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伍、附錄-------------------------------------------------27

摘要

本次出國，係赴法國土侖參加國際海洋及極地工程協會, 並發表論文，題目是：包圍大水域面積圍堤施工研究 (Seawall Enclosing Operation of Large Reclamation Project
)；論文主要介紹台中港於民國七十九成功完成：包圍500公頃水域面積的海堤合攏工程。內容包括：對合攏流速的預測及如何開闢第二臨時排水口以降低流速，並再於預估合攏口附近採用海拋潛堤，再度降低合攏口的流速使能達到可取得的3~5噸塊石能抵抗流速的範圍，終於成功地將台灣有史以來包圍最大水域面積的海堤合攏。

除了論文發表外，也從與會專家學者所發表的論文中學到許多寶貴知識，使我在三個月後(93,8,25)首度在台灣舉行的91th太平洋港口協會年會，再代表台中港務局發表論文時更加充滿信心。

壹、目的

本次出國，係赴法國土侖參加國際海洋及極地工程協會(ISOPE(International Society of Offshore and Polar Enginnering))---2004, Toulon, France年會並發表論文，題目是：包圍大水域面積圍堤施工研究 (Seawall Enclosing Operation of Large Reclamation Project
)。

ISOPE 協會創於1989年9月15日，總部設於美國加州，每年舉行年會一次。是一個以促進海岸、海洋及極地工程之研究發展的國際學術組織，最早有三十個會員國，現在已有五十餘個國家曾經參與會議，今年的年會有四十六個國家參加論文發表，台灣發表的論文超過三十篇。
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我之所以會參加今年的年會及發表論文，係因：有鑒於台中港預定今年底再度進行一次包圍水域面積約一百七十公頃的海堤大合攏，因而將民國七十九年本港完成一次包圍廣達五百公頃水域面積的資料重新整理。原本擬僅提供年底海堤合攏之參考，後來幾位教授認為本資料具有參考價值，鼓勵我提到ISOPE發表。本人也覺得能在國際性發表本論文，除了可提昇台中港在國際上的知名度外；更可學習先進國家的經驗，應頗值得一試。經獲得長官的支持，方提出申請，幸蒙ISOPE大會採納並報請獲行政院的核准，得能參加本論文發表及聆聽其他國家的專家學者的論文發表。由於論文內容頗為豐富，本人覺得不虛此行。

貳、過程

2.1 行程及研討會過程
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ISOPE年會至今已十四屆，今年因為台灣參加的教授學者眾多，沒正式組團出國，但我們包括：海洋大學的簡連貴教授夫婦、台灣大學的林銘從教授夫婦、中興大學的林呈教授與蔡清標教授及前港研中心的莊甲子副主任夫婦等一行為了行程的方便與安全，我們相約同時出發，由簡連貴教授帶隊，於五月二十一日晚間搭長榮航空飛抵巴黎戴高樂機場(照片1)、( 照片2)、( 照片3)。

雖然從巴黎搭飛機到馬賽再轉土侖是最快的方法，但我們選擇搭高鐵，搭高鐵與搭飛機時間差不太多，而較便宜。簡教授帶領我們由第一航廈搭巴士到第二航廈搭高速鐵路(TGV)南下，沿途風景秀麗。簡教授真是一位傑出的領導人才；他頭腦清晰、反應敏捷、對行程有周全的計畫、遇到臨時狀況，又能迅速因應所以我們一路頗順利。

再此值得一提的是：當我們抵達戴高樂機場時，在機場看到大批法國武裝特種部隊緊急進入航廈，連廁所都遭管制，我們以為遭到恐怖攻擊，幸好後來證明係第二航廈一棟施工中的建築物因設計上的問題發生倒塌，造成一場虛驚。由此可見，目前全世界均處在充滿恐怖攻擊的氣氛中，出國人員應隨時提高警覺，最好出國前一日應再度上網確認當地的情況，同時也要有隨時應變各種情況發生的能力。

今(2004)年的年會在法國南部土侖的Neptune Concres (照片4)舉行，共有四十六個國家派代表參加論文發表；分為三大類，九十一個場次，總共有461篇論文，內容相當豐富，台灣參加者超過三十位，會議是由二十三日的歡迎晚宴展開序幕，以我們國人的眼光看，大會所辦的晚宴真是有些寒酸，要是在國內舉辦如此大型會議的歡迎晚宴一定相當豐盛，二十四日上午舉行開幕儀式，開幕儀式也談不上隆重，國內舉辦類此之國際會議開幕儀式也必然是相當隆重，開幕儀式後隨即展開各場的論文發表會。我是第一次參加在國外舉行的國際研討會，一切較為生疏，所以我選擇提前到場，報到後迅速找好各場次的會場位置，尤其是Prot Cros Hotel，因為本人的論文就在本會場發表。因為論文的場次共有91場之多因此只選擇相關的論文聽講我所選的論文著重於大地工程與風力發電等。
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這次係第一次出國演講一切均較生疏，為了預防狀況發生我自己攜帶電腦，每天回到旅館均把演講稿重新演練至完全熟練為止，演講前一天；再度檢視所有應攜帶資料及測試電腦的狀況。由於準備充分，這場演講頗獲得與會學者之肯定。

本人的論文被排在較後面，留下來聽的與會代表均屬對本人的講題內容有濃厚興趣者；大部分是荷蘭籍及日本籍的代表。當天因有一位演講者缺席，因此有較多的討論時間，荷蘭與日本學者均熱烈地提出問題，透過問題的答詢，我們深入討論各國不同環境下的海堤施工技術問題，他們對本文所介紹的台中港成功地完成包圍500水域面積的海堤大合攏之施工方法感到濃厚興趣，日本學者也詢問有關九二一地震的情形，當他獲知當九二一地震發生時，台中港已有的四十二座碼頭中；只有四座沉箱式碼頭受損，其餘的碼頭均完好，台中港透過業務臨時調度，得維持正常的營運，而且受損的碼頭也於八個內修復完成的成果相當佩服，他說他們神戶港在阪神大地震受重創而封港，五年後才完全修復。會後荷蘭籍的與會學者們也分享荷蘭的圍堤經驗，例如以沉箱合堤的經驗，頗值得參考學習。本人的論文
全文如附錄。

2.2聽講論文摘錄
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本次出國參加ISOPE年會除了本人能有機會第一次在外國的國際會議場合發表論文外，同時也能藉此機會聆聽國外學者的論文發表。因為場次頗多，無法一一聽講，僅選擇較合興趣的相關的會場聽講。因為台電公司正在台中港區建設風力發電工程及台中港碼頭施工採用大量的機樁基礎工程，而且本人對機樁工程也頗有興趣，並曾發表幾篇有關機樁工程的論文，因此我選擇聽講的論文著重在這兩方面。略摘述如下：

Dr. M.B.Zaaijer (United Kingdom) 領導的論文 Review of Current Activities in Offshore Wind Energy，介紹風及洋流電力資源的開發利用的論文，頗值得我國正在發展發展利用風力發電的相關人員參考，Dr. Zaaijer 提到2001海岸風力能源利用被提出探討，他也敘述日本在ISOPE—2002 發表海岸風力渦輪機的些技術問題及風力農場的成功案例，隨後兩年內風力農場快速發展；英國的A.R.Henderson 領導的論文：淺水海岸的浮筒式的風車農場 (Floating Windfarms for Shallow Offershore Sites) 介紹歐洲最近發展的浮筒式的風車農場(圖1)，既可利用風力能源又可發展觀光，值得我們學習。在發表會上， [image: image20.jpg]


Henderson 博士提到浮筒式的風車早在1970年代美國的William E. Heronermus 博士即首先提出此觀念，之後1994年起在英國也興起對這方面的研究之風(圖2)，如今在歐洲已很風行這種風車農場。A.R.Henderson 所領導的另一篇論文Hydronamic Loading on Offshore Wind Turbines對作用海上結構物的波力尤其是於細小單樁的海上風車的波浪力介紹得頗清楚，值得我等從事海洋工程的工程人員參考，Heronermus 博士以(一)決定設計波及波的氣候環境、(二)選擇適當的波力計算程序、(三)決定波力結構物的影響等三個主題來討論。他認為波與結構物間是有相互關聯的，例如波受結構物的反射而有影響；Fléix Canada G. (Span) 博士領導的論文Marine Energy in Gibratar If A Dike Is Built Enclosing the Strait 提到以圍堤利用地中海與大西洋間的海峽洋流朝差的能源利用滿有創意；Kesayoshi, Hadano (Japan) 博士領導的論文 Evaluation of Energy Obtain by Float-Type Generation System 介紹利用可移動式物體的設計來提取海洋能源的觀念Hadano 博士提到海洋能源是取之不盡用之不竭的能源，因此他積極從事這方面的研究；Arian Voogt and Bas Buchner (Netherlands) 發表的Prediction of Wave Impact Loads on Ship-Type Offshore Structures In Steep Fronted Waves， 介紹陡前波(steep fronted waves)對靠船結構物的衝擊力，介紹得十分清楚，透過模型試驗得出各種波與衝擊力的關係頗值得參考。另外有關基樁基礎方面的論文，我對Dr. D. Ghosh Roy (UK) 所領導的Centrifuge Investigation of the Lateral Response of Pile groups in Sand 最感興趣，因為基樁在受地震、波浪、風力及土壤的作用，均會受到水平力的影響，若設計上考慮不週全往往會造成位移太大或基礎破壞。Dr. Roy 一單樁、八支群樁及十支群樁等三組研究得到頗豐碩的成果。以上幾篇論文發表均頗精采，當然也有在發表會上表現並不出色的演講者。本人認為台灣這三十年來所興建的重大建設數量相當多，但提到國際論文發表還嫌不足，應多多向國際上介紹台灣的各項建設。
2.3 本人論文中譯本(原文請參閱附錄)
包圍大水域面積圍堤施工研究

邱垂珍 徐順憲
摘要

在海港工程施工中，常常會遭遇到許多須面臨克服的困難，期中以大水域面積的海堤合攏最為艱辛。台中港於1990年成功地完成了台灣有史以來其所包圍面積最廣，任務最艱鉅的海堤大合攏，本研究係將本次海堤大合攏的資料加以整理發表，以期經驗分享，並期能獲得諸位專家學者的指導。

2.3.1、.緒論
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台中港位於台灣西海岸(詳圖1)，是一個由沙灘上建造而成的人工港，除了為了防阻強風、巨浪的侵襲，以利船舶進、出港至1995年已築造總長度達4,302公尺的南北防波堤外，更須濬挖港口及南、北主航道及北泊渠與中泊渠使有足夠水深供船舶航行(詳圖2)。為濬挖航道、北泊渠以及中泊渠所產生的泥沙數量至1995年以達131,800,000m3，台中港將這些泥沙悉數作為填築新生地，至同期所填新生地已廣達220公頃，今天台中港舉目所見的廣大陸地，絕大部分均是以此方式產生。在航道濬通前及填築新生地前，均須建造海堤，以保護所填築的新生地或碼頭後線的安全及航道的平靜。至1999年底總共建造的海堤已超過120,000m，建造這些海堤，常常需要面臨克服海堤合攏的難題，尤其台中港潮差又大，若遇到較大面積的合攏工作，真是一件艱辛的工作，若無周詳的計劃則無法順利達成目標。
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台中港自1973年開始建港以來，完成了多次大大小小的海堤合攏：其中以1990年；為配合台電火力電廠建廠煤輪航道濬通所施工的海堤合攏最為艱鉅。今有鑑於本港將於今(2004)年底再進行另一次大型包圍水域面積170公頃的海堤合攏工程，茲特將1990年煤輪航道海堤大合攏之資料整理；在此介紹，以便就教於諸工程先進及提供將參與今年參與南填方區（一）圍堤三標合攏工作人員參考。請諸位先進不佞賜教。以下是1990年煤輪航道海堤大合攏的施工概況：

    台中港建港工程是由1973年開始分年進行，1973年至1984年，完成第一階段北、中泊渠的商港區及西一號與西二號之危險品碼頭的建港工程，並以南堤施工道路（在三十六號碼頭附近）聯接西碼頭區，詳(圖2)。
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1985年，台電公司開始在台中港進行火力電廠建廠工程，並建造一0一號與一0二號煤輪碼頭。為配合台電煤輪進港需求，必須濬通煤輪航道，在煤輪航道濬通前，首先需將南海堤由4k延伸至9k，詳(圖3)，以確保煤輪航道及煤輪碼頭後線的安全。海堤全長五公里，海域由水深+2m至 -7m，分三標工程施工，全部採用拋石堤方式施工，詳(圖4)。施工程序如下：

1. 堤心石拋放詳(圖5a)、 (圖5b)。

2. 護坡塊石吊放，詳(圖6)。

3. [image: image26.jpg]


消波塊吊放，詳(圖7)。

4. 不織布舖設，詳(圖8)以供回填沙，產生新生地。

5. [image: image27.jpg]


澆鑄胸牆，以阻抗風浪，詳(圖9)。
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第一標工程長1,200 m，於1986年7月25日開工；由4k向南推進，第二標工程全長2,000 m，1987年1月20日開工；由9k向北進行。第三標全長1,800 m，聯接第一標及第二標。第三標於1988年6月15日開工，分別由一、二標兩端以陸拋端進方式，向南、北也就是向合攏口同時推進，在這個工程施工中，需面臨一次在台中港自建港以來也是台灣有史以來最大水域面積的海堤合攏，其所圍繞的水域面積廣達500公頃，又由於台中港潮差大，故其合攏工作之困難可想而知。將在本文詳加介紹。

2.3.2. 台中港海堤施工環境

台中港是由沙灘上建造而成的人工港。所有的海堤均在沙灘上築造而成。本研究所施工的海堤水深由+2m~-6m。

2.3.2.1. 台中港海象及水文條件

2.3.2.1.1. 潮位

H.H.W.L.    EL 5.86 m

M.H.W.L.    EL 4.45 m

M.W. L.   EL 2.63 m

M.L.W.L.  EL 0.82 m

L..L.W.     EL –0.55 m

2.3.2.1.2. 海流

台中港的海流介於40cm/s~116cm/s流速不大，不影響施工。

2.3.2.1.3. 季風

台中港冬季從十一月至次年四月為季期。尤其於十二至次年二月季風強勁。海堤工程大多停止施工。偶而為了趕進度勉強施工。則石料損失嚴重。

2.3.2.1.4. 颱風

對台中港造成最大破壞的颱風以第二路徑與第五路徑最為嚴重。而第二路徑若發生在九月以前；因受到中央山脈的屏障。造成破壞的機率不大。但九月以後因受到東北季風雙重的影響。常常對台中港造成破壞 例如1975年的貝蒂颱風1986年的艾貝颱風均帶來相當大的破壞。當然亦有行怪異的颱風：如韋恩颱風、娜莉颱風等也給台中港帶來很大的破壞。

2.3.3. 1989年煤輪航道海堤大合攏的施工實況

由以上資料顯示。潮差大、季風強又會遭受颱風的侵襲。不難了解台中港海堤施工的困難度。尤其本文所探討的海堤合攏。其所包圍的水域面積廣達500公頃。要克服季風、颱風風浪及一天兩次的漲落潮所造成的強大流速的影響，若以一般方法合攏必有困難。且亦頗為危險。因此須事先研究。規劃一安全可行的方法。方可使合攏工作順利完成。以下是為本合攏所做的研究：

因為初步預估若無其他措施本海堤合攏時合攏口潮水的流速將遠遠超過5.7 m/sec，難以覓尋足以克服如此大流速潮水的大塊石，因此決定挖開臨時施工便道，以助宣洩部分水流，並以管涵建造一座連絡便橋，以便在海堤未合攏；道路未改道前，繼續維持化學品碼頭區的交通。依此原則做下列分析：

(1) 不同潮位下，不同海堤合攏口寬度的流速。

(2) 不同潮位下，不同臨時便道開口寬度的開口流速。

(3) 同時在不同潮位下，不同海堤合攏口寬度與不同臨時便道開口寬度的兩個開口流速。

(4) 選擇適當的石料。

研究的結果

(1) 開口的流速受潮差的影響大於受開口寬度的影響。

(2) 若沒挖開臨時便道，則海堤合攏口的流速將超過5.78 m/sec。

(3) 海堤合攏後連絡便橋的寬度60 m時在潮位為5.64 m時的流速為3.38 m/sec

以上的分析詳表1~3及圖10~11。

表1 不同潮差不同寬度下合攏口的流速

	潮位
	5.64m

	流速

(m/sec)
	合攏口角寬度m

	
	180
	140
	100
	60
	20
	10

	合攏口水深感
	-5m
	0.83
	1.06
	1.49
	2.45
	5.10
	5.73

	
	-4m
	0.91
	1.18
	1.64
	2.69
	5.23
	5.76

	
	-3m
	1.03
	1.32
	1.83
	2.97
	5.35
	5.78

	潮位
	4.64 m

	流速(m/sec)
	合攏口角寬度m

	
	180
	140
	100
	60
	20
	10

	合攏口水深
	-5m
	0.71
	0.92
	1.29
	2.12
	4.55
	5.17

	
	-4m
	0.79
	1.02
	1.43
	2.34
	4.69
	5.20

	
	-3m
	0.89
	1.15
	1.60
	2.61
	4.81
	5.22

	潮位
	3.74m

	流速(m/sec)
	合攏口角寬度m

	
	180
	140
	100
	60
	20
	10

	合攏口水深
	-5m
	0.60
	0.77
	1.08
	1.80
	3.99
	4.61

	
	-4m
	0.67
	0.86
	1.21
	1.99
	4.13
	4.64

	
	-3m
	0.76
	0.98
	1.37
	2.23
	4.26
	4.67


表2 不同潮差下不同寬度下臨時道路的流速

	潮位
	5.64m

	流速(m/sec)
	臨時道路開口寬度

	
	180
	140
	100
	60
	20
	10

	聯絡便橋水深
	-3m
	1.02
	1.31
	1.82
	2.98
	5.41
	5.86

	
	-2m
	1.16
	1.48
	2.07
	3.31
	5.53
	5.89

	
	-1m
	1.33
	1.71
	2.37
	3.70
	5.64
	5.91

	潮位
	4.64m

	流速(m/sec)
	臨時道路開口寬度

	
	180
	140
	100
	60
	20
	10

	聯絡便橋
	-3m
	0.89
	1.15
	1.60
	2.61
	4.87
	5.30

	
	-2m
	1.02
	1.31
	1.82
	2.93
	4.99
	5.33

	
	-1m
	1.18
	1.52
	2.11
	3.31
	5.09
	5.35

	潮位
	3.74m

	流速 (m/sec)
	臨時道路開口寬度

	
	180
	140
	100
	60
	20
	10

	聯絡便橋
	-3m
	0.76
	0.98
	1.37
	2.24
	4.32
	4.74

	
	-2m
	0.88
	1.13
	1.57
	2.54
	4.44
	4.77

	
	-1m
	1.03
	1.32
	1.84
	2.90
	4.55
	4.79


表 3 不同情況下的流速(m/sec)比較

	合攏口寬度及深度：10m, -4m

臨時道路開口寬度及深度：60m, -2m

	潮位 (m)
	5.64
	4.64
	3.74
	2.77
	1.80
	0.90

	合攏口
	海堤

單一合攏口
	5.76
	5.20
	4.64
	3.96
	3.13
	2.10

	
	加便道開口
	5.34
	4.80
	4.24
	3.56
	2.72
	1.67

	
	折減率
	7.29
	7.69
	8.62
	10.10
	13.10
	20.48

	便道開口
	便道

單一開口
	3.31
	2.93
	2.54
	2.04
	1.46
	1.17

	
	海堤及便到雙重開口
	2.67
	2.35
	2.02
	1.62
	1.14
	0.62

	
	折減率
	19.34
	19.80
	20.47
	20.59
	21.92
	47.01


表 4 流速(m/sec)與塊石重量的關係
	合攏口寬度及深度： 10m; -4.0m

臨時道路開口寬度及深度： 60m; -2.0m

	潮位 (m)
	5.64
	4.64
	3.74
	2.77
	1.80
	0.90

	海堤單一合攏口

	
	流速
	5.76
	5.20
	4.64
	3.96
	3.13
	2.10

	
	塊石重量 (kg), (1:2 slope)
	5,590
	3,030
	1,532
	592
	145
	12.3

	海堤及便到雙重開口

	
	流速
	5.34
	4.80
	4.24
	3.56
	2.72
	1.67

	
	塊石重量 (kg),  (1:2 slope)
	3,551
	1,873
	890
	312
	62
	3.3
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圖. 10  潮差 5.64m 合攏口流速
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合攏步驟

步驟一 

挖開施工便道並建造乙座連絡便橋，以便可宣洩部分水流；降低合攏口的流速，又可維持化學品碼頭區的交通。圖12是連絡便橋水流狀況。

步驟二

以海拋的方式；在預估合攏口的位置預先拋築一道潛堤，詳(圖13)，以進一步降低流速及減少合堤時陸拋石料的數量。

步驟三                        

以一至五噸的塊石合堤，合堤時須事先在兩岸儲存足夠的塊石，俟潮水降至最低時，同時間以卡車及推土機將石料推下一口氣將堤口封死，詳(圖14)。

2.3.4. 結論

海堤合攏是在海堤施工常遭遇的難題，尤其大海域面積的海堤合攏更是艱鉅，且具有高度危險性，若事先不詳細規劃；草擬安全可靠的施工方法，除了合攏工作可能失敗外，亦有可能造成生命財產的損失。

海堤合攏工作的規劃首先要了解：

1. 海堤合攏所包圍之海域面積。

2. 潮差情形。

3. 天氣海象狀況。

4. 海堤合攏時的預估流速。

5. 選擇適當的塊石料及施工方法。

1990年煤輪航道海堤大合攏的施工所採用的方法是：除了因所包圍的水域面積廣達五百公頃，故先在施工便道位置築造一座連絡便橋，以便宣洩部分流量，以便降低合攏口的流速，同時又在合攏段以海拋方式拋築一座潛堤，再度降低合攏口的流速；至可以3~5噸的塊石抵抗水流的情況下，最後以3~5噸的塊石，成功地完成此台灣史上最大水域面積的大合攏。今年底，台中港將進行另一個海堤大合攏，也將採用同一方法施工，希望也能順利達成任務，同時也在此真誠的希望諸位先進專家學者不佞賜教。

註：為了配合整篇報告的編排；本篇譯文將原文編排項次略加修正。

叁、心 得

這次出國，在國際性研討會發表有關台中港包圍大水域面積圍堤施工論文，我認為頗有價值，因為台中港係從沙灘上建設而成的人工港，世界上先例不多，藉此論文的發表也將台中港的建港過程略加介紹，讓與會專學者認識台中港，尤其台中港的圍堤造地工程，除了成功地控制大家所擔心的台中港多沙的問題外，也因此產生廣大的新生地，與會學者對此頗感興趣。同時在會中也與荷蘭籍的專家們討論圍堤造地的經驗，他們以沉箱合提的方法頗值得我們學習。

本次大會能吸引四十六個國家參與盛會，九十一場次的演講，場面壯觀、內容豐富，只可惜也許是場次太多，大會居然未準備電腦，因此未自被電腦的演講者，只能以投影片代之，降低演講的精采度，時在可惜，希望大會下次能克服困難，在各會場準備電腦及單槍投影機。

國內對工程施工的資料分析整理之工作做得不如先進國家，因此許工程的施工經驗無法傳承，先進國家的做法頗值得我們學習。

肆、建 議

(一) 本次在國立台灣海洋大學簡連貴教授的鼓勵力下，赴法國，第一次在國際學術研討會ISOPE做論文發表，使本人收穫良多，除了增長見識與信心，使當本人奉命在本 (2004) 年八月二十五日在太平洋港口協會第九十一屆APP (91st Annual Conference Association of Pacific Ports) 年會，代表台中港發表台中港的回顧與展望(The History And Vision of Port Of Taichung)時，更能充滿信心。因此建議工程單位之工程師們，能多參與國際性的論文發表，以充實見聞。

(二) 透過論文發表及問題討論，讓國外學者能了解台中港的建港情形，及我們如何克服困難如期完成建港工程，與會的學者對於台中港是一個從沙灘上建造而成的人工港均頗感興趣，都表示：有機會一定會到台中港參觀。荷蘭籍的博士提到在荷蘭採用沉箱合提的做法也值得我們學習。

(三) 本屆ISOPE年會吸引全世界有46個國家參加，有91場次總共461篇論文發表，內容相當豐富。其中本人對風力及洋流能源的利用開發最感興趣，也頗值得我國正在開發風力發電之參考。

(四) 法國人以人工圍堤方式建造許多遊艇、帆船港，這也值得正在發展觀光的我國作為參考。

(五) 台灣目前各大學教授在國際論文發表頗為踴躍，但在國際上發表的重大工程實際施工的成果報告則嫌不足。建議今後國內重大工程工有機會盡量在國際學術研討會發表成果論

(六) 法國人對天然環境及歷史古蹟的維護不遺餘力，也值得我們效法。

]

]]
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Seawall Enclosing Operation of Large Reclamation Project
Chui-chen (Jim) Chiu ; James Shyu
1、 Deputy Director, Harbor Engineering Office, Taichung Harbor Bureau; President, James Shyu & Associates
2、 Taichung, Taiwan; Taipei, Taiwan
ABSTRACT
Engineers are often confronted with the task to enclose the huge seawater area at the final stage of the seawall construction work for a reclamation project. The seawall enclosing operation in the year of 1990 is a good example both in project size and construction difficulties in the Port of Taichung, Taiwan. This paper illustrates the field operation and theoretical analysis of the seawall enclosing operation to share our experiences with all the engineers and experts who are interested in this topic. 

INTRODUCTION
The Port of Taichung is a man made port built on a flat, shallow beach, located on the central west coast of Taiwan (Fig. 1). In its natural setting, this area lacked a means of natural protection  for ships to enter the Port, and offered an inadequate water depth for ship navigation. Therefore at the beginning of the Port Construction project, it was needed to build a long North Breakwater and South Breakwater to provide protection for ships from strong winds and strong waves.  And in order to offer an acceptable depth for ship navigation, it was need to dredge the Entrance and main channels. And as a part of the Construction project, we also design a wharves building plan to offer numerous facilities for cargo loading and unloading.  As the implement of the Port Building Project, The Port of Taichung has become a World-class international port, and it also has reach a splendid operation.

The Construction Project has built since 1973, up to 1995, the Port has built the North breakwater and South Breakwater to a total length of 4,302m (Fig. 2) to offer perfect protections for ships from strong winds and strong waves. The Entrance and main channels and turning basins were all dredged to the water depth of –13m to ensure the category 60,000 DWT vessels to enter the port.  As well as twenty-eight berths and their facilities were built t to offer cargo loading and unloading.

During In the dredging of the entrance and main channels, it produced a volume of 131,800,000 m3 of sands.  All of the sand has been used for backfilling to create a area of 2200 ha of new land in the port area. Majority the lands use in the Port area has been produced by this reclamation method.
Before the commencement of the reclamation of a new land area, it is necessary to build a seawall to enclose the seawater area then sand could be backfilling forming new land itself. During the construction of the seawalls, engineers have to confront with a tough work which is the closing of the gap of the seawall at the final stage of the construction work while it was built from both two ends; the problem becomes serious when the enclosing area behind the seawall is very huge. Several gap-closing of seawalls had been done since the port started the construction work in 1973. The toughest and the most dangerous one was finished in 1990, which enclosed a water area of 500 ha.  The high tidal
 range with 3.6m in average and 6.4m maximum in The Port of Taichung made the closing work of the large area even more difficult and dangerous. Therefore, a detail plan shall be carefully prepared prior to the execution of the seawall closing work.  Otherwise, should there be any mistake happen during the gap closing operation; it will be a disaster to the engineers and the port authority. Fortunately, the job was well organized, the gap-closing was finished successfully. 
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Fig. 2 Master Plan of Port of Taichung before 1996

The tidal ranges of the Port of Taichung are as follows:
H.H.W.L.

EL 5.86 m

M.H.W.L.

EL 4.45 m

M.W. L.

EL 2.63 m

M.L.W.L.

EL 0.82 m

L.L.W.L. 

EL –0.55 m
The winter monsoon season of Port of Taichung lasts from November to April next year. On the average, there are 3.7 typhoons hit Taiwan annually. But only 1.84 of them hit the Port of Taichung, and very few of them caused severe damage to the port. 
The seawall from 4K to 9K with a total length of 5,000m (Fig. 3) completed in 1990 is a rubble-mound seawall (Fig. 4). It was built on sand sea floor with water depth ranging from –5m to -7m. The construction procedures of the seawall are as follows:

· Placing the geo-textile on the sea bottom, 

· Dumping cobble stones (Fig. 5a, b) as the core materials of the seawall, 
· Placing rocks (Fig. 6) on both sides of the seawall as the filter layer of the seawall, 
· Placing armor units (Fig. 7) on both sides to protect the core materials from washing away by the strong waves, 
· Placing fabric (Fig. 8) on the land side as the filter to prevent the leaking out of the backfilling sand behind the seawall. 
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Fig. 3 The location of the seawall
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Fig. 4 The cross section of the seawall
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Fig. 5 (a) A truck is dumping cobble-core stones
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Fig. 5 (b) A truck is dumping cobble-core stones
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Fig. 6 Placing rocks
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Fig. 7 Placing armor units
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Fig. 8 Placing fabrics on land side
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Fig. 9 (a) Casting crown walls
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Fig. 9 (b) Casting crown walls
The construction of the seawall is divided into three phases.  Phase I extends the seawall from north to south while Phase II extends the seawall from an opposite direction, south to north. The seawall in Phase III is 1,800m long, which connects the seawalls built in the previous phases. The construction of the seawall in Phase III starts from the two ends left by phase I and II, so eventually it has to face the gap-closing problem.  Definitely, it is extremely difficult to close gap of the seawall which was enclosing 500 ha of seawater area. The difficulty imposed on the closing operation lies in the fact that the water area is so big as well as the tidal range is also very large with an annual average of 3.6m and 6.4m maximum. Once the gap of the seawall become narrower during the progress of the gap-closing, the speed of water flow through the gap will increase which will induce the washing away of the rock. A pre-study analysis shall be done to investigate the problems related to the gap-closing operation of the seawall. According to a preliminary estimate, the flow speed could reach 10 knots; it was too difficult to find large enough rocks which could withhold the force induced by the high-speed water flow. Therefore, several steps were adopted before the commencement of the gap-closing operation.
STUDY OF THE GAP-CLOSING OPERATION
Scope of the Study

In order to have a smooth field operation, several issues related to the gap-closing operation were studied by a local engineering consultant provide the background information for the field engineers as references and guide to prepare the field implementation plan. In order to reduce the flow velocity during the enclosing operation, it was proposed to create another opening for water flow at the temporary construction road. The study of the gap-closing operation includes the following issues.
· The average flow velocities at the seawall gap under different opening widths
· The average flow velocities at the opening of the temporary construction road under different opening widths
· The correlation between the average flow velocities at the gap and the new opening of the temporary construction road
· The size and quantity of the rock needed for the enclosing operation
The Result of the Study

The study revealed the following results:
a. The flow velocity at the gap is more sensitive to the tidal difference rather than the variation of water widths.

b. Without the additional opening at the temporary construction road, the average flow velocity with 10 meter gap width  could reach 11 knots (5.76 m/sec) under 5.64m tidal difference.

c. The flow velocity at the 60 meter wide new opening at the temporary construction road after the closure of the seawall gap could reach 6 knots (3.31 m/sec) under 5.64m tidal difference.

d. With the new opening of 60 meter at the temporary construction road, the average flow velocity at the gap of 10 meter with 5.64m tidal difference could be reduced from 5.76 m/sec down to 5.34 m/sec, a 7.29% reduction of the flow velocity.  If the tidal difference is 3.74m, the velocity could be reduced from 4.64 m/sec down to 4.24 m/sec, an 8.62% reduction of the flow velocity.

e. The average flow velocity at the 60 meter wide new opening of the temporary construction road could be increased from 2.67 m/sec to 3.31 m/sec after the gap-closure of the seawall.

f. Part of the results of the analyses are shown on Tables 1~3 and Figs. 10~11 respectively.

g. The gap-closing operation should be executed at the lowest tidal difference, the material should be stocked in advance near the site and mobilization of enough proper equipment is also a key factor to the success of the operation.

h. The minimum weight of the rock for the gap-closing operation could be reduced from 1,532 kg down to 890 kg after the installation of the new opening at the temporary construction road under a 3.74m tidal difference.  The calculated sizes of the rocks under different construction conditions are shown on Table 4.
Table 1 Average Flow Velocities of Gap under Different Tidal Difference

	Tidal Difference
	5.64m

	Flow Velocity (m/sec)
	Width of the Gap

	
	180
	140
	100
	60
	20
	10

	Water Depth at the Gap
	-5m
	0.83
	1.06
	1.49
	2.45
	5.10
	5.73

	
	-4m
	0.91
	1.18
	1.64
	2.69
	5.23
	5.76

	
	-3m
	1.03
	1.32
	1.83
	2.97
	5.35
	5.78


	Tidal Difference
	4.64m

	Flow Velocity(m/sec)
	Width of the Gap

	
	180
	140
	100
	60
	20
	10

	Water Depth at the Gap
	-5m
	0.71
	0.92
	1.29
	2.12
	4.55
	5.17

	
	-4m
	0.79
	1.02
	1.43
	2.34
	4.69
	5.20

	
	-3m
	0.89
	1.15
	1.60
	2.61
	4.81
	5.22


	Tidal Difference
	3.74m

	Flow Velocity(m/sec)
	Width of the Gap

	
	180
	140
	100
	60
	20
	10

	Water Depth at the Gap
	-5m
	0.60
	0.77
	1.08
	1.80
	3.99
	4.61

	
	-4m
	0.67
	0.86
	1.21
	1.99
	4.13
	4.64

	
	-3m
	0.76
	0.98
	1.37
	2.23
	4.26
	4.67


Table 2 Average Flow Velocities at the Temporary Construction Road under Different Tidal Difference

	Tidal Difference
	5.64m

	Flow Velocity(m/sec)
	Width of the Opening

	
	180
	140
	100
	60
	20
	10

	Water Depth at the Opening
	-3m
	1.02
	1.31
	1.82
	2.98
	5.41
	5.86

	
	-2m
	1.16
	1.48
	2.07
	3.31
	5.53
	5.89

	
	-1m
	1.33
	1.71
	2.37
	3.70
	5.64
	5.91


	Tidal Difference
	4.64m

	Flow Velocity(m/sec)
	Width of the Opening

	
	180
	140
	100
	60
	20
	10

	Water Depth at the Opening
	-3m
	0.89
	1.15
	1.60
	2.61
	4.87
	5.30

	
	-2m
	1.02
	1.31
	1.82
	2.93
	4.99
	5.33

	
	-1m
	1.18
	1.52
	2.11
	3.31
	5.09
	5.35


	Tidal Difference
	3.74m

	Flow Velocity (m/sec)
	Width of the Opening

	
	180
	140
	100
	60
	20
	10

	Water Depth at the Opening
	-3m
	0.76
	0.98
	1.37
	2.24
	4.32
	4.74

	
	-2m
	0.88
	1.13
	1.57
	2.54
	4.44
	4.77

	
	-1m
	1.03
	1.32
	1.84
	2.90
	4.55
	4.79


Table 3 Comparisons of the Flow Velocity under Different Site Conditions

	The gap width and water depth of the seawall: 10m; -4.0m

The opening width and water depth of the road: 60m; -2.0m

	Tidal difference (m)
	5.64
	4.64
	3.74
	2.77
	1.80
	0.90

	Seawall
	Single Opening
	5.76
	5.20
	4.64
	3.96
	3.13
	2.10

	
	Dual Opening
	5.34
	4.80
	4.24
	3.56
	2.72
	1.67

	
	Rate of Reduction
	7.29
	7.69
	8.62
	10.10
	13.10
	20.48

	Road
	Single Opening
	3.31
	2.93
	2.54
	2.04
	1.46
	1.17

	
	Dual Opening
	2.67
	2.35
	2.02
	1.62
	1.14
	0.62

	
	Rate of Reduction
	19.34
	19.80
	20.47
	20.59
	21.92
	47.01


Unit of Flow Velocity: m/sec

Table 4 Comparisons of the Flow Velocity & Weight of the Rock under Different Site Conditions

	The gap width and water depth of the seawall: 10m; -4.0m

The opening width and water depth of the road: 60m; -2.0m

	Tidal difference (m)
	5.64
	4.64
	3.74
	2.77
	1.80
	0.90

	Single Opening

	
	Flow Velocity
	5.76
	5.20
	4.64
	3.96
	3.13
	2.10

	
	Weight of the Rock (kg, 1:2 slope)
	5,590
	3,030
	1,532
	592
	145
	12.3

	Dual Opening

	
	Flow Velocity
	5.34
	4.80
	4.24
	3.56
	2.72
	1.67

	
	Weight of the Rock (kg, 1:2 slope)
	3,551
	1,873
	890
	312
	62
	3.3


Unit of Flow Velocity: m/sec
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Fig. 10 Flow Velocities at the Gap with Different Opening Width under 5.64m Tidal Difference
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Fig. 11 Flow Velocities at the Opening of Temporary Construction Road under 5.64m Tidal Difference

THE EXECUTION OF THE GAP ENCLOSING WORK
First Step: removing off the temporary construction road and built a pipe culvert

The temporary construction road which was firstly built for the transportation of the Chemical Product Area to the site of south 
breakwater is the north boundary of the enclosed water area.  After the completion of the south breakwater, it serves as the connecting access to the west chemical terminals. The transportation should not be interrupted, so a pipe revetment which used the large diameter scrap drainage pipes as the foundation of the revetment was built for the passage of the water flow to reduce the flow velocity at the seawall gap (Fig .12).
Second Step: To Build a Submerged Dike
When the gap of the seawall is less than 100m, the velocity would be as high as 1.83 m/sec; it is difficult to place the geo-textile on sea bottom. So the geo-textile was laid on the sea floor of the designed location when the width of the gap reached 150m, then followed by the rocks dumping from the barges (Fig. 13) to form a submerged dike. The submerged dike will not only reduce the velocity of water flow and the volume of rock needed to be placed during the gap enclosing operation but also provide the protection to prevent the erosion of the seafloor. The construction of the submerged dike did give a lot of help to the seawall enclosing work. 

Third Step: The Construction of the Seawall Gap

Finally, here comes the most difficult part of the construction work, the enclosing of seawall gap. As the construction of the seawall continues, the distance of the gap becomes narrower by and by. When the gap is less than 100m long, the core material is changed from cobble stones to 1~3 tons rocks (Fig. 14), and the weight increases to 3~5 tons when the gap width is less than 30m. All the rocks needed for the enclosing operation are stocked on both banks of the gap. When the width of the gap is less than 20m and the forecasted tidal range is at minimum, dumping trucks and bulldozers push the 3~5 ton rocks down into the gap from both ends of the gap simultaneously to form a solid seawall to enclose the gap and block the high speed water flow before the tide rises. Unfortunately, the moment of the anticipated low tide was at night, and another emergence condition occurred that a typhoon storm changed its direction and would hit the port six hours earlier than the forecasted time. If we fail to enclose the gap before the arrival of typhoon, the
 

gap section of the seawall would be destroyed by the storm. And it is very difficult to do any construction work during the coming monsoon season. The gap enclosing work might delay for another six months until the end of monsoon next year. So we made the decision to close the gap even though we were not well prepared for the execution of the gap enclosing work.  Once the gap of the seawall was sealed by the dumping rocks, everybody at the construction site celebrated the great moment they have been waiting for such a long time by yelling to the sky.

CONCLUSIONS

Confidence is a very important factor to accomplish a difficult task. The enclosing of the gap of the seawall in 1990 is smoothly executed through careful and extensive preparation and study of the details prior to the fieldwork. This is a remarkable seawall enclosing project considering from the dimension and construction difficulty. Probably there are other better ways to do the similar project around the world, we are proud that we have done it smoothly without any trouble.
The Port of Taichung has undergone several expansion projects to meet the demand of port facilities due to the rapid growth of the business, The port now owns forty-six berths, the entrance and main channels have been continuing dredged down to the water depth of –16m to accommodate carriers with larger tonnage ships of 125,000 tons. The deepening dredge will be finished in 2005. To dredge the entrance and main channels we will gain a huge volume of 30,600,000 M3 of sand. We also use this huge volume of sand for backfilling and will produce another 220 ha new land. Therefore, the building of new seawalls is underway, and there will be other seawall enclosing work need to be done in 2004. With our previous experiences and knowledge on the seawall enclosing work, we will be happy to face the challenge and we believe we will do a good job again.
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照片1 初抵巴黎戴高樂機場





照片2 巴黎戴高樂機場等候高鐵








照片3 在黎戴高樂機場等候高鐵








照片4 ISOPE—2004 會議中心





圖1. 浮筒式風車之一





圖2. 浮筒式風車之二








圖12連絡便橋潮水宣洩之壯觀景象








圖. 11 潮差5.64m 臨時便橋流速
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圖9(b). 澆製胸牆








圖9(a). 澆製胸牆





圖8. 不織布舖設








Fig. 13 A barge wa16 The final enclosing of the seawall gap 
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Fig 1. the location of Port of Taichung





圖7. 消波塊吊放








圖6. 塊石吊放





圖5(a) 海堤堤心料拋放圖之一








圖5(b). 海堤堤心料拋放圖之二











圖4. 海堤斷面圖
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圖3. 南海堤計劃圖





圖1.台中港位置圖








圖14 堤口合攏情形  





圖13 合攏口海拋潛堤








Fig. 12 The water flow through the pipe revetment of the temporary road








Fig 14 The final enclosing of the seawall gap 
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