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	摘要(中)	本研究選擇侵襲臺灣中部地區之關刀山及集集兩大災害性地震做為研究分析對象，除因它們是臺灣百年來災情最嚴重震害，造成十分慘重的人文、經濟損失，也因這兩次地震之災害資料，彙集保存相當完整，可分析性極高。本文研究方向先從關刀山地震與集集地震各鄉鎮之災害資料開始，進一步細分到最小行政單位村里，作一系列的分析探討，主要是因為各鄉鎮及村里的震害資料均相當完備。另一方面，這兩大地震均有地震斷層造成的地表錯動。且兩次地震斷層的屬性又不相同，因此可作為斷層類型對震害衝擊效應的相對評比，包括災害空間分佈型態與斷層線對稱與否，斷層錯動是否加重災害，強地動與災害之間的關連性，其結果可作為日後對震害災損評估的參考。大規模地震通常伴隨地表斷層破裂錯動與區域性之地殼變位。這些地殼變位直接反應地震斷層的類型與滑移量之大小。分析大地震之地殼變位，有助於吾人對地震所造成之房屋倒塌與人員傷亡的了解。地震時各地的強烈地動性質，更是造成地震災害的最主要原因。關刀山地震與集集地震的斷層錯動，斷層週圍區域性地殼變位，以及各地強地動性質，均有極詳細的觀測與調查數據。因此本研究特就這三個震害主要原因，針對各村里實際震害資料，進行定性與定量的比對分析與研究。所得結果綜述如下：1935年關刀山地震有兩段地震斷層，其中北段的獅潭斷層上與其兩側各村里的房屋全倒率較高(最高為三灣庄大河村99.6%)，而死亡率較低(最高為南庄南富村5.16%)。西南段的屯子腳斷層上與其兩側各村里，不但房屋全倒率很高(最高為神岡庄新庄子村100%)，死亡率也很高(最高為神岡庄新庄子村14.7%)。由人口數/住戶數結構可看出獅潭斷層帶與兩側，與屯子腳斷層帶與兩側相差達3.2倍，沿獅潭斷層多為丘陵山區死亡率較低，可能是因為山區住戶稀少，且多為客家農民，有清晨早起耕作習慣之故。而屯子腳斷層兩側以平地為主，各村里人口與住戶數密集，當地居民沒有清晨早起習慣之故。由斷層帶與非斷層帶上各村里震害分析，發現關刀山地震呈對稱性震害分佈。1999年集集地震造成震害之關鍵原因包括大幅度斷層錯動及激烈強地動，造成大規模山崩，以及土塊厝與五樓以下鋼筋混凝土、高樓層集合性住宅大量倒塌等。都會區以集合性住宅倒塌為主，並造成人口密集罹難現象，但因每個里的人口數眾多，而使平均死亡率降低，例如台北市松山區慈祐里因東星大樓倒塌而使84人死亡，死亡率高達全樓人口之21%，但僅為全里人口之1.28%，是典型都會區集合性住宅震害之痛。另外都會型村里的土塊厝比率較少，鋼筋混凝土建築物較多，整體建築物具有較佳耐震能力，因此一般死亡率也較低。而死亡率高的各鄉村型村里的住戶建築物構造以土塊厝和低層鋼筋混凝土造居多，例如東勢鎮粵寧里、中寮鄉永平村，其住屋類型以五樓以下鋼筋混凝土或加強磚造建築物佔多數，又竹山鎮山崇里(斷層帶上)有部分係因土塊厝倒塌罹難。此外草嶺村死亡率為4.33%，乃因有36人被草嶺地區順向坡山崩掩埋所致。集集地震時破裂錯動的車籠埔斷層為向東傾斜30°的逆衝斷層，因而位於西側的下盤並未產生大幅度位移，且地動強度明顯較低，因此雖然斷層西側地區之人口與住戶均較密集，但震害較輕。反之，斷層東側上盤各村里之震害則普遍嚴重。總之由斷層帶與兩側非斷層帶上各村里震害的分析比較，我們發現集集地震呈非對稱性震害分佈。本研究接著比較前後兩次震災的房屋全倒率及人口死亡率是否有所改善。首先，台灣早期建築之主要類型為土造與木造建築物，房屋結構之耐震性能極差。當1935年關刀山地震發生時，強烈震動造成大量破壞倒塌，進而造成人員傷亡。當時另有一些未加固的磚造建築物，當1935年關刀山地震力，超出牆體所能承受時，便使牆體破裂倒塌，磚塊四散、掉落，變成傷害居民生命之最大威脅，其傷害力應不下於土構造。其次，台灣現代建築物主要類型已多由鋼筋混凝土及鋼構造所取代。在1999年集集地震的強烈地動作用下，常見之破壞現象有地面層柱頭爆裂、各層短柱剪力破壞、磚牆倒塌或斷裂、混凝土牆剪力破壞、或地基失敗引致傾斜、崩塌，連帶造成人員傷亡。因現代建築物之設計目標本就要求房屋即使在倒塌時，必需儘量保留人員求生空間，故有減少傷亡機率之功效。本研究在比較前後相隔64年的關刀山與集集地震時的房屋全倒與人口死亡資料之後，發現現代建築結構類型在減少震害效應上確實有顯著改進。這包括總平均房屋全倒率由前者之32.5%降為後者之19.2%。而總平均人口死亡率，更由前者之1.12%，鉅幅降低為後者之0.28%。換言之，我們透過現代建築耐震設計規範之頒行，已使建築物普遍具備適當的耐震性能，確實可有效減少地震時造成房屋倒塌機率，進而減少地震對人員傷亡之效果，這是具有重要正面意義的啟示。最後，本研究對集集地震時，台中縣及南投縣各鄉鎮死亡人口之年齡分佈加以分析，獲得以下公式：    Y％ ＝ 0.00022X 2 - 0.01X + 0.16在上式中，Y％代表死亡率，X表示年齡。由上式可見大地震時，不同年齡層的人口，受到致命威脅之程度顯著不同。尤其對55歲以上的老年人口的威脅大增。這個發現具有兩點重要意義，其一是地震時對人命安全的保護對象，應特別注重年齡層大的族群。其二是雖台中縣與南投縣的一般人口及死亡人口之年齡層分佈各有不同，但是人口死亡率之年齡層分佈，却幾乎完全相同，頗值得深入探索其原因。未來可利用這次地震人口死亡年齡分佈的公式，按各鄉鎮人口之年齡分佈，概略推估未來地震時，可能造成之死亡人口數，做為研擬地震防救災緊急應變計畫之參考。
	摘要(英)	In this paper we studied two disastrous Guan-Dao-Shan and Chi-Chi earthquakes in Central Taiwan. They were the two most devastating earthquakes in last hundred years in Taiwan. Equally important, the societal and scientific records of the earthquakes were compiled and preserved very well. We started to analyze by townships, then proceeded to analyze by villages. The loss data of townships and villages are complete. Meanwhile, surface ruptures happened in both earthquakes. The fault types were different associated with these two earthquakes. We analyzed the relation of disaster distribution with respect to fault surface, regional surface movement, and strong ground motion. We hope the results will be useful for loss estimation of future earthquakes.


Surface fault ruptures and regional surface movements usually occurred in large earthquakes. By comparing the patterns of these phenomena in large earthquakes, we can study their relation with house collapse and human fatality by earthquake. The fault ruptures, crustal movements, and strong ground motions of the Guan-Dao-Shan and Chi-Chi earthquakes were well recorded by observations and surveys. We compared both qualitatively and quantitatively these three causes with the disaster data of the affected townships and villages.


There were two segments of fault in the 1935 Guan-Dao-Shan earthquake. In the neighborhood of northern segment (Shihtan fault), the house collapse rate was high (the highest was 99.6% in Dahe village, Sanwan township). But the death rate was relatively low (the highest is 5.16% in Nanfu village, Nanjhuang township). In the neighborhood of southwestern segment (Tun-zu-chiao fault), not only the house collapse rate was high (the highest is 100% in Hsin-Tsuang-Zu village, Shengang township), but also the death rate was high (the highest was 14.7% in Hsin-Tsuang-Zu village, Shengang township). By comparing the distaster data between the fault-zone and non-fault-zone areas, we found symmetric patterns of disaster distribution with respect to fault trace for the Guan-Dao-Shan earthquake.


Disasters by the Chi-Chi earthquake were caused by several factors, including fault rupture, strong ground motion, landslide, and house collapse. When the collapsed buildings were located in urban areas, the fatality was concentrated. But because the population is high, thus the average fatality rate is low. For example, there were 84 fatalities in the Donhsin building, in Songshan district of Taipei city. The local fatality rate was 21 % of the building, but was only 1.28 % of the city ward. It was a typical destruction pattern of urban buildings. Besides, the seismic resistance of buildings in urban areas is usually stronger than the buildings in the country areas. The fatality rate is generally low. Many collapsed buildings were made of mud bricks in the country areas. The fatality rate in the Tsaolin village was 4.33 %, because 36 people were buried by a big landslide. The Chelungpu fault was a thrust fault that dips east in the Chi-Chi earthquake. The footwall on the west side did not move much and the seismic intensity was relatively low. Thus the house collapse rate and human fatality rate were low in the west side of the fault, even the population there was high. On the contrary, the damages were severe in the villages in the hanging-wall areas on the east side. In summary, the patterns of both collapsed house and human fatality about the fault zone showed asymmetric distribution with respect to the fault trace in the Chi-Chi earthquake.


We also compared the difference of house collapse rate and human fatality rate between these two earthquakes. First, most houses were made by mud bricks and wood in early Taiwan. The structural design against large earthquakes was absent. When the Guan-Dao-Shan earthquake occurred, many houses collapsed and people were killed. In addition, houses made by bricks also collapsed during the Guan-Dao-Shan earthquake. The falling debris hurt many residents when houses collapsed. Second, main types of modern buildings in Taiwan are made by reinforced concrete and steel. Although the destruction of structures were widespread during the Chi-Chi earthquake, owing to the goal of modern architecture design emphasizing some free space for survival of people even when the building collapses. It has effectively reduced the probabilities of fatality.


In this study, we have found the modern building types have significantly reduced the damage from earthquake by comparing the disasters of Guan-Dao-Shan and Chi-Chi earthquakes. The average house collapse rate decreased from 32.5 % to 19.2 % and the average fatality rate greatly decreased from 1.12 % to 0.28 % with time. In other word, the modern codes for seismic design of buildings are really effective in reducing the probabilities of house collapse in large earthquakes.


Finally, we also analyzed the age distributions of fatality for different towns in both Taichung and Nantou counties during the Chi-Chi earthquake. We obtained an equation as follows:


Y% = 0.00022X2 – 0.01X + 0.16


where Y% means the age-specific fatality rate in percentage, and X represents age. According to above equation, the fatalities are significantly different for different ages, especially for age older than 55 years old. There are two significant implications. First, the protection for people during earthquake, should focus especially on old age group. Second, the human fatality rates are almost the same, even though the age dependence of general population and earthquake victims were different for Taichung and Nantou counties. The reasons are worth for further study in the future. We can estimate potential fatalities in future earthquakes based on above age dependence equation of earthquake fatalities by using current population distributions. The results can provide useful information for seismic loss estimation.
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