依建物質心位置調整配置）

承受：垂直載重力 

控制：扭轉量、位移量及舒適度

●系統安裝示意圖 


	One of the biggest advantages of ASBD seismic isolation system, besides being effective in protecting the structure from damages, is that it is easy to design and easy to implement.  Such simplicity is the result of its innovative design.  ASBD system consists of separate vertical and horizontal components, as described below:

1) High-capacity dampers are mounted horizontally near the foundation to dissipate seismic energy in the horizontal direction and prevent the destructive energy from reaching the structure above.
2) Low-friction bearings support the vertical weight of the building while allowing aboveground structure to slide freely relative to the foundation in the horizontal direction.

This simple and effective approach forms the fundamentals of the ASBD system.


	Done first draft
Second draft changes completed.
PDF檔中在第一段之前的「a」應該去掉？
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1-1.高承載低摩阻支承墊支承墊係由鏡面不鏽鋼板、耐高壓鐵氟龍、天然橡膠等組合而成，每一柱子配置一組，安裝在基礎層或地上一、二樓之間，支承墊將建築物區隔為上層結構與下層結構二部份，其功能主要將因地震所產生之能量透過極低摩擦係數之支承墊，使其能量隔離而不上傳到上部結構。

●支承墊剖面圖 
●支承墊平面圖 

(20~30)cm 

因為超低摩阻係數所以能有效隔離水平地震力。 

●摩阻係數試驗 
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	High-capacity, low-friction bearing

The bearing consists of components made from stainless steel, Teflon coating, nature rubber, etc.  The bearings are mounted at the foundation of the building or between first and second floors.  One bearing is installed under each column, separating the aboveground structure from the foundation.  Its main function is to prevent seismic energy from reaching the structure above.
	Done first draft

Second draft changes completed.
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1-2.高效能阻尼器性能試驗數據

阻尼器由純鋼板構件組裝而成，依建築物質量中心設計安裝位置，阻尼器左右二端分別連結建築物上部結構與下部結構，依建築物規模設計阻尼器之規格，其主要功能為將地震所產生之能量有效控制建築物之扭轉量、位移量與舒適度以達安全之效果。 

a.依不同位移量測試 b.依35cm位移量測試 

位移量 

㎝，水平力 75噸，經 100次連續變形性能不受影響。 

●台灣大學地震中心阻尼器標準性能試驗 ●阻尼器變形圖

ABSD阻尼器透過鋼板變形產生穩定耐久的阻尼效應
	High-performance damper
Each damper consists of groups of high-tensile steel plates sandwiched transversely between two parallel frames, with one frame attached to structure above and the other to structure below.  The main function of the damper is to dissipate seismic energy and effectively control horizontal twisting movement of the structure immediately above.

The dampers are custom designed and manufactured for each builing. Their mounting locations are determined by the center of mass of the building and other factors.
	Done first draft

Second draft changes completed.
PDF檔中，第二段沒有和第一段對齊．
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2. ASBD隔震系統於國家地震工程研究中心測試

西元 2005年1月31日於國家地震研究中心震動平台上架設三層樓高鋼骨結構並安裝 ASBD隔震系統支承墊 4組(承載量 50T/pc)阻尼器 4套(水平力 2.5T/pc)模擬美國 EL-centro日本阪神台灣 921三大地震實況進行測試所得數據如下： 

●美國 -EL CENTRO地震測試報告 

當地表加速度為 400gal的情況下加裝 ASBD系統後頂層絕對加速度降為 100gal以下

●日本 -阪神地震測試報告 

當地表加速度為 500gal的情況下加裝本系統後頂層絕對加速度降為 100gal以下

●台灣 -921集集地震測試報告

當地表加速度為 500gal的情況下加裝本系統後頂層絕對加速度降為 100gal以下


	ASBD system was tested on a shake table at National Center for Research on Earthquake Engineering (NCREE) in January 2005.  The test specimen was a three-story steel frame structure.  Four vertical bearings, each with 50 ton capacity, and four horizontal dampers were installed in the structure.  The test used simulated inputs from real seismic data.

Simulated with El Centro earthquake data, ground acceleration was 400 gal, while top floor acceleration was below 100 gal.

Simulated with Kobe earthquake data, ground acceleration was 500 gal, while top floor acceleration was below 100 gal.

Simulated with Chi-Chi (Taiwan) earthquake data, ground acceleration was 500 gal, while top floor acceleration was below 100 gal.


	Done first draft

Second draft changes completed.
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●國家地震中心試驗結果取得中華建築中心優良工法、產品評鑑證明 

(3)該產品雖無耐用年限之限制（依某標的物規模大小而設計需求時，其疲勞試驗之總能量足可耐 15次之 921地震），但仍可隨時輕易更換而不須進行額外假

設工程。


	The superior construction product certificate, issued  by R.O.C. Architecture and Building Center based on the test result at National Center for Research on Earthquake Engineering (NCREE), certified that ASBD can survive a Richter scale 7.2 earthquake for 15 repitations and can be easily replaced on-site without additional mending work despite not having a definite service life limit.


	Done first draft

Second draft changes completed.
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四、ASBD與現有隔震系統 LRB之比較 

1.力學行為之比較 

● ASBD (Axial Systam of Bending type Damper)隔震系統

重直力與水平力各自分工，系統運作力學行為單純，易掌控。 

● LRB (Lead Rubber Bearings)隔震系統

重直力與水平力相互影響，容易產生彎距，系統本身增加複雜度，不易掌控。

W 
H 
H 
R 

	Comparison of ASBD and LRB systems
Comparison in design principles

ASBD (Axial Systam of Bending type Damper) Sismic Isolation System

Separating vertical and horizontal components greatly simplifies design calculations.

LRB (Lead Rubber Bearings) Seismic Isloation System

Coupled vertical and horizontal components tend to generate undesirable bending moment, increasing complexity of system design.
	Done first draft

Second draft changes completed.
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● ASBD隔震系統

2.性能比較 

有效阻尼比依 40cm位移量試驗達到 40%以上的效果。 

位移與阻尼等效比關係圖 

● LRB隔震系統

有效阻尼比≒ 25%/20cm位移量超過 20cm時，有效阻尼呈現下消趨勢。

資料來源：依據和椿技刊 LRB裝置特性表列數據繪製


	Comparison in damper performance
Effective damping exceeds 40% at 40 cm of displacement during tests.

Effective damping peaks at 25% and starts to decline at 20 cm of displacement.
	Done first draft

Second draft changes completed.
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3.耐久性比較 

● ASBD隔震系統

開放空間，散熱快速，經 100次連續變形試驗，阻尼性能不受影響。 

消能曲線圖 

● LRB隔震系統

在橡膠封閉條件下散熱不易經 4次位移試驗後，阻尼器性能穩定度受影響。

資料來源： LRB案例資料


	Comparison in durability
ASBD’s open-space design facilitates quick heat dissipation.  The damper performance exhibits no signs of degradation after 100 test cycles.

LRB’s closed-form shape traps heat energy.  Stability of its damper starts to deteriorate after only 4 test cycles.
	Done first draft

Second draft changes completed.
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4.施工期與維修保養之比較 

● ASBD隔震系統 

ASBD隔震系統由元件 A與元件 B組合而成，分別施工、安裝工程簡易，工期短（一週內）維修保養方便。 

ASBD元件 A安裝示意圖 

● LRB隔震系統 

LRB隔震系統力學行為複雜，施工要求精準度高，工期長（ 4~5週）維修保養困難 

LRB安裝完成照片


	Comparison in installation and maintenance
Vertical and horizontal components are installed separately.  A typical installation takes less than one week.  Maintenance is easy.

LRB system requires complicated installation procedure involving tedious steps.  A typical installation requires 4 to 5 weeks.  Maintenance is difficult.
	Second draft changes completed.
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5.抗扭力比較 

● ASBD隔震系統

由於建築物回復力係由支承墊曲面之位能提高所提供，對於結構之扭轉現象（即扭轉中心位能最低），但外柱因扭轉產生位能提高（相對於扭轉中心）會馬上提供回復力，壓制扭轉近一步產生。 

● LRB隔震系統

因建築物之回復力係依靠橡膠之勁度，對於整體質量中心與回復力勁度中心，不易控制在同一位置上，故會產生扭轉現象。


	Comparsion in torsional resistence
When the structure slides along the curved surface of the vertical bearing, the increased potential energy automatically generates resilient forces instantly, suppressing further twisting of the structure.

The resilient force is generated by the stiffness of rubber components, so the net resultant force often does align with the center of mess of the building, thus twisting the structure.
	Second draft changes completed.
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ASBD隔震系統發明沿革
莊國榮結構技師是 ASBD隔震系統的發明人暨英全結構有限公司的創辦人，當 1991年1月17日清晨日本阪神地區發生芮氏規模 7.2級的大地震後，莊技師曾造訪災區，鑒於災情慘重（死亡 6730人、受傷 4萬餘人、財損 10兆餘日圓），感同身受於回國後即潛心投入專業地震防護系統相關研發工作，以超越世界主流的產品之思考模式研發新一代性能更優的隔震系統。 ASBD隔震系統的發明，帶給建築量體在地震安全方面新的定義及方向。

事前的安全防範，遠遠勝過事後的重建補救，對於 ASBD隔震系統帶給這世界更多的安全與保障，滿懷著更深遠的期盼。

榮獲中華民國 2009年經濟部發明創作金牌獎


	ASBD Development History

Mr. Kuo-Rong Chuang is a licensed structure engineer and founder of Ying Chuan Structural Engineering Co. Ltd. In Taipei, Taiwan.  Upon visiting Japan amidst the aftermath of the Richter scale 7.2 Kobe earthquake and seeing the vast extent of the turmoil, Mr. Chuang made the commitment to develop newtechnologies to better protect structures against the destructive forces of earthquakes.  After years of dedicated research and development, coupled with out-of-the-box innovative thinking, Mr. Chuang came up with ideas that eventually evolved into the basis of ASBD system.  The satisfaction of being able to protect the world against earthquakes, prevent loss of lives and property damages, and bring peace of mind to mankind is our ultimate goal of mission. 


	Done first draft

Second draft changes completed.
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ASBD隔震系統於 2009年正式進入市場代表作為和新建設仁愛葉慈案，隨即榮獲中華民國結構工程學會年度建築結構唯一金獎，競爭對象有 1.台北市防災中心（ LRB隔震系統） 2.台中亞緻飯店（ 44層鋼骨日係制震系統）以上評比項目包含： 

a.安全性 

b.經濟性 

c.施工性 

d.耐久性

中華民國結構工程學會 2009年建築結構唯一金獎


	Mr. Chuang received gold award at National Inventor Competition in 2009.  The competition was sponsored by Department of Economy to encourage innovation in technology.  Thousands of inventors compete for the award each year.
ASBD’s market debut in 2009 immediately won top honor and the only gold medal at the Chinese Society of Structural Engineering annual building structure award, beating competitors employing competing technologies, such as LRB, in areas of safety, economy scale, implementaion ease, and durability.


	Done first draft

Second draft changes completed.
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案例介紹一

和新建設仁愛葉慈案 

2009年結構金獎得獎作品

本工程使用 ASBD隔震系統高承載支承墊： 6組高阻尼消能器： 4組


	Installation Case #1
Yeh-Tze Apartment Building, Taipei (completed)
This implemntation won the CSSE gold medal top award in 2009.
ASBD configuration:

   Horizontal dampers: 4 sets

   Vertical bearings: 6 sets
	Second draft changes completed
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案例一性能比較 

●層間變位比較

假設 921地震發生在本建築基地，加裝 ASBD隔震系統後與一般耐震建築之比較圖示如下。
上圖說明：假設921地震發生在台北時，正央位置就在我們第一案例現場這棟建築物，因為有裝ASBD隔震系統，它各樓層(2~7層)間的層間變位，如本圖中左側藍色線顯示。
      
最右這條紅色大彎曲紅色虛線，表示如果本棟建築物沒有加裝ASBD隔震系統，依一般耐震建築標準，它各樓層(2~7層)間的層間變位狀況。
         又、因為我們的系統裝在一､二 樓之間，所以藍色線由二樓往上才有比較，於類推。

●頂層加速度比較

下圖說明：綠色線表示，921或七級地震發生在本建築物時，現場地表加速度有350gal。
 藍色線表示，加裝ASBD隔震系統，本建築物所承受之加速度僅有100gal。(實際上應為二樓到七樓均相同)

紅色線表示，如本建築物未加裝ASBD隔震系統，為一般耐震建築時，七樓所面臨的加速度現象，有1400gal。

	Calculated Performance Comparison

Figure x and x compare the calculated seismic responses of the Yeh-Tze Building with and without ABDS.  Figure x shows the top-floor acceleration during a Richter 7 earthquake, and Figure x shows the peak acceleration at each floor.  In both figures the red lines are the results without ABDS protection, and the blue lines are the same building protected by ABDS.

These two figures clearly demonstrate the performance of ASBD system and how well it protects a building against earthquakes.  For example, the peak acceleration at the top floor was reduced from 1400 gal to 100 gal, a 93% reduction!

Note that the dampers were installed between first and second floors at this site, which was why the blue curve in Figure x shows more pronounced reduction in acceleration above second floor. 

	Second draft changes completed
請把上下兩圖對調，頂層加速度在上，層間比較在下．
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實質效益比較

系統項目

耐震系統 

ASBD隔震系統

說明

鋼筋用量 

150~160㎏/㎡ 

110㎏/㎡ 

ASBD隔震系統本案實際鋼筋用量

抗震等級 

230gal 

350~500gal

可耐七 ∼八級地震

震後維修

費用 0.3萬/㎡ × 1000㎡維修時影響生活起居

結構無裂縫不須維修

免維修

施工性

韌性設計，鋼筋施工品管難掌控

彈性設計易施工品管易掌控

系統安裝約 2日~3日

舒適度

頂層之加速度反應 ≒1400 gal 

RF之加速度反應＜100 gal

啟動勁度： 0.07W 


	Table x compares the ABSD-protected Yeh-Tze Building against typical traditional buildings.  
Traditional structure

ASBD-protected structure

Reinforced steel bar usage 

150~160㎏/㎡
110㎏/㎡
Earthquake protection 

Magnitude 6

(230 gal)

Magnitude 7 to 8

(350-500 gal)

Repair cost after earthquake

U.S.$100 /㎡
None needed

Construction

Stiffness design, difficult to control quality

Elastic design, easy to control quality

Top floor acceleration

1400 gal

< 100 gal


	Second draft changes completed
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案例介紹二

長沙街新建案

本工程使用 ASBD隔震系統高承載支承墊： 8座高阻尼消能器： 5組結構系統特性：建物高寬比 H/W≒10台北 101大樓高寬比為 7.2：1本案高寬比為 10：1
	Installation Case #2

Under construction, Taipei

ASBD configuration:

   Horizontal dampers: 5 sets

   Vertical bearings: 8 sets
This is a very shallow site.  The building has height-to-width ratio of 10:1.  In comparisoin, Taipei 101, world’s 2nd tallest builting, has a height-to-width ratio of 3.5:1.

	Second draft changes completed
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性能比較 

●層間變位比較

假設 921地震發生在本建築基地，加裝 ASBD隔震系統後與一般耐震建築之比較圖示如下。
上圖說明：假設921地震發生在台北時，正央位置就在我們第一案例現場這棟建築物，因為有裝ASBD隔震系統，它各樓層(2~7層)間的層間變位，如本圖中左側藍色線顯示。
      最右這條紅色大彎曲紅色虛線，表示如果本棟建築物沒有加裝ASBD隔震系統，依一般耐震建築標準，它各樓層(2~7層)間的層間變位狀況。
         又、因為我們的系統裝在一､二 樓之間，所以藍色線由二樓往上才有比較，於類推。

●頂層加速度比較

下圖說明：綠色線表示，921或七級地震發生在本建築物時，現場地表加速度有350gal。
 藍色線表示，加裝ASBD隔震系統，本建築物所承受之加速度僅有175gal。(實際上應為二樓到十五樓均相同)

紅色線表示，如本建築物未加裝ASBD隔震系統，為一般耐震建築時，七樓所面臨的加速度現象，有650gal。

	Performance Comparison

Figure x shows 

Figure x shows the 
	請把上下兩圖對調，頂層加速度在上，層間比較在下．
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