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APPENDIX A: CONSEQUENTIAL CUMULATIVE LOSS EFFECT 

WITH MACHINERY BREAKDOWNS  
 

Table A.1 Breakdown Consequential Costs – Wheel Loader breakdowns 
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Table A.2 Breakdown Consequential Costs – Generator breakdowns 
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Table A.3 Breakdown Consequential Costs – Forklift breakdowns 

 

 

Table A.4 Breakdown Consequential Costs – Compressor breakdowns 
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Table A.5 Breakdown Consequential Costs – Mobile Crane breakdowns 
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Table A.6 Breakdown Consequential Costs – Back Hoe Loader breakdowns 
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Table A.7 Breakdown Consequential Costs – Skid Steer Loader breakdowns 
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Table A.8 Breakdown Consequential Costs – Roller Compactor breakdowns 
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APPENDIX B:  BREAKDOWN MAINTENANCE QUESTIONNAIRE 

AND SAMPLE FILLED IN FORMS 

 
Table B.1 Breakdown Maintenance Questionnaire used for Survey 
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APPENDIX C - WORKING HOURS AND BREAKDOWN HOURS OF    

9 SELECTED MACHINERY OF TARGET COMPANY  

 
Table A.1 Breakdown Details of Machinery 2007 
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Table A.2 Breakdown Details of Machinery 2008 
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Table A.3 Breakdown Details of Machinery 2009 

 

 

 

 

 



263 
 

Table A.4 Breakdown Details of Machinery 2010 
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Table A.5 Breakdown Details of Machinery 2011 
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APPENDIX D – BREAKDOWN DETAILS OF DUMPER AND WHEEL 

LOADER (2007 – 2011) 

Table D.1 Breakdown Details Dumper - 2007 

 

 

Table D.2 Breakdown Details Dumper - 2008 
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1 Dumper 49 260 245 235 260 260 260 260 260 260 260 260 260 3080 40.0 2

2 Dumper 50 260 260 260 260 260 260 260 252 260 260 260 260 3112 8.0 1

3 Dumper 51 260 250 260 0 260 260 260 260 260 260 260 260 2850 338.5 3

4 Dumper 52 252 260 260 260 260 260 260 260 260 260 260 220 3072 48.0 2

5 Dumper 53 260 260 260 260 260 260 260 260 254 260 260 260 3114 6.0 1

6 Dumper 54 260 260 260 260 260 260 260 260 260 260 149 260 3009 116.0 1

7 Dumper 56 260 260 260 260 260 260 260 260 260 260 260 260 3120 0.0

8 Dumper 57 20 260 260 260 260 260 260 260 260 260 260 260 2880 240.0 1

9 Dumper 58 260 260 219 260 260 260 160 260 260 243 260 260 2962 158.0 4

10 Dumper 59 260 260 260 260 260 260 110 260 260 260 223 260 2933 187.0 2

11 Dumper 60 260 260 260 215 260 260 260 260 260 260 228 260 3043 77.5 2

12 Dumper 61 260 260 260 260 260 260 260 260 260 260 260 220 3080 40.0 1

13 Dumper 323 260 260 260 250 260 260 260 260 260 260 260 260 3110 10.0 1

14 Dumper 517 260 260 260 260 260 254 260 260 260 260 260 260 3114 6.0 1

15 Dumper 518 260 260 260 260 260 260 260 260 260 260 260 260 3120 0.0

16 Dumper 520 260 260 240 260 260 260 260 260 260 260 260 260 3100 20.0 1

17 Dumper 10 13 260 260 260 260 260 260 260 260 260 260 260 260 3120 0.0

18 Dumper 10 14 260 260 260 260 260 260 260 260 260 260 260 260 3120 0.0

19 Dumper 3 172 260 260 260 260 260 260 260 260 260 260 260 260 3120 0.0

20 Dumper 3 177 260 260 260 260 260 260 260 260 260 260 260 260 3120 0.0

21 Dumper 1776 9 260 260 260 260 260 260 260 260 260 260 260 260 3120 0.0

Total 4952 5190 5139 4885 5200 5194 4950 5192 5194 5183 5020 5120 61219 1255.0 23
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1 Dumper 49 260 250 260 260 260 260 260 260 260 260 260 260 3110 10 1

2 Dumper 50 260 260 220 260 260 260 260 0 260 260 260 220 2780 342 3

3 Dumper 51 260 260 260 204 260 260 260 260 260 260 260 260 3064 56 1

4 Dumper 52 260 260 260 260 260 260 260 260 255 260 260 260 3115 5 1

5 Dumper 53 260 260 260 260 260 260 254 253 260 260 260 260 3107 13 2

6 Dumper 54 260 260 260 260 260 260 256 260 260 212 260 260 3068 52 2

7 Dumper 56 260 260 220 260 260 260 57 260 260 260 255 260 2872 248 3

8 Dumper 57 260 260 260 260 260 260 260 260 260 222 260 200 3022 98 3

9 Dumper 58 260 260 260 260 260 260 260 260 260 260 260 260 3120 0 0

10 Dumper 61 260 260 260 260 260 260 260 260 260 260 260 260 3120 0 0

11 Dumper 62 260 260 260 260 260 245 260 260 260 260 260 260 3105 15 1

12 Dumper 323 256 260 260 260 260 260 260 260 260 260 260 260 3116 4 1

13 Dumper 517 260 260 260 260 260 260 260 234 260 260 260 260 3094 26 1

14 Dumper 518 248 260 252 260 260 260 260 260 260 260 249 260 3089 31 3

15 Dumper 520 260 260 170 260 260 256 260 260 260 260 260 260 3026 94 2

16 Dumper 1013 260 260 260 257 260 260 260 260 260 260 260 260 3117 3 1

17 Dumper 10 14 260 260 260 260 260 254 260 260 260 260 260 260 3114 6 1

18 Dumper 3 172 260 260 260 260 260 260 260 260 260 260 260 260 3120 0 0

19 Dumper 3 177 260 260 260 260 260 260 260 260 260 260 260 260 3120 0 0

20 Dumper 1776 9 260 260 260 260 260 260 260 260 260 260 260 260 3120 0 0

Total 5184 5190 5022 5141 5200 5175 4987 4907 5195 5114 5184 5100 61399 1003 26
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Table D.3 Breakdown Details Dumper 2009 

 

 

Table D.4 Breakdown Details Dumper - 2010 
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1 Dumper 50 260 260 260 260 260 251 260 260 260 252 260 260 3103 17 2

2 Dumper 51 260 260 260 260 260 260 190 260 260 260 260 260 3050 70 1

3 Dumper 52 260 260 260 250 260 260 260 260 260 260 260 260 3110 10 1

4 Dumper 53 260 260 260 260 260 260 203 260 260 260 260 260 3063 57 1

5 Dumper 54 260 260 256 250 260 260 260 260 260 254 260 260 3100 20 3

6 Dumper 56 260 252 260 260 260 260 260 260 256 260 260 245 3093 27 3

7 Dumper 57 260 260 260 260 260 260 260 260 260 200 260 236 3036 84 2

8 Dumper 58 260 260 260 260 260 260 260 260 260 260 260 260 3120 0 0

9 Dumper 60 260 260 260 260 260 260 260 260 260 260 260 260 3120 0 0

10 Dumper 61 260 260 260 260 260 260 260 260 260 260 260 260 3120 0 0

11 Dumper 517 217 260 260 260 260 260 260 260 260 260 260 260 3077 43 1

12 Dumper 518 260 200 260 260 260 260 260 260 260 260 224 260 3024 96 3

13 Dumper 520 260 260 260 260 260 260 260 260 242 260 260 260 3102 18 1

14 Dumper 1013 260 260 260 260 260 245 260 260 260 260 260 260 3105 15 1

15 Dumper 1014 260 260 254 260 254 260 260 260 260 260 260 260 3108 12 2

16 Dumper 3172 260 260 260 260 260 257 260 260 260 260 260 260 3117 3 1

17 Dumper 3 177 260 260 260 260 260 260 260 260 260 260 260 260 3120 0 0

18 Dumper 1776 9 260 260 260 260 260 260 260 260 260 200 260 260 3060 60 1

Total 4637 4612 4670 4660 4674 4653 4553 4680 4658 4546 4644 4641 55628 532 23

S
l. 
N

o
.

E
q
u
ip

m
e
n
t 
n
a
m

e

P
N
M

 N
o
.

J
a
n
u
a
ry

-1
0

F
e
b
ru

a
ry

-1
0

M
a
rc

h
-1

0

A
p
ri
l-
1
0

M
a
y
-1

0

J
u
n
e
-1

0

J
u
ly

-1
0

A
u
g
u
s
t-
1
0

S
e
p
te

m
b
e
r-
1
0

O
c
to

b
e
r-

1
0

N
o
v
e
m

b
e
r-

1
0

D
e
c
e
m

b
e
r-

1
0

T
o
ta

l

B
re

a
k
d
o
w

n
 

H
o
u
rs

N
o
. 
o
f 

B
re

a
k
d
o
w

n
s

1 Dumper 50 260 260 260 260 260 260 260 260 260 260 260 260 3120 0 0

2 Dumper 51 260 0 260 260 260 260 260 260 260 0 260 260 2600 524 3

3 Dumper 52 260 260 50 260 260 210 260 260 260 260 260 260 2860 260 2

4 Dumper 53 260 218 260 260 260 260 260 210 260 260 260 260 3028 92 2

5 Dumper 54 260 260 260 260 260 260 260 260 140 260 260 260 3000 120 1

6 Dumper 56 260 260 260 260 260 260 260 257 260 260 260 260 3117 3 1

7 Dumper 57 260 260 260 80 260 192 80 260 260 260 260 260 2692 428 3

8 Dumper 58 260 260 260 260 260 260 260 260 260 260 260 260 3120 0 0

9 Dumper 61 260 260 230 260 260 260 260 260 260 260 260 260 3090 30 1

10 Dumper 517 260 260 260 260 260 260 260 260 260 260 170 260 3030 90 2

11 Dumper 518 260 260 260 260 260 260 260 260 253 260 260 260 3113 7 1

12 Dumper 520 260 16 260 260 260 260 260 260 260 260 260 260 2876 244 1

13 Dumper 1013 242 260 260 260 260 260 260 260 260 260 260 260 3102 18 1

14 Dumper 1014 260 260 260 260 260 250 260 260 260 260 260 260 3110 10 1

15 Dumper 3172 260 260 260 260 260 260 260 260 260 260 260 260 3120 0 0

16 Dumper 3177 256.5 260 260 260 260 260 260 260 260 260 260 260 3117 3.5 1

17 Dumper 16 9 4 2 0 260 260 260 260 260 260 260 260 260 260 260 2860 0 0

18 Dumper 16 9 4 3 0 0 260 260 260 260 260 260 260 260 260 260 2600 0 0

19 Dumper 1776 8 0 0 260 260 260 260 260 260 260 260 260 260 2600 0 0

20 Dumper 1776 9 260 260 260 260 260 260 260 260 260 260 260 260 3120 0 0

Total 4399 4134 4960 5020 5200 5072 5020 5147 5073 4940 5110 5200 59275 1830 20
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Table D.5 Breakdown Details Dumper - 2011 

 

Table D.6 Breakdown Details Wheel Loader - 2007 
 

 

 

Table D.7 Breakdown Details of Wheel Loader 2008 
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1 Dumper 51 260 260 260 256 260 260 260 234 240 260 260 260 3070 50 3

2 Dumper 52 260 260 260 80 260 255 260 240 260 260 260 260 2915 205 3

2 Dumper 53 260 260 260 260 260 260 260 260 260 260 260 260 3120

4 Dumper 54 260 260 246 260 230 260 240 260 260 260 260 260 3056 64 4

5 Dumper 56 260 260 225 260 260 260 260 260 260 260 260 260 3085 35 2

6 Dumper 57 260 260 260 260 260 260 257 260 260 260 260 260 3117 3 1

7 Dumper 58 260 260 260 60 260 260 260 260 260 260 260 260 2920 200 1

8 Dumper 61 260 260 260 260 260 260 260 260 260 260 260 260 3120

9 Dumper 517 260 260 260 260 260 260 260 247 260 260 260 260 3107 13 1

10 Dumper 518 260 260 260 260 260 260 215 260 260 260 260 260 3075 45 1

11 Dumper 520 260 260 260 260 260 260 260 260 260 260 260 260 3120

12 Dumper 1013 260 260 260 260 260 260 260 260 260 260 260 260 3120

13 Dumper 1014 260 260 260 260 260 260 260 260 260 260 260 198 3058 62 1

14 Dumper 3172 260 260 254 260 260 260 260 260 260 260 260 260 3114 6 1

15 Dumper 3177 260 255 260 260 260 260 260 260 260 260 260 260 3115 5 1

16 Dumper 16 9 4 2 260 242 260 260 260 260 260 260 260 260 260 260 3102 18 1

17 Dumper 16 9 4 3 260 260 260 260 260 244 260 255 260 260 260 253 3092 28 3

18 Dumper 1776 8 260 260 260 260 230 260 260 260 260 260 260 260 3090 30 1

19 Dumper 1776 9 260 260 260 260 260 260 260 260 260 260 260 260 3120

20 Dumper 19 9 9 4 260 260 260 260 200 260 260 260 260 260 257 260 3057 63 2

Total 4940 4917 4885 4556 4880 4919 4872 4876 4920 4940 4940 4871 58516 827 24
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1 Wheel Loader 67 194 254 260 260 260 260 256 253 260 260 260 260 3103.5 81.5 5

2 Wheel Loader 68 256 258 260 255 260 260 260 260 260 256 260 260 3172.5 15 4

Total 450 512 520 515 520 520 516 513 520 516 520 520 6276 96.5 9
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1 Wheel Loader 67 260 260 260 260 242 0 40 256 255 258 256 249 2595.5 524.5 11

2 Wheel Loader 68 238 260 260 255 260 260 260 254 256 240 260 254 3056.5 63.5 7

Total 498 520 520 515 502 260 300 510 511 498 516 503 5652 588 18
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Table D.8 Breakdown Details of Wheel Loader 2009 

 

 

Table D.9 Breakdown Details of Wheel Loader 2010 

 

 

Table D.10 Breakdown Details of Wheel Loader 2011 
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1 Wheel Loader 67 260 257 260 250 251 253 243 248 255 252 254 255 3038 82 21

2 Wheel Loader 68 243 260 256 256 250 254 157 256 254 233 241 214 2874 246 16

3 Wheel Loader 17500 260 260 260 260 260 260 260 221 80 0 236 240 2597 523 7

Total 763 777 776 766 761 767 660 725 589 485 731 709 8509 851 44
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1 Wheel Loader 67 248 256 256 258 260 260 254 260 256 260 110 260 2938 182 7

2 Wheel Loader 68 252 254 249 260 260 257 260 257 187 251 247 260 2994 126 8

3 Wheel Loader 17500 256 256 260 110 260 260 260 223 260 40 255 260 2700 420 6

Total 756 766 765 628 780 777 774 740 703 551 612 780 8632 728 21
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1 Wheel Loader 67 254 260 248 255 260 237 255 260 260 242 257 255 3043 72 12

2 Wheel Loader 68 248 254 213 252 260 247 260 256 260 260 260 260 3030 88 11

3 Wheel Loader 17500 80 260 260 180 209 260 255 175 260 70 254 251 2514 606 11

Total 582 774 721 687 729 744 770 691 780 572 771 766 8587 766 34
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APPENDIX E – PARETO ANALYSIS FOR SELECTED MACHINERY 

OF THE TARGET COMPANY  

 

Figure E.1 Pareto Analysis of Back Hoe Loader 
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Figure E.2 Pareto Analysis of Mobile Crane 

MOBILE CRANE 2007

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

LL5 195 54% 54%

EE17 77 21% 75%

AA8 30 8% 83%

LL2 20 6% 89%

LL4 19 5% 94%

JJ1 8 2% 96%

EE12 4.5 1% 97%

GG7 4 1% 98%

LL6 3 1% 99%

JJ2 2.5 1% 100%

MOBILE CRANE 2008

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

LL8 250 46% 46%

LL6 109 20% 66%

JJ8 55 10% 76%

GG7 44 8% 84%

LL5 32.5 6% 90%

AA1 22 4% 94%

AA3 20 4% 98%

AA5 10 2% 100%

MOBILE CRANE 2009

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

LL4 50 16% 16%

GG7 48.5 16% 32%

JJ8 47 15% 47%

AA3 46 15% 62%

DD1 28 9% 71%

KK1 13 4% 75%

JJ3 12 4% 79%

LL8 10 3% 82%

AA8 10 3% 85%

JJ1 9 3% 88%

LL7 8 3% 91%

LL6 8 3% 94%

LL1 7 2% 96%

KK2 6 2% 98%

AA2 3 1% 99%

JJ2 2 1% 99%

LL2 2 1% 100%

MOBILE CRANE 2010

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

AA4 350 39% 39%

JJ8 150 17% 55%

DD5 104 11% 67%

AA1 75 8% 75%

LL5 73 8% 83%

JJ1 56 6% 89%

GG7 29 3% 92%

AA8 25 3% 95%

GG4 13 1% 97%

JJ2 12 1% 98%

DD8 10 1% 99%

LL6 8 1% 100%
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Figure E.3 Pareto Analysis of Roller Compactor 

Roller Compactor 2007

Breakdow

n Codes
Hours Percentage

Cumulative 

Percentage 

(CP)

DD1 518 49% 49%

AA4 160 15% 65%

CC6 154 15% 79%

LL6 150 14% 94%

AA6 35 3% 97%

CC8 18 2% 99%

LL1 12 1% 100%

Roller Compactor 2008

Breakdow

n Codes
Hours Percentage

Cumulative 

Percentage 

(CP)

CC2 110 45% 45%

JJ8 50 20% 65%

BB1 40 16% 81%

AA5 26 11% 91%

CC2 8 3% 95%

LL6 6 2% 97%

JJ3 5 2% 99%

BB6 2 1% 100%

Roller Compactor 2009

Breakdow

n Codes
Hours Percentage

Cumulative 

Percentage 

(CP)

CC 6 325.5 49% 49%

AA 6 137 21% 70%

AA 4 103 16% 85%

LL1 45 7% 92%

AA 5 25 4% 96%

BB 9 10 2% 97%

LL6 10 2% 99%

CC 4 8 1% 100%

Roller Compactor 2010

Breakdow

n Codes
Hours Percentage

Cumulative 

Percentage 

(CP)

CC11 458 57% 57%

AA1 260 32% 89%

LL6 70 9% 98%

BB3 16 2% 100%
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Figure E.4 Pareto Analysis of Forklift 

Forklift 2007

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

GG3 40 98% 98%

GG7 1 2% 100%

Forklift 2008

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

HH2 25 29% 29%

EE1 20 23% 52%

LL5 18 21% 72%

JJ8 11 13% 85%

JJ2 7 8% 93%

GG5 4 5% 98%

GG7 2 2% 100%

Forklift 2009

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

JJ 1 84 76% 76%

GG 7 15 14% 89%

AA 2 8 7% 96%

LL 6 4 4% 100%

Forklift 2010

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

AA2 46 71% 71%

EE16 10 16% 87%

GG8 8.5 13% 100%
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Figure E.5 Pareto Analysis of Skid Steer Loader 

Skidsteer 2007 (Bobcat)

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

LL1 115 49% 49%

LL6 79.5 34% 83%

AA5 18 8% 91%

GG7 13 6% 97%

AA2 8 3% 100%

Skidsteer 2008 (Bobcat)

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

LL 2 118 48% 48%

AA3 37 15% 63%

JJ3 30 12% 75%

LL6 21 9% 83%

JJ1 10 4% 87%

AA2 10 4% 91%

GG5 8 3% 95%

JJ8 7 3% 98%

GG7 4 2% 99%

JJ2 2 1% 100%

Skidsteer 2009 (Bobcat)

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

LL 2 53 28% 28%

LL 6 39 21% 49%

AA 5 33 18% 67%

JJ 1 28 15% 82%

JJ 3 15.5 8% 91%

LL 1 11 6% 97%

GG 7 3.5 2% 98%

JJ 4 3 2% 100%

Skidsteer 2010 (Bobcat)

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

HH8 56 57% 57%

LL5 20 20% 78%

LL6 12 12% 90%

AA2 6 6% 96%

JJ1 4 4% 100%
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Figure E.6 Pareto Analysis of Generator 

Generator 2007

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

AA4 780 38% 38%

AA3 210 10% 48%

AA2 198 10% 58%

JJ6 175 9% 66%

AA5 146 7% 73%

BB8 140 7% 80%

BB1 130 6% 86%

JJ4 80 4% 90%

BB7 70 3% 94%

JJ7 61 3% 97%

JJ1 30 1% 98%

AA8 20 1% 99%

JJ3 11 1% 100%

JJ2 4.5 0% 100%

JJ5 2 0% 100%

Generator 2008

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

AA 4 260 14% 14%

BB6 238 13% 27%

JJ6 237 13% 40%

AA2 202.5 11% 51%

JJ1 185 10% 61%

BB4 175 10% 71%

BB3 124 7% 77%

JJ3 109.5 6% 83%

AA3 109 6% 89%

BB2 52 3% 92%

BB7 44 2% 94%

JJ4 35 2% 96%

BB9 24 1% 98%

JJ8 24 1% 99%

JJ7 8 0% 99%

JJ5 5 0% 100%

AA11 3 0% 100%

JJ2 3 0% 100%

Generator 2009

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

AA 4 732 27% 27%

JJ 6 574 21% 48%

AA 2 527 19% 67%

JJ 4 283 10% 77%

BB 8 180 7% 84%

JJ 2 119 4% 88%

AA 3 99 4% 92%

BB 3 80 3% 95%

JJ 1 37 1% 96%

BB 5 34 1% 97%

BB 7 25 1% 98%

LL 7 18 1% 99%

JJ3 17 1% 99%

AA 8 5 0% 99%

BB 2 5 0% 100%

JJ 5 5 0% 100%

BB 9 4 0% 100%

Generator 2010

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

AA 4 541 20% 20%

AA5 491 18% 37%

JJ1 349 13% 50%

LL 6 320 12% 61%

JJ 6 235 8% 70%

AA 2 217 8% 78%

BB 3 171 6% 84%

BB 7 100 4% 87%

AA 3 67 2% 90%

BB 2 52 2% 92%

JJ 2 51 2% 94%

BB 1 48 2% 95%

JJ 3 43 2% 97%

AA 9 40 1% 98%

JJ 4 25 1% 99%

BB 5 20 1% 100%

JJ 5 3 0% 100%
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Figure E.7 Pareto Analysis of Compressor 

Compressor 2007

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

AA11 443 44% 44%

AA7 245 24% 68%

JJ1 120 12% 80%

AA2 70 7% 86%

BB3 50 5% 91%

AA4 40 4% 95%

AA8 23 2% 98%

AA5 15 1% 99%

AA3 10 1% 100%

Compressor 2008

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

JJ 3 161 36% 36%

AA2 112.5 25% 61%

JJ1 94 21% 82%

AA11 53 12% 94%

AA5 19 4% 98%

JJ2 9 2% 100%

Compressor 2009

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

JJ 3 294 37% 37%

JJ 1 163 20% 57%

AA 7 111 14% 71%

AA 1 100 12% 83%

AA 3 60 7% 90%

BB 3 39 5% 95%

DD 9 20 2% 98%

AA 11 18 2% 100%

Compressor 2010

Breakdown 

Codes
Hours Percentage

Cumulative 

Percentage (CP)

DD9 404 36% 36%

AA4 350 31% 68%

JJ1 251 22% 90%

AA7 75 7% 97%

JJ3 15 1% 98%

AA11 12 1% 99%

BB9 6 1% 100%

JJ2 3.5 0% 100%
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APPENDIX F: BREAKDOWN MAINTENANCE PROTOCOL 

(BMP) LIST - (BMP 01 to BMP 195) 
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APPENDIX G – LIST OF METHOD OF RECTIFICATION SHEETS 

 

 

Method of Rectification:BMP 50 (A17R4)

- To check the engine temperature, if it is heated do not remove the water pump.

- To reduce the pressure and drain the coolant water from the radiator.

- To loose the radiator top hose, bottom hose clips and radiator mountings after remove the radiator from the engine.

- To remove the fan belt, radiator cover and fan leaf.

- Remove the water pump from the engine.

- To clean thoroughly water pump seating place.

- Apply packing paste on seating place.

- To fix new gasket on water pump.

- To re-fix fan belt radiator and fan assy.

- To tight the drain plug and fill up the coolant water at required level.

- To start the engine and check the leakages.

Method of Rectification: BMP 49 (A17R3)

- To check the engine temperature, if it is heated do not remove the water pump.

- To reduce the pressure and drain the coolant water from the radiator.

- To loose the radiator top hose, bottom hose clips and radiator mountings after remove the radiator from the engine.

- To remove the fan belt, radiator cover and fan leaf.

- Remove the water pump from the engine.

- To clean thoroughly water pump seating place.

- Apply packing paste on seating place.

- To fix gasket and new water pump on engine.

- To re-fix fan belt radiator and fan assy.

- To tight the drain plug and fill up the coolant water at required level.

- To start the engine and check the leakages.

Method of Rectification: BMP 51 (A17R5)

- To check the engine temperature, if it is heated do not remove the water pump.

- To reduce the pressure and drain the coolant water from the radiator.

- To loose the radiator top hose, bottom hose clips and radiator mountings after remove the radiator from the engine.

- To remove the fan belt, radiator cover and fan leaf.

- Remove the water pump from the engine.

- To clean thoroughly water pump seating place.

- To check & correct the seating place.

- Apply packing paste on seating place.

- To fix new gasket on water pump.

- To re-fix fan belt radiator and fan assy.

- To tight the drain plug and fill up the coolant water at required level.

- To start the engine and check the leakages.
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Method of Rectification:BMP52 (A17R6)

- To check the engine temperature, if it is heated do not remove the water pump.

- To reduce the pressure and drain the coolant water from the radiator.

- To loose the radiator top hose, bottom hose clips and radiator mountings after remove the radiator from the engine.

- To remove the fan belt, radiator cover and fan leaf.

- Remove the water pump from the engine.

- To clean thoroughly water pump seating place.

- To check & correct the seating place.

- Apply packing paste on seating place.

- To fix new gasket on water pump.

- To re-fix fan belt radiator and fan assy.

- To tight the drain plug and fill up the coolant water at required level.

- To start the engine and check the leakages.

Method of Rectification: BMP 54 (A19R1)

- To disconnect the battery connection / Off the master switch.

- To loose the belt adjuster and remove the alternator and belt from the engine.

- To dismantle the alternator and remove the bearing from the alternator.

- To change the new bearing and reassemble alternator.

- To fit the alternator assembly and new fan belt.

- To check the belt tight at required level.

- To connect the battery connection & ON master switch.

- To check coolant level, if required to top-up.

- To start the engine, check the engine temperature and battery charging.

Method of Rectification:BMP 55 (A19R2)

- To disconnect the battery connection / Off the master switch.

- To loose the belt adjuster and remove the alternator and belt from the engine.

- To remove the broken radiator cover.

- To change the new radiator cover and new belt.

- To fit the alternator assembly and new fan belt.

- To check the belt tight at required level.

- To connect the battery connection & ON master switch.

- To check coolant level, if required to top-up.

- To start the engine, check the engine temperature and battery charging.
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Method of Rectification: BMP 57 (A19R4)

- To disconnect the battery connection / Off the master switch.

- To loose the belt adjuster and remove the alternator and belt from the engine.

- To remove the radiator fan and clutch assembly..

- To fix the new radiator cover.

- To fit the alternator assembly and new fan belt.

- To check the belt tight at required level.

- To connect the battery connection & ON master switch.

- To check coolant level, if required to top-up.

- To start the engine, check the engine temperature and battery charging.

Method of Rectification: BMP 58 (A24R1)

- To reduce the pressure and drain the coolant water from the radiator.

- To loose the radiator top hose, bottom hose clips and radiator mountings after remove the radiator from the engine.

- To repair and service the radiator.

- Pressure tested on radiator.

- To fit the radiator and all accessories simultaneous.

- To start the engine and check the leakages and engine temperature

Method of Rectification: BMP 86 (A38R5)

- To check the engine temperature, if it is heated do not remove the water pump.

- To reduce the pressure and drain the coolant water from the radiator.

- To loose the radiator top hose, bottom hose clips and radiator mountings after remove the radiator from the engine.

- To remove the fan belt, radiator cover and fan leaf.

- Remove the water pump from the engine.

- To clean thoroughly water pump seating place.

- Apply packing paste on seating place.

- To fix new gasket on water pump.

- To re-fix fan belt radiator and fan assy.

- To tight the drain plug and fill up the coolant water at required level.

- To start the engine and check the leakages.
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Method of Rectification: BMP 87  (A38R6 )

- To drain the engine oil from the engine.

- To remove all injector pipes, valve door cover, rocker arm, push rods from the cylinder head.

- To drain the coolant oil from the radiator.

- To loosen the radiator top hose, bottom hose clips and radiator mountings and remove the radiator from the engine.

- To remove the fan belt, radiator cover and fan leaf.

- Remove the water pump from the engine.

- To loosen and remove the cylinder head bolt.

- To remove the exhaust and inlet manifolds from the head.

- To remove the cylinder head assmebly from the engine.

- To remove the head gasket.

- To change the new head assembly with inlet and exhaust valve, seat & guide.

- To clean head surface area.

- To change the new head gasket.

- To inspect the push rod, rocker arm, cylinder bore. If it is ok, re-assmeble as same.

- To fix the radiator, water pump, fan leaf, hoses.

- To tight the drain plug and fill up the coolant water at required level.

- To tight the drain plug and fill up the engine oli (Specificed Grade) at required level.

- To start the engine, check the head pressure and find any leakages.
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APPENDIX H: GENERAL CONSTRUCTION MACHINERY USED IN 

CONSTRUCTION INDUSTRY 
 

Table H.1 Types of construction equipment and machinery 

 

 

 

Heavy Equipment Vibrator Roller / Small

Mobile Crane Road Cleaning Machine

Wheel Loader Utilities and Equipment

Boom Loader Compressor – Air

Excavator Generators

Back Hoe Loader Concrete Pump

Grader Asphalt Mixer

Single Drum Vibration Roller Wet Mixer

Double Drum Vibration Roller Mobile Light Tower

Dozer Grade Rail Machine

Pneumatic tired Roller Dewatering Pump

Milling Machine Jetting Pump

Piling Machine Small Equipment

Drilling Machine Compactor  - Plate/ Roller

Tele-handler Power floats

Crawler Crane Bar Bending Machine

Dump Truck Bar Cutting Machine

Heavy Plant Tile Cutting Machine

Power Machines Block Cutting Machine

Tower Cranes Mixer Machine

Hoists Scabbler 

Cradles Concrete Vibrators

Concrete Placer Booms Wood saw / Planner

Batching Plant Floor Polishing Machine

Asphalt Plant Screwed Machine

Wet Mix Plant Plaster Machine

Medium Equipment Water Jet Pump

Skid steer Road Cutting Machine

Dumper Interlock Cutting Machine

Mini Excavator Industrial Vacuum Cleaner

Fork Lift Jack Hammer

Spray Plaster Mosaic Polish Machine

Scissor Lift Road Marking Machine
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Construction Machinery Selection 

The first principle of construction machinery selection that must be understood is the fact that 

each item of machinery is a tool designed for certain specific purposes. In construction work, 

a contractor cannot ordinarily afford to have the piece of construction machinery best adapted 

to each operation that may ever be required during a construction project so it’s necessary to 

select the best machinery available for the job. 

In general, the best strategy is to consider the most commons tasks and select construction 

machinery that will accomplish those tasks. When the need arises, the construction engineer 

will use his ingenuity in an effort to adapt the machinery available in such a manner to 

complete the task without putting either the machinery or the construction site personnel in a 

perilous situation. 

It is always possible to avoid the high cost of purchasing a specific piece of construction 

machinery by renting it for the short term. The expenses for that specific construction project 

will be increased but at least the job will be done correctly using construction machinery 

designed for that specific purpose and moreover it will be done safely. Renting construction 

machinery also saves the enormous cost of having to purchase the machinery for just one job. 

The second principle in selecting construction machinery is the fact that cost per unit of 

production, and not initial investment or even ownership cost per hour of an individual piece 

of construction machinery is the true criterion of economical selection. 

For example, when a shovel breaks down, it is not only running up repair costs, but the 

ownership and labor costs of a whole fleet of trucks will continue to increase while the trucks 

produce nothing, waiting for the shovel to be repaired or replaced. 

The third principle of construction machinery selection is that of utilizing standardized 

machinery as far as practicable. Standardized parts are readily available and can be stocked 

so as to minimize replacement delays. They are almost always considerably cheaper than 

specially made parts. In addition, standardized construction machinery is generally readily 

convertible to various other uses by addition or substitution of other standardized parts which 

minimized the initial investment in construction machinery. 
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The fourth and final principle of construction machinery selection is to not use machinery too 

large of too powerful for the job. Large heavy machinery running at a fraction of its capacity 

is generally less economical than smaller machinery running at capacity. 

This principle must be applied in accordance with construction machinery available which 

may have been selected on a basis of the majority of operations to be performed versus that 

of any single operation. In addition, the transport of heavy machinery from one job site to 

another may be challenging when you consider such things as bridge capacity and clearance, 

overhead wires, and highway load limits.  

While selecting the type of construction machinery to employ, one must consider the nature 

of work involved. For instance in Dam construction, the required machines would be dozers, 

excavators and wheel loaders, while in road construction one would require compactors 

motor graders and backhoe loaders among others. In addition, the size of the project must be 

put into consideration. For instance in case of a new road construction, one would require a 

powerful 140H Motor grader because it can rip more virgin ground compared to 120h which 

is more suitable for maintenance work. In the highly competitive demolition field, a 

contractor is most concerned with machine versatility, durability and dependability. All 

machines working at site are often needed to perform multiple tasks. Various work tools 

properly applied are the key to success. According to automobile experts, as far as durability 

and reliability is concerned, machines and work tool designs must afford the maximum time 

when utilized in harsher environments. With this information in mind, selecting among the 

variety of wheel loaders, skid steers and backhoe loaders available, should be a bit easier 

though each machine offers different strength that may be more suitable for a given job.  

Failure to adhere with proper maintenance intervals and procedures may result in diminished 

performance of the product and or accelerated wear of components. Some of the challenges 

facing the sector include the high initial cost especially when the economy is not good, hence 

most companies or individuals cannot afford to purchase the right machinery. Unfair 

competitions from inferior products being sold at throw away prices without support. To deal 

with the above challenges, respective governments should set standards for the type of 

machinery to be used by contractors undertaking funded government projects. Creating 

awareness of the range of machinery and support available in the region and what value they 

bring. 
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WHEEL LOADER  

 

      

Volvo L120E front loader   Caterpillar 988 adapted for log handling 

 

 

A track loader 

A loader is an engineering vehicle (often used in construction) that is primarily used to "load" 

material (asphalt, demolition debris, dirt, feed, gravel, logs, raw minerals, recycled material, 

rock, sand, wood chips, etc.) into or onto another type of machinery (dump truck, conveyor 

belt, feed-hopper, rail-car, etc.). A loader (also known as: bucket loader, front loader, front 

end loader, pay loader, scoop loader, shovel, skip loader, and/or wheel loader) is a type of 

tractor, usually wheeled, sometimes on tracks, that has a front mounted square wide bucket 

connected to the end of two booms (arms) to scoop up loose material from the ground, such 

as dirt, sand or gravel, and move it from one place to another without pushing the material 

across the ground. A loader is commonly used to move a stockpiled material from ground 

level and deposit it into an awaiting dump truck or into an open trench excavation. 

Loaders are used mainly for uploading materials into trucks, laying pipe, clearing rubble, and 

digging. A loader is not the most efficient machine for digging as it cannot dig very deep 

below the level of its wheels, like a backhoe can. Their deep bucket can usually store about 3-
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6 cubic meters (exact number varies with the model) of earth. The front loader’s bucket 

capacity is much bigger than a bucket capacity of a backhoe loader. Loaders are not classified 

as earthmoving machinery, as their primary purpose is other than earthmoving. 

Unlike most bulldozers, most loaders are wheeled and not tracked, although track loaders are 

common. They are successful where sharp edged materials in construction debris would 

damage rubber wheels, or where the ground is soft and muddy. Wheels provide better 

mobility and speed and do not damage paved roads as much as tracks but provide less 

traction. In construction areas loaders are also used to transport building materials – such as 

bricks, pipe, metal bars, and digging tools – over short distances. 

Loaders are also used for snow removal, using their bucket or a snow basket, but usually 

using a snowplow attachment. They clear snow from streets, highways and parking lots. They 

sometimes load snow into dump trucks for transport. High-tip buckets are suitable for light 

materials such as chip, peat and light gravel and when the bucket is emptied from a height. 

 

Skid loaders & track loaders 

A skid loader is a small loader utilizing four wheels with hydraulic drive that directs power to 

either, or both, sides of the vehicle. Very similar in appearance and design is the track loader, 

which utilizes a continuous track on either side of the vehicle instead of the wheels. Since the 

expiration of Bobcat’s patent on its quick-connect system, newer tractor models are 

standardizing on that popular format for front end attachments. 

 

Backhoe loader  

Backhoe loader, also called a loader backhoe, and commonly shortened to backhoe, is an 

engineering vehicle, which consists of a tractor, fitted with a shovel/bucket on the front and a 

small backhoe on the back. Due to its (relatively) small size and versatility, backhoe loaders 

are very common in urban engineering and small construction projects (such as building a 

small house, fixing city roads etc.). 
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Back Hoe Loader 

Backhoe loaders are very common and can be used for a wide variety of tasks: construction, 

small demolitions and light transportation of building materials, powering building 

machinery, digging holes/excavation, landscaping, breaking asphalt, and paving roads.  

A backhoe, also called a rear actor or back actor, is a piece of excavating machinery or digger 

consisting of a digging bucket on the end of a two-part articulated arm. They are typically 

mounted on the back of a tractor or front loader. The section of the arm closest to the vehicle 

is known as the boom, and the section which carries the bucket is known as the dipper or 

dipper stick (the terms ‘boom’ and ‘dipper’ having been used previously on steam shovels). 

The boom is attached to the vehicle through a pivot known as the kingpost, which allows the 

arm to slew left and right, usually through a total of around 200 degrees. Modern backhoes 

are powered by hydraulics.  

A backhoe loader is a tractor-like vehicle with an arm and bucket mounted on the back and a 

front loader mounted on the front. This type of vehicle is often known colloquially as a JCB 

in Europe and simply a Backhoe or a Tractor Loader Backhoe, or TLB, in North America. In 

North American terms, a Backhoe includes both a front bucket and a rear hoe, on a chassis 

originally derived from farm tractors. A dedicated hoe on its own chassis is more properly 

referred to as an excavator. 

 

Mini Dumpers 

 
Mini Dumpers are versatile construction machinery that really punches above its weight and 

used in most of the building construction sites where material movement is at large. The 

actual lifting system in a mini dumper is very simple, and relies on the staple of most of the 

construction vehicles: which is the principle of hydraulics. One or more hydraulic pistons or 
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actuators are used to raise the 'dump box' containing the material. These rams raise one end of 

the box high enough to allow the driver to dump its contents. On high tip models this is 

enough to load into a high sided vehicle. 

Hydraulics are used instead of pneumatic rams, as pneumatics by their nature use liquid that 

could be compressed by the weight of the load, causing the dump box to lower 

unintentionally. Hydraulic liquids cannot be compressed, hence their common use in 

construction. With hydraulic pistons, the operator can lower the dump box gradually by 

slowly releasing the hydraulic fluid, which brings it back to its original position. 

The hydraulic system uses power which is generally drawn from the dumper's transmission 

through engine, like on larger dumpers. This means that unless the vehicle is running on its 

engine it won't be able to lift anything. On larger dump trucks the power is transferred from 

the transmission to the pistons by way of the Power Take Off, similar to what we find on a 

tractor. 

A PTO is a separate splined driveshaft which is connected to the main transmission. This 

provides power to the pump that feeds fluid into the hydraulics, but on a mini dumper this 

system is integrated into the machine itself and as such does not require a PTO like its bigger 

brothers. 

As with any piece of construction machinery, a mini dumper is built with limits to its ability. 

Aside from its maximum load weight, the actual distribution of this weight in the dump box 

can affect the true height that the box can be lifted to, so it is always best to play it safe and 

never overload the vehicle. The size of the hydraulics is also the main limit to the power of 

the mini dumper, as the pistons must fit inside these cylinders. 

Like other dumper trucks, mini dumpers should be treated with the right care, and not 

neglected because of their size. Dumpers are statistically the most likely vehicle to be 

involved in an accident on a construction site, so always ensure that all safety precautions are 

followed and that users and operators are fully trained. Mini dumpers are a great investment, 

and due to the wide range of models available, there is a machine to suit every job. From 

300kg to over 6 tons, mini dumpers are a great way to save time and effort on the 

construction site. 
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Mini Dumper Activities 

Roller Compactor 

A compactor is a machine or mechanism used to reduce the size of waste material or soil 

through compaction. A trash compactor is often used by homes and businesses to reduce the 

volume of trash. Normally powered by hydraulics, compactors take many shapes and sizes. In 

landfill sites for example, a large bulldozer with spiked wheels called a landfill compactor is 

used to drive over waste deposited by waste collection vehicles (WCVs). 

Increasing the density of soil, along with its side effects of increased strength and decreased 

permeability, is usually desirable in earthwork constructions and below the building 

foundations. Compaction is accomplished by use of heavy machinery. In sands and gravels, 

the machinery usually vibrates, to cause re-orientation of the soil particles into a denser 

configuration. In silts and clays, a sheep’s foot roller is frequently used, to create small zones 

of intense shearing, which drives air out of the soil. The result of soil compaction is measured 

by determining the bulk density of the compacted soil and comparing it to a maximum 

density, for example, obtained from a Proctor compaction test, to determine the relative 

compaction. 
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Roller Compactor at road formation 

 

Tower Cranes: 

 

Tower cranes are a common fixture at any major construction site. They're pretty hard to miss 

-- they often rise hundreds of feet into the air, and can reach out just as far. The construction 

crew uses the tower crane to lift steel, concrete, large tools like acetylene torches and 

generators, and a wide variety of other building materials.  A typical tower crane has the 

following specifications: 

 

• Unsupported height – (40 to 90 meters) / the crane can have a total height much 

greater than this height if it is tied laterally to the building as the building rises around 

the crane.  

• Maximum reach - (90 meters) / maximum lifting power – up to 24 tons, but the 

maximum moment is limited with the capacity at the tip.  

• For example, the maximum load that the crane can lift is 18 metric tons, but the crane 

cannot lift that much weight if the load is positioned at the end of the jib. The closer 

the load positioned to the mast, the more weight the crane can lift safely.  

• The 300 ton -meter rating can explain the relationship. For example, if the operator 

positions the load at 30 meters (100 feet) from the mast, the crane can lift a maximum 

of 10.1 tons. (This very much depends on load chart provided by the crane 

manufacturer)  

• Counterweights - 20 tons to 30 tons / the crane uses two limit switches to make sure 

that the operator does not overload the crane:        
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• The maximum load switch monitors the pull on the cable and makes sure that the load 

does not exceed 18 tons.  

• The load moment switch makes sure that the operator does not exceed the ton-meter 

rating of the crane as the load moves out on the jib.  

• A cat head assembly in the slewing unit can measure the amount of collapse in the jib 

and sense when an overload condition occurs.  

• The base is bolted to a large concrete pad that supports the crane. The base connects 

to the mast (or tower), which gives the tower crane its height.  

• Attached to the top of the mast is the slewing unit -- the gear and motor -- that allows 

the crane to rotate:  

• The long horizontal jib (or working arm), which is the portion of the crane that carries 

the load.  

• A trolley runs along the jib to move the load in and out from the crane's center:  

• The shorter horizontal machinery arm, which contains the crane's motors and 

electronics as well as the large concrete counter weights:  

• The operator's cab: The machinery arm contains the motor that lifts the load, along 

with the control electronics that drive it and the cable drum 

• The motors that drive the slewing unit are located above the unit's large gear.   

 

 
 

Tower Crane with labeled parts 
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APPENDIX I: MAINTENANCE TERMINOLOGIES 

Asset Management - the systematic planning and control of a physical resource throughout 

its life. This may include the specification, design, and construction of the asset, its operation, 

maintenance and modification while in use, and its disposal when no longer required.  

Availability - the proportion of total time that an item of machinery is capable of performing 

its specified functions, normally expressed as a percentage. It can be calculated by dividing 

the machinery available hours by the total number of hours in any given period. One of the 

major sources of disagreement over the definition of availability is whether downtime should 

be divided by total hours, or by Scheduled Operating Time.  

Average Life - how long, on average, a component will last before it suffers a failure. 

Commonly measured by Mean Time Between Failures.  

Benchmarking - the process of comparing performance with other organizations, identifying 

comparatively high performance organizations, and learning what it is they do that allows 

them to achieve that high level of performance.  

Breakdown - a specific type of failure, where an item of plant or machinery is completely 

unable to function.  

Component - a subassembly of an Asset, usually removable in one piece and interchangeable 

with other, standard components (eg. Truck engine).  

Computerized Maintenance Management System – is a computerized system to assist 

with the effective and efficient management of maintenance activities through the application 

of computer technology. It generally includes elements such as a computerized Work Order 

system, as well as facilities for scheduling Routine Maintenance Tasks, and recording and 

storing Standard Jobs, Bills of Materials and Applications Parts Lists, as well as numerous 

other features.  

Condition Based Maintenance - Machinery maintenance strategy based on measuring the 

condition of machinery in order to assess whether it will fail during some future period, and 

then taking appropriate action to avoid the consequences of that failure. The condition of 

machinery could be monitored using Condition Monitoring, Statistical Process Control 
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techniques, by monitoring machinery performance, or through the use of the Human Senses. 

The terms Condition Based Maintenance, On-Condition Maintenance and Predictive 

Maintenance can be used interchangeably.  

Condition Monitoring – is the use of specialist machinery to measure the condition of 

machinery. Vibration Analysis, Tribology and Thermography are all examples of Condition 

Monitoring techniques.  

Corrective Maintenance – is the maintenance activity which is required to correct a failure 

that has occurred or is in the process of occurring. This activity may consist of repair, 

restoration or replacement of components.  

Criticality - The priority rank of a failure mode based on some assessment criteria.  

Downtime - the time that an item of machinery is out of service, as a result of machinery 

failure. The time that an item of machinery is available, but not utilized is generally not 

included in the calculation of downtime.  

Economic Life - the total length of time that an asset is expected to remain actively in service 

before it is expected that it would be cheaper to replace the machinery rather than continuing 

to maintain it. In practice, machinery is more often replaced for other reasons, including: 

because it no longer meets operational requirements for efficiency, product quality, comfort 

etc., or because newer machinery can provide the same quality and quantity of output more 

efficiently.  

Machinery Maintenance Strategies - the choice of routine maintenance tasks and the timing 

of those tasks, designed to ensure that an item of machinery continues to fulfill its intended 

functions.  

Failure - an item of machinery has suffered a failure when it is no longer capable of fulfilling 

one or more of its intended functions. Note that an item does not need to be completely 

unable to function to have suffered a failure. For example, a pump that is still operating, but 

is not capable of pumping the required flow rate, has failed. In Reliability Centered 

Maintenance terminology, a failure is often called a Functional Failure.  
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Failure Code - a code typically entered against a Work Order in a CMMS which indicates 

the cause of failure (eg. lack of lubrication, metal fatigue etc.)  

Failure Effect - a description of the events that occur after a failure has occurred as a result 

of a specific Failure Mode. It is used in Reliability Centered Maintenance, FMEA and 

FMECA analyses.  

Failure Mode – is any event which causes a failure.  

Failure Modes, Effects and Criticality Analysis – this is a structured method of assessing 

the causes of failures and their effect on production, safety, cost, quality etc.  

Failure Modes and Effects Analysis - a structured method of determining machinery 

functions, functional failures, assessing the causes of failures and their failure effects. The 

first part of a Reliability Centered Maintenance analysis is a Failure Modes and Effects 

Analysis.  

Failure Pattern – it is the relationship between the Conditional Probability of Failure of an 

item, and its age. Failure patterns are generally applied to Failure Modes. Research in the 

airline industry established that there are six distinct failure patterns. The type of failure 

pattern that applies to any given failure mode is of vital importance in determining the most 

appropriate machinery maintenance strategy. This fact is one of the key principles underlying 

Reliability Centered Maintenance.  

FTA - Fault Tree Analysis  

Infant Mortality - The relatively high conditional probability of failure during the period 

immediately after an item returns to service.  

Inherent Reliability - A measure of the reliability of an item, in its present operating 

context, assuming adherence to ideal machinery maintenance strategies.  

Inspection - Any task undertaken to determine the condition of machinery, and/or to 

determine the tools, labor, materials, and machinery required to repair the item.  

Key Performance Indicators - A select number of key measures that enable performance 

against targets to be monitored.  
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Life Cycle Costing – is a process of estimating and assessing the total costs of ownership, 

operation and maintenance of an item of machinery during its projected machinery life. This 

is typically used in comparing alternative machinery design or purchase options in order to 

select the most appropriate option.  

Maintainability - the ease and speed with which any maintenance activity can be carried out 

on an item of machinery. It may be measured by Mean Time to Repair. Is a function of 

machinery design, and maintenance task design (including use of appropriate tools, jigs, work 

platforms etc.).  

Maintainability Engineering - The set of technical processes that apply maintainability 

theory to establish system maintainability requirements, allocate these requirements down to 

system elements and predict and verify system maintainability performance.  

Maintenance - any activity carried out on an asset in order to ensure that the asset continues 

to perform its intended functions, or to repair the machinery. Note that modifications are not 

maintenance, even though they may be carried out by maintenance personnel.  

Maintenance Policy - a statement of principle used to guide Maintenance Management 

decision making  

Maintenance Schedule - a list of planned maintenance tasks to be performed during a given 

time period, together with the expected start times and durations of each of these tasks. 

Schedules can apply to different time periods (i.e. Daily Schedule, Weekly Schedule etc.)  

Maintenance Strategy – it is a long-term plan, covering all aspects of maintenance 

management which sets the direction for maintenance management, and contains firm action 

plans for achieving a desired future state for the maintenance function.  

Mean Time Between Failures - a measure of machinery reliability. It is equal to the number 

of failures in a given time period, divided by the total machinery uptime in that period.  

Mean Time To Repair - a measure of maintainability. It is equal to the total machinery 

downtime in a given time period, divided by the number of failures in that period.  
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Operating Context - the operational situation within which an asset operates. For example, 

is it a stand-alone piece of plant, or is it one of a duty-standby pair? Is it part of a batch 

manufacturing process or a continuous production process? What is the impact of failure of 

this item of machinery on the remainder of the production process? The operating context has 

enormous influence over the choice of appropriate machinery maintenance strategies for any 

asset.  

Overall Machinery Effectiveness - a term initially coined in connection with Total 

Productive Maintenance. It provides a measure of overall asset productivity. Is generally 

expressed as a percentage, and can be calculated by multiplying Availability by Utilization by 

Operational Efficiency by Quality Rate.  

Overhaul - a comprehensive examination and restoration of an asset to an acceptable 

condition.  

Planned Maintenance - any maintenance activity for which a pre-determined job procedure 

has been documented, for which all labor, materials, tools, and machinery required to carry 

out the task have been estimated, and their availability assured before commencement of the 

task.  

Potential Failure - a term used in Reliability Centered Maintenance. It is an identifiable 

condition which indicates that a functional failure is either about to occur, or in the process of 

occurring.  

Predictive Maintenance - An machinery maintenance strategy based on measuring the 

condition of machinery in order to assess whether it will fail during some future period, and 

then taking appropriate action to avoid the consequences of that failure. The condition of 

machinery could be monitored using Condition Monitoring, Statistical Process Control 

techniques, by monitoring machinery performance, or through the use of the Human Senses. 

The terms Condition Based Maintenance, On-Condition Maintenance and Predictive 

Maintenance can be used interchangeably.  

Preventive Maintenance – It is a machinery maintenance strategy based on replacing, 

overhauling or remanufacturing an item at a fixed interval, regardless of its condition at the 
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time. Scheduled Restoration tasks and Scheduled Discard tasks are both examples of 

Preventive Maintenance tasks.  

Proactive Maintenance - Any tasks used to predict or prevent machinery failures.  

Reliability - the capability of an asset to continue to perform its intended functions. Normally 

measured by Mean Time Between Failures  

Reliability, Availability, and Maintainability - RAM modeling can simulate the 

configuration, operation, failure, repair and maintenance of machinery. The inputs to RAM 

modeling will include the physical components and maintenance schedules in a system and 

the outputs can determine how productive the system can be over the plant life. RAM studies 

will generate sufficient data to base decisions for possible systems changes that may increase 

system efficiency and hence project profits.  

Reliability Centered Maintenance - A structured process, originally developed in the airline 

industry, but now commonly used in all industries to determine the machinery maintenance 

strategies required for any physical asset to ensure that it continues to fulfill its intended 

functions in its present operating context. A number of books have been written on the 

subject, but none better than Moubray's book, RCM II.  

Reliability Engineering - - a staff function whose prime responsibility is to ensure that 

maintenance techniques are effective, that machinery is designed and modified to improve 

maintainability, that ongoing maintenance technical problems are investigated, and 

appropriate corrective and improvement actions are taken. Used interchangeably with Plant 

Engineering and Maintenance Engineering.  

Run-to-Failure - No Scheduled Maintenance - a Machinery Maintenance Strategy, where no 

routine maintenance tasks are performed on the machinery. The only maintenance performed 

on the machinery is Corrective Maintenance, and then only after the machinery has suffered a 

failure. This is also described as a No Scheduled Maintenance strategy.  

Scheduled Maintenance – implies any maintenance work that has been planned and 

included on an approved Maintenance Schedule.  

Shutdown - that period of time when machinery is out of service.  
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Shutdown Maintenance - Maintenance that can only be performed while machinery is 

shutdown  

Terotechnology - the application of managerial, financial, engineering and other skills to 

extend the operational life of, and increase the efficiency of, machinery and machinery.  

Thermography - the process of monitoring the condition of machinery through the 

measurement and analysis of heat. Typically conducted through the use of infra-red cameras 

and associated software. Commonly used for monitoring the condition of high voltage 

insulators and electrical connections, as well as for monitoring the condition of refractory in 

furnaces and boilers, amongst other applications.  

Total Asset Management - an integrated approach to Asset Management which incorporates 

elements such as Reliability Centered Maintenance, Total Productive Maintenance, Design 

for Maintainability, Design for Reliability, Value Engineering, Life Cycle Costing, 

Probabilistic Risk Assessment and others, to arrive at the optimum Cost-Benefit-Risk asset 

solution to meet any given production requirements.  

Tribology - the process of monitoring the condition of machinery through the analysis of 

properties of its lubricating and other oils. This is typically conducted through the 

measurement of particulates in the oil, or the measurement of the chemical composition of 

the oil (Spectrographic Oil Analysis). Commonly used for monitoring the condition of large 

gearboxes, engines and transformers, amongst other applications.  

Total Productive Maintenance – It is a company-wide machinery management program, 

with its origins in Japan, emphasizing production operator involvement in machinery 

maintenance, and continuous improvement approaches. Numerous books have been written 

on the subject, including Nakajima's authoritative introduction, and a more recent Western 

hemisphere update by Wilmot.  

Unscheduled Maintenance denotes any maintenance work that has not been included on an 

approved Maintenance Schedule prior to its commencement.  

Useful Life – is the maximum length of time that a component can be left in service, before it 

will start to experience a rapidly increasing probability of failure. The Useful Life determines 

the frequency with which a Scheduled Restoration or a Scheduled Discard task should be 
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performed. The concept of the Useful Life of a component to hold true, components must, at 

some consistent point in time, experience a rapidly increasing probability of failure. Research 

in the airline industry showed that, in this industry at least, this was only true for 11% of the 

components in modern aircraft.  

Vibration Analysis - - the process of monitoring the condition of machinery, and the 

diagnosis of faults in machinery through the measurement and analysis of vibration within 

that machinery, typically conducted through hand-held or permanently positioned 

accelerometers placed on key measurement points on the machinery. It is commonly used on 

most large items of rotating machinery, such as turbines, centrifugal pumps, motors, 

gearboxes etc.  
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