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Abstract : This study is conducted to compare three methods of hazard analyses and to propose the control for the accidents arising
under construction of heat accumulator of group energy projects(co-generation plants). The analysis of fatal accidents and the Analytic
Hierarchical Process(AHP) using by the questionnaire survey for the workers engaged in the construction of heat accumulator and the
quantitative questionnaire survey of expert group has been carried out. In order to analyze the fatal accidents, the 115 cases of accidents
from 2001 to 2012 published by Korean Occupational Safety and Health Agency(KOSHA) and workers suffered from industrial
accidents are collected and analyzed. The AHP is applied and analyzed for 66 persons of the construction site managers, safety engineers
and construction engineers and the questionnaire survey of expert group is carried out and analyzed for the 51 persons of contractors and
construction inspectors. The analyses of the types of accidents and the jobs of the suffered workers and the hazardous construction
processes which are occurred accidents frequently are shown. The results of the analysis of fatal accidents and the AHP as well as the
questionnaire of expert group are shown similar results.
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Table 1. Accident frequency by the construction types

Work type (Mi dWc(izril;sitt}{E;tion) number | frequency
Wind girder installation 17 14.8
Temporary Flared shielding installation 4 3.5
work
Scaffolding installation & dismantling| 7 6.1
Earth work 1 0.9
Foundation | Foundation Pile 3 2.6
work Reinforced concrete floor construction| 3 2.6
Bottom plate installation 3 2.6
Shell plate installation 29 25.2
Internal parts installation 9 7.8
Lower work
Stairway installation 5 44
Insulation & Paint 12 10.4
Upper Roof(rafta) installation 16 13.9
work Platform installation 2 1.7
Miscellaneous | Non-destructive test 4 3.5
Total 115 100
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Table 2. Accident severity by the construction types

Work type Conversion .
Work-type (Mid classification) Factor Severity
Wind girder installation 27 3.22
Temporary | Flared shielding installation 15 375
work .. .
Scaffolding installation &
) . 26 3.71
dismantling
Earth work 3 3.00
Foundation Pile 24 8.00
Foundation
work Reinforced concrete floor
. 7 450
construction
Bottom plate installation 15 5.00
Shell plate installation 68 5.95
Internal parts installation 22 485
Lower work
Stairway installation 11 2.20
Insulation & Paint 26 425
Upper Roof(rafta) installation 65 8.65
work Platform installation 4 2.00
Miscellaneous | Non-destructive test 30 7.50
Total 363
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Table 3. Hazard rate of work units
work type . . .
Work type (mid classification) Work unit Frequency Severity Risk
. . Installation & dismantling 9.57 1.55 14.83
Wind girder . .
Welding & solidarity 5.22 1.67 8.71
Temporary work — - - -
Flared shielding Installation & dismantling 3.48 3.75 13.04
Scaffolding Outside installation & dismantling 6.09 3.71 22.58
Earth work Dig & back filling 0.87 3.00 2.61
Foundation Pile Piling work 2.61 8.00 20.87
Foundation work Rebar Processing & Assembly 1.74 2.50 435
Ground cnn'c - -
Casting & curing 0.87 2.00 1.74
Bottom Metal welding & cutting 2.61 5.00 13.04
Material lifting & installation 6.09 2.86 17.41
Shell plate
Steel plate fixed & welded 19.13 3.09 59.11
Material lifting & installation 4.35 2.60 11.30
Internal parts - — - -
Lower work Pipe lifting & installation 3.48 2.25 7.83
Stairway Lifting & Welding 435 2.20 9.57
. . Tin installation 348 2.00 6.96
Insulation & paint - —
Exterior painting 6.96 2.25 15.65
. . Rafta Steel lifting 6.09 6.43 39.14
Roof installation - —
Upper work Shingles lifting 7.83 222 17.37
Platform Material Lifting & Installation 1.74 2.00 3.48
Miscellaneous Non-destructive test 3.48 7.50 26.09

91e] Table 3 Sfete] AAFHY A= ST
= TR Table 42} 2] AA) 671, F(B) S/ L 5HO)
6 FHoz BRs

Table 4, Hazard rate of work units

Work type (Midwcolrakssi?iEZtion) Risk II{\;(S)k Rlzltisrll(g
Lower work Shell plate installation 76.52 1 A
Upper work Roof installation 56.51 2 A
Miscellaneous Non-destructive test 26.09 3 A
Temporary work | Wind girder installation | 23.54 4 A

Lower work Insulation & paint 22.61 5 A
Temporary work Scaffol%i?sgfn ;Eiltii;ation & 22.58 6 A
Foundation work Piling work 20.87 7 B

Lower work Internal part installation | 19.13 8 B
Foundation work | Bottom plate installation | 13.04 9 B
Temporary work Flared shielding 13.04 9 B

Lower work Stairway installation 9.57 11 B
Foundation work |  Flat reinforced con'c 6.09 12 C

Upper work Platform installation 3.48 13 C
Foundation work Earth work 2.61 14 C
Foundation work Oil sand 0.00 15 C
Foundation work Boml))lllzllt:dignestzﬁfatti}z; iron 0.00 15 C
Foundation work Hydraulic Test 0.00 15 C
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Table 5. The weight value of Group A by types

Work | Shell Non-destruc| Wind Insul' |Scaffold
Roof :

type | plate tive test | girder | paint ing CR

Total | 029 | 0.34 0.06 0.16 0.06 0.10 | 0.08

Table 6. The weight value of Group B by types

work | foundation | Inter' | Bottom Flared Stairway| CR
type file parts plate shielding ¥
Total 0.10 0.47 0.09 0.19 0.15 0.07

Table 7. The weight value of Group C by types

work | Ground Earth Oil | Annular
Platform

type | con'c work | sand plate Hyd'Test | CR

Total | 0.14 0.35 0.13 0.16 0.17 0.12 | 0.07
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Table 8. The order of AHP hazard rates by work types

Grgup Work' type 'Risk Risk

Group Work type Weight | Weight index .

(A) ) (AXB) ranking

Shell plate 0.70 0.29 0.201 2
Roof  installation 0.70 0.34 0.235 1
Non-destructive test 0.70 0.05 0.035 8

A Wind girder 0.70 0.16 0.114 3
Insulation & paint 0.70 0.06 0.043 6
Scaffolding 0.70 0.10 0.070 5
Foundation file 0.22 0.10 0.022 11
Internal part 0.22 0.47 0.104 4

B | Bottom plate 0.22 0.09 0.019 13
Flared shielding 0.22 0.19 0.041 7
Stairway 0.22 0.15 0.033 9

Flat reinforced con'c 0.08 0.14 0.011 14
Platform 0.08 0.35 0.028 10
Earth work 0.08 0.13 0.010 15

¢ Oil sand 0.08 0.10 0.008 17
Annular plate 0.08 0.17 0.013 13
Hydraulic test 0.08 0.12 0.010 16
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Table 9. Work type risk ranking by Expert survey

Group Work type \?}]l(])arek ]t:é?gl‘l/te 113(1111; raI:lifilr(lg
Total(A) | (A/153)
Shell plate 787 5.14 0.303 1
Roof installation 783 5.12 0.301 2
Non-destructive test 482 3.15 0.185 9
A | Wind Girder 716 4.68 0.275 3
Insulation & Paint 557 3.64 0.214 6
Scaffolding 668 437 0.257 4
Foundation file 399 2.61 0.153 10
Internal Parts 603 3.94 0.232 5
B | Bottom plate 366 2.39 0.141 11
Flared shielding 551 3.60 0.212 7
Stairway 550 3.59 0.211 8
Flat reinforced con'c 247 1.61 0.095 13
Platform installation 361 236 0.139 12
Earth work 215 1.41 0.083 14
¢ Oil sand 153 1.00 0.059 16
Annular plate 212 1.39 0.082 15
Hydraulic Test 154 1.01 0.059 17
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Table 10. Compare risk index ranking for the Construction of Heat Accumulator

Risk index number
Group Work type Disaster case Risk No. AHP Risk index No. E)f{pert survey No. Risk ranking
isk index
Shell plate 76.52 1 0.200 2 0.101 1 A
Group Roof (Rafta) 56.51 2 0.236 1 0.100 2 A
A Non-destructive test 26.09 3 0.038 8 0.062 9 B
Wind Girder 23.54 4 0.114 3 0.092 3 A
Group Insulation & Paint 22.61 5 0.044 6 0.071 6 A
B Scaffolding 22.58 6 0.069 5 0.086 4 A
Foundation file 20.87 7 0.022 11 0.051 10 B
Internal Parts 19.13 8 0.105 4 0.077 5 A
Bottom plate 13.04 9 0.019 13 0.047 11 B
Flared shielding 13.04 10 0.041 7 0.071 B
Stairway 9.57 11 0.033 9 0.070 B
Grgup Flat reinforced con'c 6.09 12 0.011 14 0.032 13 C
Platform 3.48 13 0.028 10 0.046 12 C
Earth work 261 14 0.010 15 0.028 14 C
0il sand 0.00 15 0.008 17 0.020 17 C
Annular plate 0.00 16 0.013 13 0.027 15 C
Hydraulic Test 0.00 17 0.010 16 0.020 16 C
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