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「石油コンビナートの防災アセスメント指針」改訂の概要
2013年1月22日

(財)消防科学総合センター

主な修正事項

第１章  防災アセスメントの目的と対象 第１章  防災アセスメントの目的と対象

1.1 防災アセスメントの目的 1.1 防災アセスメントの目的

指針の改訂経緯、位置付けに関して追記。
・2011年東日本大震災を踏まえて改訂。
・指針は参考として示すものであり、指針で取り上げていなくとも重要な事
項については評価に加える必要がある。

1.2 防災アセスメントの対象 1.2 防災アセスメントの対象
対象災害については、地震時の災害を短周期地震動（強震動及び液状
化）、長周期地震動、津波による災害に分けて記載。

第２章  防災アセスメントの考え方 第２章  防災アセスメントの基本概念

2.1 防災アセスメントの基本概念 2.1 防災アセスメントの考え方

確率的なリスク評価を行う災害事象と、その他の評価方法を適用する災
害事象があるため、初めに整理する。
・定量的評価（確率的手法）
・定量的評価（確定的手法）
・定量的評価が困難なものについては補足にとどめる。

2.2 防災アセスメント手法の概要 2.2 確率的なリスク評価の考え方 イベントツリーを用いた確率的評価手法の概要をまとめる。

2.3 評価レベル(評価の細かさ) 2.3 評価レベル(評価の細かさ)

2.4 評価にあたっての留意点 2.4 評価にあたっての留意点

第３章  評価対象施設の選定と区分 第３章  評価対象施設・地震の想定

3.1 対象施設の選定 3.1 対象施設

3.2 対象施設の区分 3.2 地震の想定
防災アセスメントにおいて想定する地震について追加。
・原則として、地域防災計画における地震・津波の想定と整合を図る。

第４章  平常時の防災アセスメント 第４章  災害の発生・拡大シナリオの展開
「災害の発生・拡大シナリオの展開」について新たに章立て（平常時・地
震時）。

4.1 災害の拡大シナリオの想定 4.1 初期事象の設定

4.2 災害の発生危険度の推定 4.2 事象分岐の設定

4.3 災害の影響度の推定 4.3 イベントツリーの展開

4.4 総合的な災害危険性の評価 4.4 各シナリオの評価方針

第５章  地震時の防災アセスメント 第５章  確率的なリスク評価 平常時の事故、短周期地震動による被害に関する確率的なリスク評価。

5.1 前提となる地震動の想定 ・地震の想定は第3章に移動

5.2 災害の拡大シナリオの想定 ・シナリオの想定は第4章に移動

5.3 災害の発生危険度の推定 5.1 災害の発生危険度の推定
・地震時の災害発生危険度については、過去の地震による被害の発生
率や、被害モデルに基づく推定方法を例示する。

現指針の目次構成

・平常時及び地震時（短周期地震動、長周期地震動、津波）において起こ
り得る災害についてシナリオを示す。ただし、全ての災害について定量的
な評価が行えるわけではない。
・シナリオは単独災害、大規模災害に分けて検討。
・各シナリオ（平常時、短周期地震動、長周期地震動、津波災害事象）は
それぞれの特性に応じた評価方法を適用する。

改訂指針の構成案
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主な修正事項

5.4 災害の影響度の推定 5.2 災害の影響度の推定 ・基準値を見直すと共に、基準値設定の根拠となるデータ等を示す。

5.5 総合的な災害危険性の評価 5.3 総合的な災害危険性（リスク）の評価
・平常時及び地震時における想定災害の抽出基準、低頻度大規模災害
の扱いについて示す。

第６章  長周期地震動による被害の評価 「長周期地震動による被害の評価」について新たに章立て。

6.1 速度応答スペクトルの算定

6.2 スロッシング波高の算定

6.3 溢流量の推定・流出火災の想定（浮き屋根式）

6.4 タンク火災の想定（浮き屋根式）

6.5 ドレン排水口からの流出想定（浮き屋根式）

6.6 内部浮き蓋付タンクの災害想定

6.7 固定屋根式タンクの災害想定

6.8 想定災害の影響評価

第７章　大規模災害の評価 「大規模災害の評価」について新たに章立て。

7.1 危険物タンクの災害

7.2 高圧ガスタンク（可燃性）の災害

第８章　津波による災害の評価 「津波による災害の評価」について新たに章立て。

8.1 危険物タンクの被害

8.2 高圧ガスタンクの被害

第６章  防災アセスメント結果の活用と公表 第９章  防災アセスメント結果の活用と公表 現状の問題点を踏まえ必要な修正を行う。

6.1 防災アセスメント結果の活用
9.1 防災アセスメント結果に基づく対策の考
え方

・対策への反映例をできるだけ具体的に記載。

9.2 大規模災害を想定した避難計画の考え
方

・防災アセスメント結果の避難計画への活用の考え方を追加。

6.2 防災アセスメント結果の公表 9.3 防災アセスメント結果の公表

補足 緊急停止に係る安全上の留意事項 ・近年発生している緊急停止時の事故について補足。

参考資料 参考資料

参考資料1  災害拡大ETの一例
参考資料1  災害の発生・拡大シナリオの一
例

・イベントツリーの見直しを反映

参考資料2  災害現象解析モデルの一例 参考資料2  災害現象解析モデルの一例 ・災害影響の評価手法の見直しを反映

参考資料3  スロッシングによる溢流量の計
算

・新規追加

参考資料4  屋外タンク貯蔵所の津波被害シ
ミュレーションツール

・新規追加

現指針の目次構成 改訂指針の構成案

2 / 88



 

 
 

 
 
 
 
 
 

  

 

 

 

 

 

 

 

24 12  

 

 

3  
3  

 

 

 
 

3 / 88



 

 
 

  ···································································· 1 
1.1  ······················································································ 1 
1.2  ······················································································ 1 
 

  ······································································· 2 
2.1  ··················································································· 2 
2.2  ················································································ 2 
2.3  ············································································· 5 
2.4  ······················································································ 6 
 

 ················································································ 8 
3.1  ··········································································································· 8 
3.2  ······································································································ 11 
 

  ······························································· 13 
4.1  ································································································ 13 
4.2  ································································································ 15 
4.3  ······················································································· 16 

4.3.1  ····················································································· 17 
4.3.2  ·················································································· 19 
4.3.3  ············································································ 20 

4.4  ······················································································· 20 
 

  ················································································ 22 
5.1  ···················································································· 22 

5.1.1  ··············································································· 22 
5.1.2  ··············································································· 28 

5.2  ·························································································· 45 
5.2.1  ························································································ 45 
5.2.2  ······························································································ 47 
5.2.3  ······························································································ 56 

5.3  ·································································· 59 
 

  ·································································· 63 
6.1  ················································································· 63 
6.2  ···················································································· 64 
6.3  ······················································ 64 

 

 
 

6.4  ········································································ 65 
6.5  ························································· 67 
6.6  ··········································································· 67 
6.7  ·············································································· 68 
6.8  ·························································································· 68 
 

  ··················································································· 70 
7.1  ·························································································· 70 

7.1.1  ··············································································· 70 
7.1.2  ············································································ 72 

7.2  ········································································ 73 
 

 ·············································································· 75 
8.1  ·························································································· 75 

8.1.1  ··············································································· 75 
8.1.2  ··············································································· 77 

8.2  ······················································································· 78 
 

  ···························································· 81 
9.1  ························································· 81 
9.2  ······························································· 85 
9.3  ·············································································· 88 

  ······································································ 90 
 

 
 

 
 

 
 

4 / 88



 

- 1 - 
 

  
 
1.1  

 

 
6 3

13
23

 
13

 

 
 

1.2  
(1)  

 
 

(2)  
(1)

 
 

  

 

- 2 - 
 

  
 
2.1  

Event Tree ET ET

 
  
  

 
 

2.2  

 
 

(1)  

 

 
 
 
 

 
 

Fi  
Ci  

Fi N
n n/N 0 1

 1

5 / 88



 

- 3 - 
 

/ 1 1
0 1  

 
 10       100  

                100  
 5 10    200  

                200  
 2 10    500  

                500 1  

 
 

(2)  

2.1  
 
 

 

 

 

 

 

 

 

 

 

 

 

 
2.1   

 
 

 

 

 

 

 
 

  

 

 

 

                          
                                 
 
 
      
 
 
        
   
 
    
        
   
 
 
        

  BB   AA  AAA  AAA 

  CC   BB   AA  AAA 

  AA   BB   CC   DD 

  DD   DD   CC   BB 

 

 

- 4 - 
 

(3)  
 

Eve
nt Tree Analysis ETA

ET
ET

2.2  

 
 

ETA
Fault Tree Analysis FTA

AND OR
2.3  

 
 

 

 

 

 

 

 

 

 

 
2.2  

 

  

 

:FA=F0 P1 P2 

B 

:FB=F0 P1 (1-P2) 

C 

:FC=F0 (1-P1) 

 

:F0 

:P1 

:P2 

1-P2 

1-P1 

6 / 88



 

- 5 - 
 

 

 

 

 

 

 

 

 

 

 

 

 
2.3  

 
 

2.4

 
 

 

 

 

 

 

 

 

 

 
2.4  

 
2.3  

 

 

 
 

 
 

 

   
 

 

 
   

 

( ) 

 
 

 
 

 
 

 
 

 

 

   

 

- 6 - 
 

 
E

TA

 

 
 

2.4  

 
ETA

 

10 3 2
10 3 10 10

 

7 / 88



 

- 7 - 
 

(EPA) (NOAA) ALOHA

 
 

ALOHA  
(EPA) (NOAA)

100

 

http://www.meti.go.jp/policy/chemical_management/cwc/link.html 
 

 

- 8 - 
 

  
 
3.1  
(1)  

 
 
  

 
 
  

 
 
  

 
 
  

 
 
  

500 1,000
11

 

8 / 88



 

- 9 - 
 

 

 
 

(2)  
ETA

 
3.1

 
 

 

- 10 - 
 

 

 
 

3.1  
 

  

  

 

 

 

 

 

LPG  

LNG  

  

 

 

  

 

  

LPG LNG  

  

 

9 / 88



 

- 11 - 
 

3.2  

 
 

    
    
    

 

 

 
 

 
M6.9

M6.9
 

 
 1

30 50 50  
 

  

 

- 12 - 
 

 
 
1 J-SHIS http://www.j-shis.bosai.go.jp/  
 

10 / 88



 

- 13 - 
 

  
 

ET
 

  
  
  

 

 
 

4.1  

ETA  

ETA

 
4.1

 

 

 

- 14 - 
 

4.1  

   

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 
 

  

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 
 
 

11 / 88



 

- 15 - 
 

4.2  
  

ET

4.2
4.3 4.4

 
 

4.2  

     
     

     

     

     
     
     

     

 

 
 

 
4.3  

     
     

     
     

     
     

 

 

- 16 - 
 

4.4  

   
   

 
   

   

 
4.3  

4.1
ET  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.1  
 

4.1 ET

 
 

  

 
 

 
 

  
  

  
 

  
  

 
 

  
  

  
  

 
 

  
 

 

 

 

 

 

 

 

 

 

 

12 / 88



 

- 17 - 
 

4.3.1  
(1)  

 
   ET ET  
   ET  
   ET  
   ET  
  ET  
  ET  

 

 
 

 
   ET  
   ET  
   ET  
   ET  

 

4.2

 

 
   ET  
   ET  
   ET  
    

 
  

 

- 18 - 
 

 
 
 
 
 
 
 
 
 
 
 
 

4.1  
 

 

 

 

ET  
   ET  
   ET  

 

4.1

 
 

(2)  

 

 

 

 

 

 
 

  

  
 

  

  
 

 

 
 

13 / 88



 

- 19 - 
 

 
   ET  
   ET  
   ET  
   ET  

 
 

   ET  
   ET  
   ET  
   ET  

 
 

   ET  
   ET  

 
(3)  

2003

ET  
  ET  
   ET  
   ET  
   ET  
   ET  

 
4.3.2  

LPG
 

ET

 

- 20 - 
 

 
 

 
   ET  
   ET  

 
 

 BLEVE*)   ET  
*) 7.2 P.73  

 
4.3.3  

ET  
 

 
   ET  
   ET  
   ET  

 
 

   ET  
   ET  

 
4.4  

 
 

(1)  
  

 
(2)  

  

14 / 88



 

- 21 - 
 

 
(3)  

  
 

(4)  

  
 

(5)  

  
 

  

 

- 22 - 
 

  
 

 
2.1  

  
  
  

 
 

5.1  
5.1.1  
(1)  

 
 

 
   

 
  

 
  

 
  

 
  

 
  

 
 

15 / 88



 

- 23 - 
 

 

 
 

 
/  

                               5.1  

 
 

 
 1989 2002 14  

 144  
 82  
   1  

 79,000  
  

 144 (79000 14) 1.3 10 /  
   82 (79000 14) 7.4 10 /  
    1 (79000 14) 9.0 10 /  

 

 
 

 

 
 
                                               5.2  
 

 

 

RT
rn

 

- 24 - 
 

 
                                               5.3  
 

1 
 1   

 
 

( )
 

(
)  
 

 

 
  
  

 
 

(2)  

/demand  
ET

 
FTA

FT
fn

16 / 88



 

- 25 - 
 

 

FTA

 

FT 5.1 5.2
 

 
 CCPS Guidelines for Process Equipment Reliability Data with Data Table  

 Center for Chemical Process Safety of the American Institute Chemical Engineers, 1989  
 WASH-1400 Reactor Safety Study, An Assessment of Accident in U.S. Commercial 
Nuclear Power Plants U.S.Nuclear Regulatory Commission, 1975  

 
  

 

- 26 - 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.1  
 

  

WASH CCPS WASH 

 
 

   
 

 
   

 
 

FTA 
 

 
5.8 10  

 

 
 

0.1 10  

 
 

0.1 10  

 
 

5.6 10  

17 / 88



 

- 27 - 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.2  
 

(3)  
ET

ETA
5.3  

 
  

WASH CCPS WASH CCPS 

 
 

   
 

 
   

 
 

FTA  
 

5.2 10  

 

 
 

0.1 10  

 
 

0.1 10  

 
 

2.8 10 - 

 
 

 
 

2.2 10  

 

- 28 - 
 

 
 
 
 
 
 
 
 
 
 
 
 

 10 /  
 

10 10 10 10 /
1 10 0.9 10 0.9 9

10 /  
 

10 10 10 10 /
1 10 0.99 10 0.99 9.9 10

/ 10-3  

5.3  
 

12  
 

5.1.2  
/

ET

 
 

(1)  

 
 

 
                  9 10-3 
                  (0.9) 
 
                    
 
                                                 10-3 
    A                                            (0.99) 
 
    10-2                                            
 
 
                    
 
                  (10-1) 
                   10-3 
                                                    
 
                                                 (10-2) 
                                                  10-5 

 
 
 
a 

 
 
   B 

 
 
 
b 

 
 
   C 

18 / 88



 

- 29 - 
 

 
1995

5.1 1

 
 

5.1  

    

 11 69 156 

 

   1 
(6.4 10 3) 

   1 
(6.4 10 3) 

  2 
(2.9 10 2) 

10 
(6.4 10 2) 

  3 
(4.3 10 2) 

4 
(2.6 10 2) 

  1 
(1.4 10 2) 

6 
(3.8 10 2) 

 
 

5.1
10 1 10 2 10 2

10 2 10 3 10 1

10 1 10 2

1,000
500 1,000

400gal
2  
 

 
LPG

H23
5.2 5.5

 
 

 

- 30 - 
 

5.2  

     
 267 129 57 16 

 

 

     

   9 
(1.6 10 1)  

20  
     

  1 
(7.8 10 3)   

 
 

     

  1 
(7.8 10 3) 

13 
(2.3 10 1) 

2 
(1.3 10 1) 

1 H22.4.1 22
2 2

23  
2  

 
5.3  

     
 2425 1437 524 90 

 

      
     

      
     

 
     

  9 
(6.3 10 3) 

1 
(1.9 10 3)  

 
 

5.4  

     
 775 779 228 129 

 

 
     

  1 
(1.3 10 3)   

   1 
(1.3 10 3)   

     

 
  1 

(1.3 10 3)   

 1 
(1.3 10 3) 

1 
(1.3 10 3)   

 

19 / 88



 

- 31 - 
 

 
5.5  

     
 291 84 43 10 

 

 
  1 

(1.2 10 2)   

   14 
(3.3 10 1)  

 
     

   2 
(4.7 10 2)  

1  
2  

 
H24

5.6 5.7

LNG
 

 
5.6 LNG  

    
 410 92 8 

 

 
 1 

(2.4 10 3)   

  4 
(4.3 10 2)  

 
 1 

(2.4 10 3)   

  1 
(1.1 10 2)  

1 LPG
 

2
 

 
  

 

- 32 - 
 

5.7  

    
 267 53 7 

 

  2 
(3.8 10 2)  

 2 
(7.5 10 3) 

4 
(7.5 10 2)  

1
 

2  
3  

 
 

 
5.4

3  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.4  
 

  

20 / 88



 

- 33 - 
 

5.8

 

2 log 0.94 
 

 

5.8
 

   0.1  
   0.01 1/10  

 
5.8  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.8 400gal 6.1 6.2 380 427gal
 

    
   2 10 1  3 10 1  
   2 10 2  3 10 2  

 

- 34 - 
 

    
   7 10 2  10 1  
   7 10 3  10 2  

 
5.1

 

5.4
10 3

10 3

 

 
 

(2)  

ET  
  
  
  
  

 
 

 

    

    

    
 

FT 5.5

21 / 88



 

- 35 - 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.5  
 

 

 
 

  
 

5.9

OR  

AND  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 

 

 
 

 
 

 
 

 
 

 

 
 

 

- 36 - 
 

10 2 10 3

 
 

5.9  
 

     

 
 2178 295 713 

    

 
 1900 560 56 

 4 
(2.1 10 3)   

 
 

 459 23 1 
    

 
 6317 937 129 

    

4.2.3  
 

 

5.10  
11

10 2 10 3  
10 1

10 2  
0

10 2 10 3

10 1 10 2

 
 

  

22 / 88



 

- 37 - 
 

5.10  

     

 
 

 6620 586 1993 

 
6 

(9.1 10 4)  
11 

(5.5 10 3) 

 
 

 2280 222 86 
    

 
 83 18 1 

  1 
(5.6 10 2)  

 
 2412 304 94 

    

 
  

5.11
1/3 2/3 100

 
 

5.11  

    
 62 24 9 
 
 

21 
(3.4 10 1) 

16 
(6.7 10 1) 

9 
(1.0) 

 
  

5.12
1/4 1/2 100

 
 

5.12  

    
 32 11 2 
 
 

8 
(2.5 10 1) 

6 
(5.5 10 1) 

2 
(1.0) 

 
  

 

- 38 - 
 

5.13

10 1 10 2  
 

5.13  

    
 95 31 1 

  1 
(3.2 10 2)  

 
 

ET
H23 5.14

10 1 10 2

10 2 10 3 5.14
 

 
5.14  

    
 

 
 

 1437 519 90 

 15 
(1.0 10 2) 

28 
(5.4 10 2) 

15 
(1.7 10 1) 

 
 

 779 221 129 

 1 
(1.3 10 3) 

12 
(2.3 10 2) 

5 
(3.9 10 2) 

 
 

 

 
(3)  

ET
ET 1-1 1-4

23 / 88



 

- 39 - 
 

 
 

 
6.2 5.8

0.1
1/10  

 
  

   1.6 10 1 
   3.1 10 2 
   1.6 10 2 
   3.1 10 3 

  
   5.5 10 2 
   1.1 10 2 
   5.5 10 3 
   1.1 10 3 

  
   1.0 10 3 
   2.0 10 4 
   1.0 10 4 
   2.0 10 5 

 
 

 
   1.0  
   0.1 
   0.1 
  1.0  
   0.1 1.0  
  10 2  
   0.1  

 
 

 
    
    

 

- 40 - 
 

    
    
 

5.15

10 3  
 

5.15  

    
    
 1.9 10 2 6.4 10 3 1.2 10 4 

    
 2.4 10 3 8.1 10 4 1.5 10 5 
 1.9 10 5 6.6 10 6 1.2 10 7 

 

 

 
 

24 / 88



- 41 - - 42 -

25 / 88



- 43 - - 44 -

26 / 88



 

- 45 - 
 

5.2  
ET

 
  
  
  

 
5.2.1  

 

 

5.16  

 
 

  

 

- 46 - 
 

5.16  

   

 
 

  
  

  
  
  

 
   

 

  
  

                                
                                

  
              
                          

  
  
  
  
  

   
   

 

  
  

  
  
  

   
   

 
  

  
  
  

 

  
  

                                
                                
              

  
              
                                
              

  
  
  
  
  
  
  

 
   

  
  

        
              

  
  
  
  
  
  

 
 

  
  

                                
              

  
              
                                
              

  
  
  
  
  
  

 

27 / 88



 

- 47 - 
 

5.2.2  

 
 
(1)  

5.17

2.3kW/m2 2,000kcal/m2h
2.4kW/m2 2,050kcal/m2h

4

10  

5 E W/m2 T s
 

E A Tn                         5.4  

5.18
5.19

11.6kW/m2 10  
1950 1960 Stoll 2

6

JIS8024:2009
 

5.6 5.19
5.19

 
 

  

 

- 48 - 
 

5.17  

   (kW/m2) (kcal/m2h) 
0.9 800  *1  
1.3 1,080  *2  
1.6 1,400  *5  
2.3 2,000  

1  
  

*3  

2.4 2,050  *4  
4.0 3,400 20

0% *5  

4.6 4,000 10 20  
 

 
*2  

8.1 7,000 10 20  *2  
9.5 8,200 8 20 2

 *5  

11.6 10,000 
  *3  

11.6  10,000  15  *2  
12.5 10,800 

 *5  

25.0 21,500  *5  
37.5 32,300  *5  

*1  
*2 1974  
*3 2001  
*4 , : , ,Vol.31,No.1(1981) 
*5 Manual of Industrial Hazard Assessment Techniques, ed.P.J.Kayes. Washington, DC: Office of 

Environmental and Scientific Affairs, World Bank. (1985) 
 
 

  

28 / 88



 

- 49 - 
 

5.18  5.4  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.19  

 
(s) 

 
(kW/m2) 

 
(kW/m2) 

5 18.7 8.1 
10 11.3 5.5 
15 8.4 4.4 
20 6.8 3.7 
25 5.8 3.3 
30 5.1 3.0 
35 4.6 2.7 
40 4.1 2.5 
45 3.8 2.4 
50 3.5 2.2 
55 3.3 2.1 
60 3.1 2.0 
65 2.9 1.9 
70 2.8 1.8 
75 2.6 1.8 
80 2.5 1.7 
85 2.4 1.6 
90 2.3 1.6 
95 2.2 1.5 
100 2.1 1.5 

 
  

 

- 50 - 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.6  
 

 
 2.3kW/m2  
 

20
5.19 5.6  

 
(2)  

11.8 kPa
0.12kgf/cm2 9.8 kPa 0.1kgf/cm2

5.20 12.3kPa 0.125kgf/cm2

5.21 5.23
 

 
  

0

10

20

30

40

50

60

( k
J/

m
2/

s)

(s)

stoll

( H6)

( H6)

29 / 88



 

- 51 - 
 

5.20 7  

  

kgf/cm2 Pa   

0.04 3900   

0.4 39200   

0.25 24500   

0.6 58800   

1.5 147100   

0.6 58800   

0.6 58800 LPG   

2.6 255000   

0.23 22600   

0.37 36300   

0.125 12300   

0.21 20600   

0.42 41200   

4.2 411900  (50%) 

 
5.21 8  

 
 

Pa kgf/m2 
7800 9800 800 1000  

14700
19600 

1500 2000  

58800
68600 

6000 7000  

 
  

 

- 52 - 
 

5.22 9  

 
 

Pa kgf/m2 
19600 2000 1%  

34300 3500 5%  

49000 5000 10%  

98100 10000 50%  

205900 21000 85%  

 
LPG

5.23 Clancy 1972
 

5.23  
 14kPa  
 7kPa  
 5kPa  
 2.8kPa  
 2.1kPa 95  

 

LPG 11.8kPa

kPa
 

 
  

30 / 88



 

- 53 - 
 

5.23 10  

 
[kPa]  

0.14 10~15Hz  137dB  
0.21  
0.28 143dB  
0.7  
1  

2.1 
0.95

10%  
2.8  

3.5~7  
5  
7  

7~14 
 

 
9  
14  

14~21  
16  
17 50%  

21 
3000lb   

 

21~28 
 

 
28  

35 
 

(40000lb)  
35~50  

50  
50~55 8~12in  

63  

70 
 

(7000lb)  
(12000lb)  

210  
 
  

 

- 54 - 
 

(3)  

 ( ) 

 

1/2 1/2 

1/2
 

 
(4)  

5.24
IDLH 5.25

AEGLs  
 AEGL-1

 
 AEGL-2

 
 AEGL-3

 
AEGLs 10 30 60

ETA
AEGLs 2011 25 11

EPA AEGL HP http://www.epa.gov/oppt/aegl/pubs/humanhealth.htm
 

 AEGL 66  
 AEGL 192  
 AEGL 12  
 AEGL 46  

5.24 5.26
IDLH AEGLs

AEGL-2 AEGE-3  
 

  

31 / 88



 

- 55 - 
 

5.24  

   

IDLH(Immediately 
Dangerous To Life or 
Health) 

National 
Institute for 
Occupational Safety 
and Health NIOSH  

30

12  
 

TLV-STEL(Threshold 
Limit Value - 
Short-term exposure 
limit) 

(American 
Conference of 
Industrial 
Hygienists ACGIH) 

TLV
1 8 1 40

TWA
Time Weighted Average

STEL STEL 15

 

AEGLs Acute 
Exposure Guideline 
Levels) 

US 
Environmental 
Protection Agency
U.S. EPA  

5
10 30 1 4 8

3 AEGL-1 AEGL-2
AEGL-3  

ERPG(Emergency 
Response and 
Planning Guidelines) 

(American Industrial 
Hygiene 
Association AIHA) 

AEGL
3 ERPG-1 ERPG-2

ERPG-3
60  

 
  

 

- 56 - 
 

5.25 IDLH 

 IDLH(ppm)  IDLH(ppm) 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

85 
2 

500 
50 
100 
20 
300 
30 
75 
50 
10 
75 
30 
200 
2 

500 
2000 
25 
800 
25 

 
 
 

 
 

 
 

 
 

 
 
 

 
( ) 

 
 

 
 

 

50 
200 
200 
3 
25 
7 
50 
500 
200 
3 
50 
30 
30 
4 
20 

1000 
150 
2 
50 

 
5.26 ppm  

IDLH TLV-STEL AEGL-1 AEGL-2 AEGL-3 ERPG-1 ERPG-2 ERPG-3 
10min 0.5 2.8 50 
15min 1 
30min 10 0.5 2.8 28 
60min 0.5 2 20 1 3 20 

4hr 0.5 1 10 
8hr 0.5 0.71 7.1 

 
5.2.3  

ET

 
  
  
  
  

 
 

32 / 88



 

- 57 - 
 

(1)  

 
 

 
  
  
  
  
  

  
  

  
  
  
  
  
  
  
  
  

 
(2)  

 
 

(3)  

 
1/100

1

 

- 58 - 
 

 

 
 

(4)  

 
 

  

33 / 88



 

- 59 - 
 

5.3  

 
 

(1)  
5.7

1980 10 6 / 13

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.7  
 

  

 
10 4 /  
10 5 /  
10 6 /  
10 7 /  
10 8 /  

 
200m  
100 200  
 50 100  
 20  50  

20  

  
     
      ( )  

  
     
       
      ( )  

 

- 60 - 
 

(2)  

10 6 /
5.2.2

10 30 50 100
30 1

5.27  
 

5.27  

30  
(%) 

 
(/ ) 

 
( ) 

0.5 1.7 10 4 5985 
1 3.3 10 4 2985 
2 6.7 10 4 1485 
3 1.0 10 3 985 
4 1.4 10 3 735 
5 1.7 10 3 585 
10 3.5 10 3 285 
20 7.4 10 3 135 
30 1.2 10 2 85 
40 1.7 10 2 59 
50 2.3 10 2 44 
60 3.0 10 2 33 
70 3.9 10 2 25 
80 5.2 10 2 19 
90 7.4 10 2 14 

 

 
 30  

10 3 / 10 3

 
 30 10  

10 2 / 10 4

 

34 / 88



 

- 61 - 
 

 30 90 88  
10 1 / 10 5

 

1995 30
0.4 14

10 4 10 5

 
 

(3)  

 

5.8  
 
 
 
 
 
 
 
 
 

5.8  
  

 
 

  

 

- 62 - 
 

 
 
1

,  
2 ,  
3 ( ) , 

12  
4) , , 

Vol.31, No.1, 1981 
5 ,  
6 STOLL, A.M. and CHIANTA, M.A., Method and Rating System for Evaluation of Thermal 

Protection.  Aerospace Medicine, 40, 1969, pp. 1232-1238 
7 P.105 1983  
8 Vol.22,No.1 P.42 1961  
9 Hirsch,F.G. : Effects of Overpressure on The Ear-A Review, Annals of the New York Academy 

of Science, Vol.152, Art.1, P.155 (1968) 
10 V.J.Clancy : Diagnostic Feature of Explosion Damege,Sixth International Meeting of 

Forestic Science, Edinburgh. (1972) 
11 AEGL  

http://www.nihs.go.jp/hse/chem-info/aeglindex.html  
12 NIOSH  

http://www.cdc.gov/niosh/idlh/idlhintr.html  
13 , , Vol.17, No.5, 1980 
14 , , 110(6), 2001 
 
  

35 / 88



 

- 63 - 
 

  
 

 
 

6.1  

6.1
SD SV

SA  
 
 
 
 
 
 
 
 
 
 
 
 
 

6.1 1  
 

 
SD ( 2 ) SV 
SV ( 2 ) SA 

2  

 

- 64 - 
 

3  
   0.01  
 0.005 0.5  
 0.005 0.5  
                  0.001 0.1  

 
6.2  

 
 

 
 

                                                   6.1  
 

 
 

 
 

’  
9.8m/s2  

Ts  
Sv(Ts) Ts m/s  

 
6.1

 
2008

2003 4  

+ =  +  
 = 0.91 ( )2                      6.2  

 
+  

6.1  
 

 
 

6.3  
+

)(2
2

837.0 SV
S

TS
Tg

D

D
H

g
DTS

682.3coth
682.3

2

36 / 88



 

- 65 - 
 

v v
6.2  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.2  
 

6.4  

 
 +  
  
 17  

 
2003

6.3
6.1

 

 
  

v  

 
 

 
 

 

   
 

 

v  v  

    

 

- 66 - 
 

12
12

4.2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.3 2003 5  
 

6.1
36 24

 
  

37 / 88



 

- 67 - 
 

6.1 6  

    

 
 36 

 
28 
398  

 4 
51  

 0 
 4 

 24 
347  

 5 
 19 

 7 
247  

 3 
 4 

 1 
 0 
 1 

 
 

16 
314  

 9 
 7 

1  
 

6.5  

6.3
 

 
6.6  

 
6.3 2003

7  

 
  
  
  
 24  

209 579

 

- 68 - 
 

 
 

6.7  

1964
2 45m 2

2 3m
2m 2003 1

8,9  

 
 

6.8  

 
  
  
  
  

 

38 / 88



 

- 69 - 
 

 
 
1 HP 

http://www.jishin.go.jp/main/yosokuchizu/glossary/response_spectrum.htm  
2 , , , Vol18, No.4, 1980 
3 , , , , , 

98, 2004 
4 46 5

(2008),276-284 
5  2003 , , Vol59, No.4, 2006 
6

, 23 12  
7 , 23

 
8 pp.102 2005 
9   2

2008.10.29 

 

- 70 - 
 

  
 

 

5.4

 
LPG

 
114gal

5.2.2

 
 

7.1  
1-1 1-4

 
   
   

 
 

7.1.1  

 
1978 20,000 30,000

70,000
6,000

39 / 88



 

- 71 - 
 

7.1  

 
 

 
  
  
  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7.1 1978 1  

 

- 72 - 
 

7.1.2  
1978

7.1

1964 30,000 45,000

7.2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7.2 1964 2  
 

 

 
 

 

40 / 88



 

- 73 - 
 

 
  
  
  

 
7.2  

LPG LPG
BLEVE*

24
25

3 100gal

 
 

  

BLEVE

 
 

  

BLEVE

 
 

  
BLEVE

 
 

* BLEVE Boiling Liquid Expanding Vapor Explosion

BLEVE BLEVE

 

 

- 74 - 
 

 
 
1  pp.80 61 3  
2  pp.77 61 3  
3

1 5 24 11
28  

 

41 / 88



 

- 75 - 
 

  
 

 

 
 

8.1  
8.1.1  

 
21 22

 

 
 

  

 
 
  

8.1

6,000 23.2 30

 

- 76 - 
 

40
 

 
  

 
8.1

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8.1 1  
 

10 100
6,000 8.1

40 10
 

(6000 0.1) 0.1 (6000 0.2) 0.1 (6000 0.3) 0.1 (6000 0.4) 0.1 600   

42 / 88



 

- 77 - 
 

100
 

 
 
  

 

23,300
km

4,400
3,900

1,200 1,400 2,3  

 
 

8.1.2  

 

 
 
 

 

- 78 - 
 

8.2  

26
4

 
8.1

8.2
5  

 
 

 
 

 
 

 
 

 
 

43 / 88



 

- 79 - 
 

8.1 5  

 

8.2 5  

   
LPG  30   

LPG  20   

   

   

 15 m3 
 

 

 

- 80 - 
 

 
 
1 , 21 3  
2
Safety & Tomorrow 142 2012 
3 2011 
4

1 5 24 11
28  

5
, 24  

 

44 / 88



 

- 81 - 
 

  
 

 
 

9.1  

 
 

(1)  

 
  
  

  
  

  
  
  

  
  
  
  

 
(2)  

 

- 82 - 
 

 
 

  

 

 
 
  

 
1978

LPG

 
 

  

45 / 88



 

- 83 - 
 

 
 

  

 
 

  

LPG
BLEVE 7.2 P.73

9.2  
 
  

 

- 84 - 
 

 
  
  
  

 
(3)  

 

 

 
  
  
  
  
  

 
 

46 / 88



 

- 85 - 
 

9.2  
1995 2011

 

 

 
 

(1)  

 
 

 
 

 
 

 
(2)  

9.1
 

 
(3)  

 
 

 
 

 
9.1  

 

 
BLEVE 7.2 P.73

BLEVE  

 

- 86 - 
 

 
(4)  

 

 

 

 

 

ALOHA 2.4 P.7

 
 

(5)  
(3)

BLEVE  

 
 

47 / 88



 

- 87 - 
 

 

 

- 88 - 
 

9.3  

 
 

(1)  

 
 

(2)  

 
 

  

 
 
  

 
 
 

48 / 88



 

- 89 - 
 

 .  

 

 
  
(3)  

 
 

 
 

 
 

 
 

 

- 90 - 
 

  
 
(1)  

7

1  

 

2

 
 

(2)  
4

 

24 8 21
197  

 
 

(3)  

 

49 / 88



 

- 91 - 
 

 
2011 11  

2  
 
2012 4  

2 23
3  

 

 
 

 

- 92 - 
 

 
 
1

, 23 12  
2  

  , 24  
3 , 2012 16  
 
 

50 / 88



 

 

 

 

 

 

 

 

   
 

参1-1 参1-2

51 / 88



参1-3 参1-4

52 / 88



参1-5 参1-6

53 / 88



参1-7 参1-8

54 / 88



参1-9 参1-10

55 / 88



参1-11 参1-12

56 / 88



参1-13 参1-14

57 / 88



参1-15 参1-16

58 / 88



参1-17 参1-18

59 / 88



参1-19 参1-20

60 / 88



参1-21 参1-22

61 / 88



参1-23 参1-24

62 / 88



参1-25 参1-26

63 / 88



参1-27 参1-28

64 / 88



参1-29 参1-30

65 / 88



 

2-1 
 

 

 

 

 

 

 

   
 

 

2-2 
 

   
 

 
 

  
  
  

  
  
  

  
  

  
  
  
  
  
  

 

 

66 / 88



 

2-3 
 

 
(1)   

 
 

                                                      
 

 
qL m3/s  

0.5  
m2  
(Pa  

p0 Pa  
/m3  

 9.8 /s2  
 

                                                     2  

/s  
Pa  

 
1-1 15 10cm2  

10 10 4 m2 
0.5 
15  

0 
 

1-2 10 20 0.6MPa
1cm2  

1 10 4  m2 
0.5 

)(22 0ppghcaqL

)(2 02 ppvcaqL

/sm0860.0159.810105.0 34
Lq

 

2-4 
 

10  
p0 0.6 106  Pa 
500.5 kg/m3 20  

 
 
 
(2)  

 
 

 p0 p c  
 

                                                      
 
 

 p0 p c  
 

                                                      
 
 

 
       

 
 

qG kg/s  
0.5  

m2  
Pa  

p0 0.101 MPa  
/mol  

 
 
8.314J/mol K  

1.0  

1-3 25 0.05MPa 1cm2

 

smqL /0025.0
500.5

106.02109.81015.0 3
6

4-

1

0

2

0

1
2

p
p

p
p

ZRT
McapqG

1
1

1
2

ZRT
McapqG

1

1
2

c

67 / 88



 

2-5 
 

1 10 4  m2 
0.5 

p0 0.101 106  Pa 
0.151 106  Pa 
16 10 3 kg 
298  
1.3 

p0 0.101 0.151 0.67 
 
 
 
p0 p c  
 
 
 
 
 
 
 
 
 

 
 
 
 
1-4 0.2MPa  

p0 0.101 106  Pa 
0.301 106  Pa 

p0 0.101 0.301 0.34 
p0 p c  

 
 
 
 
 
 
 

55.0
13.1

2 13.1
3.1

c

5
3

1029.1
2988.3140.1

101622
ZRT

M

33.4
13.1

3.1
1

54.12

77.1
3.1

13.11

skgqG /012.067.067.033.41029.11015.0105.0 77.154.1564

6
3

1046.6
2988.3140.1

1016
ZRT
M

87.0
13.1

2
1

2

67.7
13.1
13.1

1
1

 

2-6 
 

 
 
   

 
(1)  

1  
 

                                                      
 

 
kg/m2s  

g kg/m3  
pv (Pa) 
p0 0.101 MPa  

m/s  
 

 0.151 10 4 m2/s 20  
                       0.154 10 4 m2/s 25  
 

2-1 20 20m   
 2.0 m/s 

g  2.17 kg/m3 

pv 13.328 kPa 22.8  
pv p0  0.13 

 20  
 

   
 
 

(2)  

 
 

                                                      
 

 

skgqG /025.087.03.11046.610301.0105.0 67.7664

0330
20

0

.
v

g u lp
p u .w

skg/m107.9
202.0
100.1510.132.02.170.033 24

0.24

w

b

b
p

b

b

h
TTC

h
HHf

68 / 88



 

2-7 
 

 
 

J/kg  
Tb  
Hb J/kg  
Cp Tb   J/kg K) 
hb J/kg  

 
2-2 25  

 298  
Tb  231  
Cp  2.45 103 J/kg K 
hb 429 103 J/kg 

 
    
 

 

Pasquill-Gifford

 
 

(1)  

 
 

  
 

 
                                                                   

 B
hz  I

B
z)

AuB
QCxyz

2expexp 0

2

38.0
429

23129845.2f

 

2-8 
 

 
 
 

 
Cxyz x, y, z  

 
m3/s  

m/s  
 

0, 0, h  
qA, qB, A, B  
I0 0 I0(X) J0(iX) J0 0  

 2  

 h(m) A qA B qB 

    

0.5 
10 
20 
30 

4.78 10 2 

4.78 10 2 

4.78 10 2 

4.78 10 2 

4.26 
4.26 
4.26 
4.26 

4.20 10 2 

4.60 10 2 

4.71 10 2 

4.77 10 2 

3.50 10 1 

2.93 10 1 

2.86 10 1 

2.83 10 1 

   

0.5 
10 
20 
30 

1.48 10 2 

1.09 10 2 

1.01 10 2 

0.97 10 2 

1.56 101 

2.18 101 

2.37 101 

2.48 101 

1.10 10 2 

2.46 10 2 

3.00 10 2 

3.29 10 2 

5.30 
1.02 

7.00 10 1 

5.65 10 1 

 

0.5 
10 
20 
30 

4.50 10 3 

2.12 10 3 

1.80 10 3 

1.61 10 3 

7.59 101 

1.59 102 

1.88 102 

2.09 102 

4.25 10 3 

1.48 10 2 

1.98 10 2 

2.34 10 2 

3.48 101 

2.87 
1.61 
1.14 

 

0.5 
10 
20 
30 

1.12 10 3 

2.52 10 4 

1.78 10 4 

1.44 10 4 

2.77 102 

1.24 103 

1.73 103 

2.14 103 

1.30 10 3 

7.20 10 3 

1.10 10 2 

1.40 10 2 

3.73 102 

1.18 101 

5.19 
3.21 

 
qL m3/s m3/s

 
 

                                                      
 

 

1)exp(
1)exp(

xxqB
xxqA

BBB

AAA

0Mp
RTfqQ L
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kg/m3  
 8.314 J/mol K  

 
p0 0.101MPa  

/mol  
 

qG kg/s m3/s  
 

                                                      
 

y 0 z 0  
 
                                                     10  
 
 
3-1 1-2 100  

qL 2.5 10 3 m3/s 
 

 500.5 kg/m3 20  
 8.314 J/mol K 
293 20  
 44 10 3 kg/mol 

p0  0.101 106 Pa 
 

 
 
 

100  
100  
0.5  
1.0 m/s 

A 1.48 10 2  
B 1.10 10 2 
qA 15.6 

qB 5.30 
 

0Mp
RTqQ G

B
h

AuB
QCx exp

smQ /69.0
10101.01044

293314.85.500105.2 3
63

3

 

2-10 
 

10  
 
 
 
 
                                                   1.0  
 
 

  
 

                                                        
 
 
                                                                                 11  

  
   
 
 

 
Cxyz x, y, z  

m3/m2s  
1/2  

1/2  
 

y 0 z 0  
 
                                                                   12  
 

 
(2) Pasquill-Gifford  

 
 
                                                                       13  
 

 
Cxyz (x,y,z) kg/m3  

kg/s  
m/s  

29.21)1001010.1exp(1001010.130.5
2.1721)1001048.1exp(1001048.16.15

22

222

B
A

01.0
29.2
5.0exp

2.17214.329.2
69.0

xC

B
hzI

A
myerf

A
myerf

A
nx

A
n

u
AQeC

B
hz

xyz
2x

B4 0

21)()( eerf

0

22)( dteerf t

A
merf

A
nx

A
n

u
AQeC

B
h

x 2x
B4

2

2

2

2

2

2

2
exp

2
exp

2
exp

2 zzyzy
xyz

h)(z(z-h)y
u

QC
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2-11 
 

m  

y, z  
 

y, z Pasquill 3

 Rural Conditions  
 

Rural Condutions  
    y 0.22 (1+0.0001 ) 1/2  z 0.20                       
    y 0.16 (1+0.0001 ) 1/2  z 0.12                       
    y 0.11 (1+0.0001 ) 1/2  z 0.08 (1+0.0002 ) 1/2       
    y 0.08 (1+0.0001 ) 1/2  z 0.06 (1+0.0015 ) 1/2       
    y 0.06 (1+0.0001 ) 1/2  z 0.03 (1+0.0003 ) 1        
    y 0.04 (1+0.0001 ) 1/2  z 0.01 (1+0.0003 ) 1        

 
Urban Condutions  

y 0.32x(1+0.0004x) 1/2  z 0.24x(1+0.001x) 1/2 
    y 0.22x(1+0.0004x) 1/2  z 0.20x 
    y 0.16x(1+0.0004x) 1/2  z 0.14x(1+0.003x) 1/2 

y 0.11x(1+0.0004x) 1/2  z 0.08x(1+0.0015x) 1/2 
 

 
(1)  

 
 

                                                     14  

 
 

W/m2  
 

5.6703 10-8 W/m2K4  
 

(0.0 1.0 ) 

Rf T4 W/m2

 

                                                     15  

 
Rf  

4TE

fRE

 

2-12 
 

 kW/m2 4  

    

 
 

 
 
 

 
n-  

41 
58 
50 
42 
23 
62 
85 

 
 

LNG( ) 
 
 

 
n-  

9.8 
12 
76 
134 
74 
73 
83 

 
 

  

 
 
                                                                                   16  
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 

  

)1(
)1(tan1

)1(
)1(tan)2(

1
tan1 11

2

1

n
n

nnB
nA

ABn
nAm

n
m

n

RLn
RHm

mnB
mnA

22

22

)1(
)1(
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                                                                                 17  
 

 
 
 

 
 

 
 

 
 

 

1  

1 2 
2 

2 

1 

 

1 2 

 
   

 
   

1
tan

11
tan

12
1

2

1

22

1

2 Y
X

Y
Y

X
Y

X
X

LWY
LHX

 

2-14 
 

 
 
 
 
 
 
 
 
 
 
 
 

  
 

 

 
 

  

 
 
                                                        18  
 

 
m2  

qL m3/s  
VB m/s  

 
 

18
 

 

 

 

 

  

 

   

B

L

V
qS

72 / 88



 

2-15 
 

 m/s 4  

    

   
 

 
 
 

 
n-  

0.52 10 4 
0.80 10 4 

0.78 10 4 
0.55 10 4 

0.28 10 4 

1.0 10 4 
1.2 10 4 

 
 

LNG( ) 
 
 

 
n-  

0.28 10 4 
0.33 10 4 

1.7 10 4 
2.1 10 4 

1.4 10 4 

1.3 10 4 
1.5 10 4 

 
  

 
 
  

3  
 

 
10

 

10m 0.6 20m 0.4 30m 0.3  
 
 
 
 
 
 
 
 
 
 

 
 

 5  

 

 

2-16 
 

 
10 11

 

 exp ( 0.06 )                                     ( 19) 

19 20 0.3 30 0.17
0.3  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 6  
 

4-1 2003 42.7 17.3
 

 
 
 
 
 
 
 
 
 
 
 

  

 

 

 
   

 

 

60  
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2-17 
 

58 kW/m2  
21.4  

 
 

exp 0.06 42.7 0.08  0.3  
Rf 0.3 58 17.4 kW/m2 

 
 

1.5 64.1  
64.1 21.4 3.0 
60 21.4 2.8 

1 2 2 23.5 
1 2 2 12.3 

0.164 16  
0.164 17.4 2.9 kW/m2 

 
 

64.1 17.3 81.4  
81.4 21.4 3.8 
60 21.4 2.8 

1 2 2 29.1 
1 2 2 17.8 
0.17 16  

 
17.3  

17.3 21.4 0.8 
60 21.4 2.8 

1 2 2 15.2 
1 2 2 3.9 
0.085 16  

 
0.17 0.085 17.4 1.5 kW/m2 

 
(2)  

TNT
 

 

2-18 
 

 
                                                          19  
 

 
m   

m/kg1/3   
WTNT TNT TNT kg   
WG kg   
QG J/kg   
QTNT TNT 4.184 106 J/kg   

  
0.1  

TNT 0.064  
 

0.1 10 TNT
TNT

0.064 6.4  
(Pa)

 kg/cm2 7  

 0.035       2.7944 0.71448 

 0.035 0.2  2.4311 0.75698 

 0.2 0.65   3.143 0.59261 
 0.65        3.2781 0.48551 

19
103 WG  

 
                                                         20  
 

TNT  
 
                                                         21  
 

=12.0 11.76kPa =14.4 9.8kPa
 

 
4-2 25 5000kg  

WG 5000 kg 
328 25  

3

3

10

040

G

G

QfK

K W.L

1000
064.0 G

TNT
KWW

33

TNT

GG
TNT Q

QfWWL
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kPa 0.051 kg/cm2  
 
     
 

kPa 0.02 kg/cm2  
 
 
 

 
4-3 LPG BLEVE

2,000kl 600kl 300,000kg
8  

BLEVE
 

WG 300,000 kg 
888 BLEVE  

kPa 0.051 kg/cm2  
 
     
 
  kPa 0.02 kg/cm2  
 
 
 
 

TNT
3

9  
TNO multi-energy Baker-Strehlow

3

TNO multi-energy
Baker-Strehlow

 

mL 10950003281.2304.0

1.23051.04311.2
3

75698.0

mL 21250003281.4504.0

1.45051.07944.2
3

71448.0

mL 5953000008881.2304.0

1.23051.04311.2
3

75698.0

mL 11603000008881.4504.0

1.45051.07944.2
3

71448.0

 

2-20 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 4  
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2-21 
 

(3)  
LPG

BLEVE
 

 
 

 
 

 10  

3.77  0.325 
0.258  0.349                                  

 
 

 
kg  

 
Wg C3H8 5O2  3CO2 4H2O

Wg 4.64 mol mol  

6.21 Wg 0.325 
0.44 Wg 0.349                                22  

 
 AIChE 2010 11  

5.8 Wg 1/3 
0.45 Wg 1/3 Wg 30000kg  

   2.6 Wg 1/6 Wg 30000kg                   23  

 

0.75                                            24  

 
 
4-4 BLEVE LPG

 

WG 300,000 kg 
22  

 

2-22 
 

6.21 300000 0.325 374  
0.44 300000 0.349  36  

23  

5.8 300000 0.333 387  
2.6 300000 0.167  21  

300 20
23  

 
 

 

Rf 4                                 25  

 
W/ 2  

Rf 4 W/ 2  
K  

5.67 10 8 W/m2K4  
 

 
 

 
 
                                                         26  
 

 
 

 
 

25 1750 1.0 26
 

 
                                                         27  
 
 

4-5 BLEVE
 

 

2

2L
D

2
51033.1

L
DE
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2-23 
 

 
 
 
 
 
 
 
 
 

  
 

380 4-4 380  
0.75 380 285 24  

 
 

1000m 
 

 
 
 

1500m 
 

 
 
 
 

380 1000
17.8kW/m2

27
27 1750K

27  
 

(4)  

1/2

 

 

 

 

 

 
 

22
2

5

22

/8.17/17756
1040
3801033.1

10402851000

mkWmWE

mL

22
2

5

22

/2.8/8238
1527
3801033.1

15272851500

mkWmWE

mL

 

2-24 
 

K  
 

(5)  

TNT TNT 19
11  

 
 Brode 1959  

 
                                                         28  
 

 Crowl 1992  
 
                                                         29  
 

 
J  

Pa  
P0 0.101 MPa  

m3  
 
 

8.314 J/mol K) 
 

4-6 2012
9.6MPa

 
9.6 0.101 106 Pa  

 198 m3  
1.3 

 
 

 Brode 28  
 
 
 
 
 
 

VPPE
1

0

P
P

P
PPVE 0

0

1ln

kg
Q

EW

MJJE

TNT
TNT 1500

10184.4
103.6

6300103.6198
13.1

101.0107.9

6

9

9
66
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 Crowl 29  
 
 
 
 
 
 
 

WTNT 1600kg kPa 0.051 kg/cm2  
 
     
 

kPa 0.02 kg/cm2  
 
 
 
 
4-7 LPG 4-3

BLEVE LPG
Droste and Shoen (1988) 11,12 3.9MPa

 
 

3.9 0.101 106 Pa 4.0 106 Pa  
 1400 m3  

29 Crowl  
 
 
 
 
 
 
 

WTNT 5019kg kPa 0.051 kg/cm2  
 
 
 
 

kg
Q

EW

MJJ

E

TNT
TNT 1600

10184.4
109.6

6900109.6

107.9
101.01

101.0
107.9ln198107.9

6

9

9

6

6

6

6
6

mL 27016001.23

1.23051.04311.2
3

75698.0

mL 52716001.45

1.45051.07944.2
3

71448.0

kg
Q

EW

MJJ

E

TNT
TNT 5019

10184.4
101.2

21000101.2

100.4
101.01

101.0
100.4ln1400100.4

6

10

10

6

6

6

6
6

mL 39650191.23

1.23051.04311.2
3

75698.0

 

2-26 
 

kPa 0.02 kg/cm2  
 
 
 
 

 
 

(6)  

AIChE

BLEVE AIChE
11 LPG BLEVE  

 = 90 M0.333 5m3  
  = 465 M0.10 5m3                   30  

 
(m) 
(kg) 

 
LPG 300,000kg  

465 3000000.10 1640  

1,300m 6,200m 0.5mm

1,300m 30
30  

 

mL 77250191.45

1.45051.07944.2
3

71448.0
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  K        

 3.0% 
 

   
 
100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
  
  

  

K  47 84 150 225 305 400 468   

 2.8% 
 

   

 
 

70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
  

  

K  51 72 130 192 270 371 510   

 2.5% 
 

   

 
 

10 

 10 
  
 40 

 40 
  
  

      

K  865 1210 1730       

 4.0% 
 

   

 
 

40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
  

  

K  47 66 126 182 257 374 468   

 2.5% 
 

   

 
 

70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
  

  

K  41 53 106 155 216 285 408   

 15% 
 

   

 
 

40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
  

    

K  29 43 59 89 144     

 12.5% 
 

   

 
  
 

        

K  240         

 1.5% 
 

   

 
 

70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
  

  

K  63 132 214 295 403 598 630   

 2.0% 
 

   
 
100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
  

   

K  29 46 92 132 201 288    

 3.0% 
 

   

 
 

-20 

 -20 
  
 10 

 10 
  
 40 

 40 
  
  

     

K  272 417 650 905      

 

 

 

2-28 
 

  

  K        

 3.5% 
 

   

 
 

40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
  

  

K  50 80 141 212 292 429 503   

 3.3% 
 

   
 
100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
   
  

  

K  26 44 80 115 164 218 256   

 1.9% 
 

   

 
 

70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
  

   

K  81 179 292 422 592 810    

 0.8% 
 

   

 
 

160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
  
 280 

 280 
  
 310 

 310 
  
 340 

340 
 

 
 

K  40 59 107 158 210 266 340 396  

 2.7% 
 

   

 
 

-20 

 -20 
  
 10 

 10 
  
  

      

K  565 791 1130       

 3.8% 
 

   

 
 

40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
  

  

K  18 38 60 85 126 171 180   

 3.6% 
 

   

 
 

40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
  

   

K  48 60 103 150 221 238    

 1.1%*1) 
 

   

 
 

160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
  
 280 

 280 
  
 310 

 310 
  
 340 

340 
 

 
 

K  40 52 107 155 206 265 337 396  

 0.9% 
 

   

 
 

190 

 190 
  
 220 

 220 
  
 250 

 250 
  
 280 

 280 
  
 310 

 310 
  
 340 

 340 
  
 370 

370 
 

 
 

K  59 130 218 285 367 457 552 594  

 8.1% 
 

   

 
 

10 

 10 
  
 40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
  

   

K  22 25 41 63 81 112    

 
 

79 / 88



 

2-29 
 

  

  K        

 4.0% 
 

   

 
 

130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
  
 280 

 280 
  
 310 

 310 
  
  

 

K  19 22 45 69 93 117 152 186  

 2.0% 
 

   
 
100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
   
  

  

K  22 38 67 98 137 179 224   

 2.6% 
 

   
 
100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
  

  
    

K  35 72 132 182 264 348    

 1.7% 
 

   

 
 

160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
  
 280 

 280 
  
 310 

 310 
  
  

 
 
 

 

K  26 56 93 127 166 242 264   

 3.1% 
 

   

 
 

70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
  

  

K  19 26 47 72 101 137 188   

 3.0% 
 

   

 
 

40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
  

  

K  59 70 141 224 324 461 590   

 2.3% 
 

   

 
 

70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
  

  

K  58 115 175 259 357 490 575   

 5.6% 
 

   

 
 

40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
  

  

K  46 59 124 178 255 365 458   

 2.4% 
 

   

 
 

10 

 10 
  
 40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
  

   

K  178 276 435 603 800 888    

 1.1% 
 

   

 
 

160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
  
 280 

 280 
  
  

  
 
  

  

K  49 64 172 283 402 490    
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  K        

 1.3% 
 

   
 
100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
   
 280 

 280 
   
  

 

K  63 88 170 248 330 440 567 630  

 1.5% 
 

   

 
 

70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
  

  

K  64 102 184 267 356 470 636   

 2.8% 
 

   

 
 

40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
  

   
    

K  51 118 193 281 384 511    

 4.0% 
 

   

 
 
 

        

K  2860         

 0.9% 
 

   

 
 

160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
  
 280 

 280 
  
 310 

 310 
  
 340 

 340 
  
 370 

 370 
  
  

K  39 47 102 145 192 243 294 338 392 

 2.0% 
 

   

 
 

40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
  

  
  
  

  

K  36 91 153 211 291 364    

 1.2% 
 

   

 
 

130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
  
  

  
  
  

  

K  39 82 149 232 306 392    

 6.2% 
 

   
 
100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
   
 280 

 280 
   
  

 

K  10 13 23 37 52 67 83 104  

 1.3% 
 

   

 
 

70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
   
 280 

 280 
   
  

K  80 119 207 294 390 495 605 755 795 

  
 

   

 
 

40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
  

  

K  117 210 362 515 680 960 1170   
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  K        

 2.0% 
 

   

 
 

40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
  

  
  
  

  
    

K  170 272 420 657 848     

 1.6% 
 

   

 
 

40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
  

  
  
  

  
    

K  128 229 360 503 640     

 1.4%*2) 
 

   

 
 

130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
  
 280 

 280 
  
  

  

K  32 41 85 136 190 272 316   

 1.9% 
 

   

 
 

100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
  
  

  

K  46 87 160 228 300 402 456   

 
2.1% 
2.0% 

 
   

 
 

10 

 10 
  
 40 

 40 
  
 70 

 70 
  
 100 

 100 
  
  

  
  
  

  
    

K  178 328 497 737 888     

 10% 
 

   

 
 

40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
  

  

K  7 12 23 32 42 56 68   

 1.1% 
 

   

 
 

70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
  

  
  
  

  
  
  

  

K  65 162 356 518 648     

 1.2% 
 

   
 
100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
   
  

  
  
  

 

K  39 78 147 217 290 364 388   

 1.5% 
 

   

 
 

40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
 160 

 160 
  
  

  
  
  

  

K  65 84 240 401 550 648    

 5.0% 
 

   

 
 

-80 

 -80 
  
  

  
  
  

  
  
  

     

K  357 714        
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  K        

 6.0% 
 

   

 
 

100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
  
  

  

K  19 38 64 88 120 160 188   

 1.2% 
 

   

 
 

130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
  
 280 

 280 
  
  

  

K  46 51 121 194 263 342 463   

 1.4% 
 

   

 
 

100 

 100 
  
 130 

 130 
  
 160 

 160 
  
 190 

 190 
  
 220 

 220 
  
 250 

 250 
  
  

  

K  36 61 115 165 222 295 360   

 3.4% 
 

   

 
 

10 

 10 
  
 40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
  

  
    

K  109 125 229 327 483 544    

 4.9% 
 

   

 
 

10 

 10 
  
 40 

 40 
  
 70 

 70 
  
 100 

 100 
  
 130 

 130 
  
  

  
    

K  91 105 192 274 366 456    

 4.0% 
 

   

 
 

40 

 40 
  
 70 

 70 
  
 100 

 100 
  
  

     

K  158 221 304 525      

13,14  

1000 ton
 

4.1 0 10  
0  

*1 -    *2  
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v = h (R r0) R 0 ······························································ (3) 
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