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the Railway Construction Site
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Degree Program of Industrial Safety and Risk Management
National Chiao Tung University

ABSTACT

Three-dimensiona or underground railway reconstruction project, with reduced pollution,
improved road traffic, eliminated incidents of railway operations; Vacant land to provide
public space planning and so on. So are moving ahead with the railway reconstruction
projects. The ongoing project of the railway reconstruction has atotal of 14 performance plan
in Taiwan. They have high cost, long duration, long lines, items numerous, so risk very high,
of which the highest risk of invade train operating space cause by electric shock and train
crash when construction projects adjacent to railway, The Risk Management should be
improved to reduce the risk value.

Therefore, this paper targeted the risk items of railway reconstruction project invaded the
train operating space included €l ectricrange;-to-identify which projects to improve the
unacceptable risk into an acceptablerisk, M ethod to.explore innovative approaches to
literature and to add after the establishment of risk identification, analysis, evaluation,
improvement, feedback the five risk management model.

Combination of the above model 5W2H, failure mode and-effect analysis (FMEA),
cause-consequence analysis (CCA) for riskidentification and anaysis, draw the Farmer risk
assessment curve to identifying highest risk items, and the use of inherently safer method
combines innovative approach to the establishment of improvement programs, and with
Analytic Hierarchy Process (AHP) and consider.thelist table to make the best program
selection, application programs reduce therisk of the selected value before it could be
assessed as an unacceptable risk if the model is back to continue with risk management, if the
acceptablerisk for the process and outcome feedback engineering safety design, and applied
to similar projects.

This paper use the previous steps before this, the first item on the risk to make monitoring
instrument program significantly reduce that risk, next plant out steel covered or procedures
of two improvement programs, so that managers can consider cost or schedule to select the
appropriate program to improve the residual risk, Finally the average risk value from the 911
to 16 or 45 has been dropped 20 to 56 times the amazing results, the results have class clear,
cause and effect clear, quantitative precision, improved methods are good, Program of
improvement for afair, such as the Six grand effect, should be promoted .

Keywords: Railway Reconstruction Project, Risk Management, Cause-Consequence Analysis,
Inherently Safer, Analytical Hierarchy Process.
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g B £ o2 4 £ % &g s mil ‘
£ £ £ £ A £ N | 3
£ & & & £ F & £ & /AN
G T 91 7]5]3]1 1/3 1/5 1/7 _|~179 28 |6
W Fe 9] 7[5]3]1 1/3 1/5 Tty 1/9 2 | 1/6 -
i B 9] 7]5]3]1 1/3 1/5 1/7 | 1/9 28 |6 =/
g2 B 9] 7[5]3]1 1/3 1/5 1/7 | 1/9 28 |3 B 40 b ]
i g 9]l 75131 1/3 1/5 1/7 | 1/9 2 |7

= z
LAadjpr @i ikl FLEE3£85  RERT RERD FHRTEE » LRI o
Z,IK%\’["}.F\7§'$§$€%&@’jﬁ%iﬂ)\m/‘%"ﬁ—%‘ﬁ*iﬁﬁ—ﬁt’ BFE(ihre sz REL2 FFHE6)
3R TEARLWPERATE e LR A BLWREL EE AR G -
4, T-Kid REF LY ERP 23 BRVEO- T T ELETHEELHFBHAREE o
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AHP 3+ &

PR

Rl

%

%73 F7ik (Analytical Hierarchy Process, A5 AHP)E = T %

FALLTE

%*EI*J#JFTJJ N E S E N

B
oy s 45 Fie (B9 7 5 3 1 13 1/5 17 19| &¢ [FVF‘ 3
F{‘f{é 419 7 5 3 1 13 1/5 17 19| F j@rﬁb 5
fife @9 7 5 3 1 13 US 17 19| gfﬁ% 6
A [EWI weps | k| aeis fae | =19 7 5 3 1 13 s 17 1m| = “'ﬁrf 7
PV 04948 02484 01400  0.0703 0.0465 prr? 19 7 5 3 1 3 Vs 17 18] | ¥F |3
IFJF‘ #*|19 7 5 3 113 1/5 17 19| * %f% 4
]FJF‘ A0S 3 1 13 1/5 1/7 19| = ”él 5
LA RS — 30 7 7 e AEr }f”ﬂ*ﬂu =~ .9  1.N562, 3 1 13 15 17 19 f, %fl% 3
2R TR REARISEFR N ET R ¢ RO - ¥R B9 T ASNE3 1 13 U5 17 19| E | AEE | 4
3*lp‘lﬁHﬁﬂ)ﬁ’&i‘ﬁ!@@%%ﬁlff‘&%&l’@?@}*@ﬁl ° %“'EF% === 1L A\~ 113 15 1/7 19| FF | *&fE | 2
4. FEELR G FEROVFDR T PAEQEFDH IR LU T L S AR T
EL/EE Fi F FE|F
T E - el EUECRECRAE [ BB BB R
g EE O 7 A3 1 13 15 17 19 w7
Féj i) 0.6792 I?Vr*‘ gl "2 \ S} 1 13 15 17 19 =R 1/5
= Eaid 0.3208 %"H gl 97 5 3 1 13 15 17 19 =R 5
M E 9 7 5 3 1 153 15 1/7 19 Exicl i)
?‘é['f G2l 9 7 5 3 1 13 15 17 19 =i 3
at M
LLadjprt 82 2 04k]~ FEER3I ER5RERT~RE K9 - Y= &l (Priority Vector) » PV
2. H ~ A A K F'%a & ﬁz PR E(rE R 2 AE B2 FHE) £ — %542 (Consstency Index) - [ij#iCl
3.r- ks EF fi 2% m—a”' 2 rpdE o [Erps— ?lﬁtfﬁ%(Random Consistency Index) - fi*4RI
4. 7 - K 55 R §§F’B‘ LR 2SS RE R ) — FF[ES(Consistency Ratio) » ji#iCR

111




b EE

cl
c2
c3
c4

cb
cl
c8

i 4

# 2 ke EXCEL 4 %
= iF %
. 000623684
. 000243748
. 001093676
000427431
000165247
45821E-05
88531E-06
69092E-06

L\')OUOUOOOOO%\;F

s 5
0.000623684
0.000243748
0.001093676
0.000427431

0.00023032
9. 00137E-05
9. 59665E-06
3. 75057E-06

I =

0
200
0
499
59
008
325
824

0
200
0
499
59
008
325
824

i FE

0
2000000
0
4990000
590000
5580000
3250000
8240000

i Fr

0
2000000
0
4990000
590000
5580000
3250000
8240000

B *x B
0
487. 497
0
2132. 88
97. 496
360. 368
223713
22. 1732
3122179
390. 349

B e B
0
487. 497
0
2132. 88
135. 889
002. 2776
31. 1891
30. 9047
3320. 64
415.079
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0 A% 2
487. 497 B+ 5200
0A
2132. 88 E4&. & 499
97.496 C #3359
360. 368 C+E
22. 3773 B+C+D
22{1732 B+C+D+E
D% 4% 66

0 A% 2
487. 497 B+ 5200
0A
2132. 88 E4&. & 499
135. 889 C= #1359
502. 276 C+E
31. 1891 B+C+D
30. 9047 B+C+D+E
D% 3% 66

2
27

%
<

Y

[ra
0

4. 87497
0

21. 3288
97. 496
3. 60368
22.3773
0.22173
149. 902
18.7378

2
27

%
<

Y

[ra

0
4. 87497

0
21. 3288
135. 889
5. 02276
31. 1891
0. 30905
198. 613
24. 8267

0
4.87497
0

21. 3288
0. 0975
0. 0036
0. 02238
0.00022
26. 32775
3. 29093

0
4.87497

0
21. 3288
0. 13589
0.00502
0.03119
0.00031
26. 3762
3. 29702



EXCEL h % &+ 5 2% 4 (5 S RF2MAp G EIE

cl 0. 000623684 0 0 0]A% > 0 0 0
c2 0. 000243748 600 6000000] 1462. 4950352{B* =600 14. 62490352| 14.62490352|  14.62490352
c3 0.001093676 0 0 A= > 0 0 0
c4 0. 000427431 1975 19750000{ 8441, 761398|E4 1975 84. 41761398| 84.41761398| 84.41761398
co 0. 001536102 348 3480000 5345..6366{C7 4133483 5345. 6366 4763496774  1544.888977
cb 0. 00060034 2323 23230000 13945. 909|CE=2323 139.45909] 1242719951  40.30367702
cl 6. 40043E-05 1039 10390000{ 665. 0043615|B+C+D=1039 665. 0043615] 59.25853865|  192.1862605
c8 2. 50142E-05 3014 30140000] 753. 9275674 |B+C+D+E=3014 7.539275674| 0.671824855|  2.17885067
30614. 72928 (D#%3%91 6256. 681845 647.7497579|  1878.600283

3826. 84116 782.0852306] 80.96871974|  234.8250354
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EXCEL b "¢ B35 %% £ (E B34 b &

cl 0. 000623684 0 0 0|1A% > 0 0 0
c2 0. 000243748 200 2000000{ 487. 496784|B-* 7200 4,87496784| 4.87496784|  4.874967%4
c3 0. 001093676 0 0 0]1A 0 0 0
c4 0. 000427431 499 4990000 2132. 880475|EH# 2499 21. 32880475 21.32880475  21.32880475
cH 0. 001536102 59 5900001 906..300458|C & #3%59 906. 300458| 80.76043381| 261.9208324
cb 0. 00060034 558 5580000| 3349. 899795{C+~558 33. 49899795 2.985095708|  9.681210408
o 6. 40043E-05 325 3250000{ 208. 0138763|B+C+D=325 208. 0138763 1853611652 60.11601025
c8 2. 50142E-05 824 8240000{ 206. 116893|B+C+D+E=824 2.06116893| 0.183670763| 0.595677821

7290. 708281 |Di%33%66 1176. 078274] 128.6690894| 3585175034

911. 3385352 147. 0097842 16.08363617| 44.81468793
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BB M (23 5634

FOFEM AEQ43 ISS1

Comus Group of Companies PRODUCT DATA SHEET

Manufactured in UK
#Eﬂ]!rgﬂ:

"
I

Direction of acceleration to close contacts

-
180
1.708)
0.5a M —
(020) | /
G ot n'/o\:'l
| N/

"

28z

(1) 8.8

{.288)
Drawings not to scale
All dimensions in mm (nches) nominal
SPECIFICATION

CONTACT FORM/STYLE Normally open
SWITCHING VOLTAGE Max_ Vac 24
SWITCHING CURRENT Max_ A 0.25
SWITCHING CAPACITY (RESISTIVE) Max. VA 5
CONTACT RESISTANCE Max_ 0 10
OPERATING TEMPERATURE Deg.’C -20° + 85°
STORAGE TEMPERATURE Deg.’C -257 +90°
ACTIVATION LEVEL G 2-49
CASE MATERIAL Steel - gold plated

point and the glass to metal s=al.

MOTE: When cutting or bending switch leads it is important that the glass seal is not damaged. The cutting or bending point
should b2 no coser than 3mm {.118) to the glass to metal seal and the lead should be supporied betwesn the cutting or bending

ACCELERATION and SHOCK SWITCH

PART NUMEBER

ASLS-2

Rev. No. Revision Note Data Signature

B Web Site 2001 1-2-01 RCG

As part of the company policy of continued product improvement, specifications may changes without notice. Our sales
office will be pleased fo hefp you with the latest information on this product range and details of owr full design and
manufaciuring senvice. All products are suppbed fo our standard conditions of sale othenwise agreed in writing

02001 Copyright Comus Gmoup of Companies

The Comas Group of Companies
tonsist of:

Azsemitech Eorope Limited

E. Bachem GmbH

Cormus International

W Gunther CenbH

Gunther Bzlgium

Gunther France

516

116




LED &3] 45+

ZEESLAIEF 2% 450 ~ > "TF P E K 10m = 4500 ~4epe it 54900 ~
R kR

http://tw. page. bid. yahoo. com/tw/auction/e411613507?u=sti1hks8819

TR EEE
¥R =2 08 3 2 8 B R MK

5 o 0 495 B P L
AR TR

|

erppsEEE L |
PR

117



Kﬁb"‘ N
foafirte b BM G4

BOOM LIFTING CAPACITIES - RK200

Main Boom Lifting Capacities with Outriggers : Unit: metric ton

SWith ouiriggers in 5.1m position | With-outriggers in4.8m position | With uiriggers in 4.2m position | With outriggers in 3.2m pesition
AR 360° swing area Qver the side Over the side Over the side

Boom lenath in meters - * | ““*Boom length in meters™ =|-- . Boo length in meters ~ | * . Boom length in melers
6;7 '1.1.3 15.9{20.4 25?0 6.7 |11.3/15.8|20.4{25.0| 6.7 [11.315.9|20.4|25.0 | 6.7 [11.3(15.920.4|25.0

'20.00|12.00] 9.00 | 7.00 | ~-:-|16.00 2.00[.9.00 {-7.00:| %= >{16.00./12.00'9.00 | 7.00 [ ~ - {16.00]12.00] 9.00 | 7.00
16.00]12.00 9.00 | 7.00 16.00{12.00 9.00 | 7.00 -116.00112.00 9.00 | 7.00 13.0012.00| 9.00 | 7.00

Operating
-| radivs (m)

~[14.00]12.007 8.00-[-7.00_| 5.00-|74.00 12,00 9.00-]:7.00:| 5.00-|14.00{12.00| 9.00 | 7.0, 500 [10.00]{10.00] 9.00 | 7.00 [ 5.00 |
12.50]12.00( 9.00 | 7.00 | 5.00 |12.6012.00| 9.00 | 7.00 | 5.00 }12.50|12.00} 9.00 | 7.00-| 5.00 | 7.70 | 7.80 | 7.20 | 7.00 | 5.00
=¥ 51115011140 8.50°] 7.00 7 5.00 |11.50{11:10/|:8.50-}:7.00°5.00:}11:20710.55 | 8.30 | 7.00.| 5.00 | 5.40° {"6.20°|-6.10 | 6:45 | 5.00

10.25]8.05 | 7.00 8.05 {7.00 | 5.00 915 | 7.65 | 7.00 | 5.00 5.10 | 5.00 ) 5.3¢ | 5.00
9.40 | 7:60 1 6.60 |- :|7:60 {6.60:4.75-[- -~ |7.75] 6.95 | 6.55 | 4.75 -1 4.30 [4.20 | 450 [4.70

- 8.55 { 7.15 | 6.20 7.10 1 6.20 | 4.55 6.55 | 6.30 | 6.10 | 4.55 3.60 | 3.60 | 3.85 | 4.05
~ | 7.70 | 6.70 | 5.80 [ 16.60°[.5.80 | 4.35°* -+ [-565 | 560 | 5.70°[4.35 | - 13.10-{3.10 |.3:35 | 3.55
6.85 | 6.20 | 5.50 6.05 | 5.50 | 4.15 1490 1495525415 2.70 | 2.70 { 2.95 | 3.10

. 6.00 {570 |'5.15 | 54015451515 | 3.90:{ " -[4.30 | 4.40 | 4.70 { 3.95. 12401235 | 2.69 | 2.80
5.30 | 5.20 | 4.85 475(480]4.80 370 ' 1380385420370 2.10 | 2.05 | 2.30 | 2.50

4.25 | 425 1°4.30 | 3. 3.80 | 3.85 | 4.10_['3 1.3.0513.10 |.340 | 330 | - 1.65°1-1.60 | 1.85 | 2.00

350 | 3.75 3.15 | 345 2.50 { 2.80 1 2.90 1.25 1150 |1.65
2.90-[-3.20 [-2. - 72604 2.80 ~—-{2.05 [ 2.35 | 2.50 | ~—-[1.00711.20.]1.35
2451275 2.20 j 245 5 1.70 [(1.95{ 2.15 . 1.00 | 1.35
<1 - 205 1.1.89::2.10 ~|-1.40 | 1.65 [ 1.85 0.80 | 0.5
14.0 1.85 170 | 1.8 1.25 | 1.45 | 1.60 065 | 0.80
1Bl e R [3m) A 13.6M) §:1.66" [ - - |(t3.6m)|-1.20-| . 1.40. 4 s 6.557] 0.65
18.0_ 1.00 1 1.20 0.40 [ 0.55
R B =080 1.007 o045
18.0 0.65 [ 0.85
- A18.0 5060 | 070 [T |
_20.0 18.m)| 0.60
TR0 ] TR T TR
22.0 0.40
C2agsen] e A B ES i
Min. boom . . . " o . .
angle oo |0 040 0" | 29° | 37
Wil oitrigaars ia min: position. Worki -
> - or]un Rangoe Boomy/jib bending with load is nat
- Over.thg srqe‘ - g g s involved in figure of working ranges. -
Bodin lenath:in meters: - Lay
— Y ir, .
Operating 1.3 15.9] 20.4 5, > :
— ™, . 35
25 F 780 7280 [F700 e o Y
. 560 | 5.60 ] 6.10 - - S5mdib + :
35 4,30 | 4.25 [F4:70|54.70: | TTF
4. 340 { 3.35 3.70 | 3.80 1 =2 7 30
4. 270 T.270°73.00:1:3.10- 25.0mBéam |10 e g
5. 220 | 2.25| 2.55 | 2.65 R my; ‘7‘\ .
5. T 1,80 |1.85 [:2.10: 225 ‘ st
6. 150 [ 155 ] 1.80 | 1.90 N AL a AP %
© B B 121765 - 20.4mBoom [T, N /ﬁ_ sl
7. fl 7 N ZE Al
—t I N SE
—:z».‘ :‘ ]~7__\‘ 2 % ] = 7.\\; o0 E
. i 7 7 A N =
- 15.9m Boom | i — e =
10 L / NEP N =
= PR LR
i3 11.3mBoom =1 S 7 RET = 15 =
_:.13. L1717 N [~ AL
i 1 K1 - A A
4. ﬁ”w’%( TN =y
B A A =
S Boome T T VTP P S A WAL s T
VA 1~ P LA T \
e CANP L I o
S P AT (e T e
P A A L h 1 3\ 1 5
NS AT LT Ik -
RS i WAt A ,
. e g ;| ) M
i i W TR 1 F T4 0
g R T B 0 B 10 is 20 25 30
Mi o o - . N Operating Radius (M) =—————
angle " | 0 | 25| 457 | 52 [ 57 (
4
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