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Q1

Q2

(a)

(b)

(c)

(a)

BFC 44602

Engineering economy involves a systematic evaluation of the economic merits
of proposed solutions to engineering problems. Consider yourself as an engineer,
give an example of situation that requires economic judgement in construction
project by systematically applying the SEVEN (7) decision making process of
engineering economy.

(14 marks)

There are a variety of costs to be considered in an engineering economic analysis.
These costs differ in their frequency of occurrence, relative magnitude, and
degree of impact on the study. Explain any FOUR (4) type of costs associated
with products or services in construction activities.

(4 marks)

Last year, your company, classified as a G1 contractor, invested RM 500,000 in
construction machinery with a life cycle of approximately five years. Typically,
the company opts to replace machinery after this period to minimize operational
and maintenance costs. The annual depreciation rates are detailed in Table Q1.
Please select ONE (1) year within the machinery's life span for resale and
calculate the sunk cost for that year.

(7 marks)
Table Q1.1 Percent of Depreciation Value and Sold Price
Year | Percent of Depreciation Value (per vear) Sold Price (RM)
2 6% 210000
3 8% ‘ 195000
-+ 10% 175000
3 12% 150000

In 2024, your company has been selected to design and construct a new residential
building in a growing area of the city. The building will have 20 floors and will
house 200 apartments. The previous residential building that your company
constructed in the same area had 10 floors and housed 100 apartments which costed
RM700,000. The cost index was 120 in 2018 and is projected to be 130 in 2024,
The cost capacity factor for a similar building is 0.9. You are required to improve
the earthwork and it will cost RM 31,000. Your company has been tasked with
improving the energy efficiency of the building by incorporating sustainable design
elements. This will cost an additional RM 50,000, but the investment will pay off in
the long run with lower energy bills for the residents.
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Q3

(b)

(a)

For the external works, your company has decided to partner with a reputable
construction firm, Greenway Construction. They have completed similar projects in
the area within two years with high levels of customer satisfaction. Greenway
Construction has a 95% learning curve and is expected to reduce labor requirements.
In their previous project, they completed the external works in 500 hours. For this
project, external works labor will be charged to your company at RM 70 per hour
and materials will cost RM 500,000.

(1) Calculate the associated cost with constructing the new building.
(6 marks)

(i1)  Calculate the required labor time and cost for the external earthwork.
(3 marks)

(iii)  Compute the overall projected expenditure for new residential building in
2024,
(4 marks)

Your company has appointed you to manage a project involving the construction of
a two-floor office building, each floor measuring 15,000 gross square feet. As the
project manager, you are responsible for coordinating all project efforts from the
initial decision to proceed with the design and construction of the building through
to its initial occupancy. Develop the first three levels of a planning diagram,
incorporating 15 work activities, including main tasks and sub-tasks.

(12 marks)

An Excavation Contractor purchased a bulldozer four years ago for RM70.000
estimating that it would have an economic life of 8 years with no salvage value.
Present salvage value (book value) of the existing machine is RM10,000. Out-of-
pocket disbursements for operation and maintenance are about RM20,000 per year,
and mn addition because of repeated breakdowns, the company has had to rent
another bulldozer for 45 days each year at RMS00 per day.

The company is planning to buy a new bulldozer at a cost of RMS80.000. The
economic life of the new bulldozer is 5 years with no salvage value. Operation and
maintenance costs for the new machine would be the same as the old machine. The
purchase of a new machine would eliminate the need for renting a bulldozer for 4
years necessitating the rental of an extra bulldozer only on the 5% year.

4 CONFIDENTIAL
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Q4

(b)

(a)

(b)

(i) Determine the value for both of the bulldozer if a MARR is 10% per year
using the proper cash flow diagram.
(10 marks)

(i1) Justify if the machine should be replaced or not. Give your reason.
(5 marks)

Ali is planning for an education fund for his new born daughter. He is only able to
invest in a fixed saving account starting on her fourth birthday. He planned to
withdraw RM4000 a year on her 18%, 19%, 20% and 21% birthday, make the total of
RM16000 for her college funding. Assume bank interest is 5%. Draw the cash flow
diagram for the above scenario. Considering Ali will deposit consistent amount of
money every year, calculate his annual investment starting from her 4% birthday
until her 17™ birthday to make sure his plan success.

(10 marks)

SNS Corporation is considering a new project to construct new railway sand
managing the High-Speed Rail (HSR) trains from Kuala Lumpur station to
Singapore. The land acquisition is estimated to be RM62 million. Construction cost
for the railways and other facilities including the high-speed trains is expected to be
RM208 million with an additional annual maintenance cost of RM22 million.
Finally, the projected increase in public transport travelers will require an additional
railways traffic controller costing RM20 millions with an annual cost of RMS
million. Annual benefits of the railways have been estimated as in Table Q4.1.
Apply the B-C ratio method for both conventional and modified cases using PW
and AW methods with the study period of 20 yzars and a MARR of 12% per year
to determine whether the SNS Corporation should proceed with the HSR project.

(10 marks)
Table Q4.1 Annual benefits of the railways
Descriptions RM (million)
Tickets collected 36
Rental of shop lots receipts from entrepreneurs 16
Parking lots charges to visitors 14
Convenience benefit to the local community 16
Additional tourism income to the state of Johor 12

The state government of Johor is planning to build a new dam for hydroelectric.
Instead of generating power, the dam also will be equipped with tourism facility
and flood control. The government identified three suitable locations X. Y and
Z. The estimated benefits and costs that are expected to be derived from the three
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locations under consideration are shown in Table Q4.2. The interest rate is 6%
and the life span of each project is 40 years. Calculate the benefits and disbenefits
for each project using present worth (PW) method and propose the justifiable
project based on the benefit cost analysis.

(15 marks)
Table Q4.2 benefits and costs
Cost and benefit (RM Million) project
X Y Z
Initial cost 150 175 215
Power sales per year 1.9 1.5 2.1
Flood control saving per year 2.3 3.5 5.5
Irrigation benefit per year 8.1 B 7
Recreation benefit per year 5.2 15 3.5
Environmental impact per year 5.2 2 3.5
Operation and maintenance cost per year 15 2 2.2
—END OF QUESTIONS -
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APPENDIX A

5%

Compound Interest Factors

5%

Single Payment Uniform Payment Series * Arithmetic Gradient
Compound Present Sinking Capital Compound fresent | Gradient Gradient
Amount Worth Fund Recovery Amount Worth Uniform Present
Factor Factor Factor Factor Factor Factor ‘ Series Worth
Find f Find P Find A Find A Find F Find? | Find4 Find P
Given P Given F Given F Given P Given A Given A | Given G Civen G
n F/p P/F A/F AP F/A P/A l A/G P/G n
1 1.050 0524 1.0000 10500 1.000 0.952 | 4] 0 1
2 1.102 070 ABRT8 S378 2.050 1.859 0488 0.907 2
3 1.158 8638 312 3672 3.152 2733 ’ 0.967 2.635 3
4 1.216 8227 2320 2820 4310 3.546 ‘ 1.439 5.103 4
-] 1.276 (7835 A0 2310 5.526 4.329' | 1.902 8.237 5
6 1.340 7462 1470 1970 6.802 5076 | 235 11,968 6
7 1.407 7107 1228 1738 3,142 5786 | 2805 16.232 7
8 1.477 L6768 1047 1547 9.529 6463 | 24 20.970 8
9 1.55] L6446 A907 1407 11.027 7.108 | 3.676 26.127 9
10 1.629 6139 0795 1295 12.578 T1.322 ' 4.000 31.652 10
11 1.710 SR47 704 L1204 14.207 8.306 | 4514 37499 11
12 1.796 A3638 1628 128 15917 K.B63 | 4933 43.624 12
13 1 .886 S303 0563 1065 17.713 0304 | 3321 49 988 13
14 1.980 5051 U510 1010 10,599 0 RYu J 5713 56.552 14
15 2.079 A810 AM63 11963 21.579 10,380 (.007 63,288 15
16 2.183 4381 0423 0923 23.657 10,838 6.474 70.159 16
17 2.292 4363 {0387 {887 25.840 11.274 6.842 77.140 17
18 2.407 AlL85 {1355 B35 28.132 1 1.690 7.203 84.204 18
19 2527 3957 0327 0827 20.539 12085 | 2 91.327 19
20 2.653 3769 0302 D802 33.066 12462 | 3 98488 20
21 2.786 3589 (280 780 35.719 12.821 T 8.242 105.667 21
22 2935 AR (1260) L7610 AR.505 13.163 R.573 112.846 22
23 3.072 A256 0241 0741 41,430 13,489 8.897 120,008 23
24 3.225 3101 (1225 0725 44502 13.799 9214 127. 140 24
25 3.386 2953 A210 0710 47.727 14,094 | 9.524 134.227 25
26 3.556 i il N196 696 51113 14.375 9.827 141.258 26
27 3.933 2678 0183 (683 34.660 14643 0.122 148.222 27
28 3.920 2551 0171 A671 38402 4898 | 10411 155.110 28
2y 4.116 2429 A60 0660 62.323 15.141 | 10.694 161.912 29
30 4.322 2314 151 0651 06,439 13372 | 10,969 168.622 a0
31 4538 2304 0141 641 70.761 15.593 | 11.238 173.233 31
32 1.765 2099 0133 (1633 75.290 15,803 } 11.501 181.739 32
32 5.003 19949 D125 1625 80003 16.003 11.757 88133 33
M 5233 L1904 0118 618 §3.067 16.193 12.006 194,416 34
35 5.516 1813 D111 D611 90.320 16,27, 12,250 200,580 3x
40 7.040 1420 828 583 120.799 17.159 13.377 229 545 10
45 8.UK5 A113 00626 0563 139.099 17.774 14,364 255314 S
50 11.467 0872 00478 1548 309.347 L8256 15.223 277914 5]
55 14.6306 683 D0367 0537 272711 18.633 15.966 297.510 55
60 I8.679 0533 L0283 L0528 353.582 18.9249 | 6.606 314,343 ol
63 23,840 A419 00219 0522 456.795 [9.161 17.154 328.091 05
70 426 0329 0170 0517 588.525 19.343 17.621 LETERE R 70
75 38.832 4258 00132 H513 736.629 19 485 13.018 351.072 75
30 49,561 202 LONT03 0510 971.222 19.596 18.353 359.040 St
83 n3.254 0158 L0080 D508 1245.1 19.684 18.635 366,800 83
90 80,730 0124 00063 0506 | 394.6 19,752 18.871 372,749 90
95 103.034 U7 000a9 L5058 2(40.7 19.806 190064 377.677 95
1T 131500 00760 00038 0504 Zelon I8 19.234 381749 100
6 CONFIDENTIAL
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Compound Interest Factors

6%

Single Payment Uniform Payment Series Arithmetic Gradient

Compound Prasent Sinking Capital Compound Presant Gradient Gradient

Amount Worth Fund Recovery Amount Worth Unifarm Present

Factor Factor Factor Factor Factor Factor Series Worth

Find F Find P Find A Find A Find F Find P Find A Find P

Given P Given F Given F Given P Given A Given A Given G Given G
n F/P P/F A/F AP F/A P/A A/G P/G n
1 1.060 0434 1.0000 1.0600 1.000 (01.943 0 0 1
2 1.124 HO00) 4854 5454 2,060 1,833 01485 0.890 2
3 1.191 8396 I 3741 3184 2673 0,951 2.569 2
4 1.262 7921 L2286 2886 4.375 34465 1.427 <+ 945 4
5] 1.338 7473 1774 2374 3.637 4. 312 1.8843 7934 3
6 1.419 L7050 L1434 L2034 6.975 4.917 2.330 11.459 6
7 1.504 H651 1191 1791 8394 3582 2,768 15450 3
8 1.504 6274 1010 610 9.897 6210 3.195 19.841 8
9 1.689 54919 0870 1470 11.491 6.802 3613 23.577 9
10 1.791 3384 0759 1359 13.18] 7.300) 4.022 29.602 10
11 1.898 5268 D668 1268 11.972 7.887 4421 34 870 11
12 2.012 4970 0593 Ji193 168710 K384 4511 40,337 12
13 2133 A6EH 0330 1130 IR.BR2 H.853 5.192 45963 13
14 2.261 4423 (476 1076 21.015 9.295 3.564 51.713 14
15 2.397 A173 0430 1030 23.276 9.712 5.926 57.554 15
16 2.540 3930 1390 0991 35.672 10,106 6.279 63.450 16
17 2.693 3714 0354 854 28.213 10,477 6,624 69201 17
18 2.854 L5035 £324 A4 30,906 10.828 (.960 73.357 18
19 3.026 3305 (1296 846 33,760 11,158 7.287 K1.306 19
20 3.207 3118 0272 (872 36.786 11.470 7.605 §7.230) 20
21 3400 2042 L0250 0850 39.093 11.764 7.015 Y3113 21
22 3.604 oy 7 i 0230 JOR30) 43.392 12.042 8217 98.94] 22
23 3.820 2618 0213 D813 46.996 12.303 8510 104 700 23
24 +.049 2470 AN97 07497 SOLB15 12,850 8.795 110381 24
23 4.292 2330 0182 782 54.864 12,783 9.072 115.973 25
26 4.549 219y 0169 0768 39.156 12003 U3l 1214068 26
27 4.822 2074 0157 0757 63.706 13211 9.603 126 86t 27
28 5.112 1956 0146 736 6OR.528 13406 9.857 132.142 28
29 5418 826 0136 736 T3040 13.591] 10.103 137300 29
30 5,743 1741 0126 0726 79.058 13.765 10.342 142 350 30
31 6.088 643 RO 0718 B4.801 13.929 11.574 147 286 31
32 6,453 S50 urio 0710 90 890 14054 10,799 132,000 32
33 6.541 462 0103 {703 97.343 14.230) 11.017 156.768 a3
34 7.251 1379 00950 6496 104,184 14.368 11228 161.319 34
35 7.686 1301 L0897 (1690 111435 14,498 11432 165,743 35
40 10.286 naz2 00616 0663 154.762 15.046 12:359 185937 40
45 13.765 0727 ANH470 L0647 212.743 15456 13.141 205,109 45
0 18.420 0543 00344 634 J0{1.335 15.762 13,796 I17.A57 30
335 24 430 0406 00254 0625 394171 [5.99] 14.341 228,322 55
al) 32,988 0303 LOT8E A6 1Y 533.126 16.161 14.79] 239,043 6l
65 44,143 JI227 L0139 RIGY R 719.080 16,280 13,160 246,945 63
T0 39.076 0160 N103 610 967,028 16.385 15461 253327 70
75 79.057 0126 00077 608 M0 16,4306 15 706 258453 75
sn 103.796 AP ER (MHIS7 (NETHT4) | 746.6 | 500 13.903 262549 S0
85 141.578 = 007006 K043 0604 2333.0 16,549 _“L”l‘i 263810 35
90 189.464 0528 L0032 U603 31411 16,570 16,189 268 305 L]
93 253545 [ RDE 00024 0602 4209.1 16.0601 16.290 270,437 95
100 339300 00205 | 00018 0602 56383 16618 [ 16571 272047 190
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10%

Compound Interest Factors

10%

Single Payment Uniform Payment Series Arithmetic Gradient

Compound Present | Sinking Capital Compound Present Gradient Gradient

Amount Worth | Fund Recovery Amount Worth Uniform Present

Factor Factor | Factor Factor Factor Factor Seres Worth
Find F Find P Find A Find A Find F Find P Find A Find P
Given P GivenF | Given F Given P Given A Given A Given G Given G
n F/P P/F | A/F A/P F/A P/A A/G P/G n

1 1.100 9091 I 1.0000 1.1000 1.0 0).909 0 0 1
2 L1210 K264 | 4762 5762 2,100 1.736 0476 .826 2
3 1.331 J513 | 3021 4021 3310 2487 0.937 2.339 3
4 1.464 H830 | 2153 3155 4.641 3.170 1.381 4.378 4
5 1611 6209 | 1638 2638 6.103 3.791 1.810 6.862 3
6 1772 5645 | 1296 2296 7.716 4355 2.224 9.684 6
) 1.949 2132 | 1058 2054 0487 4 868 2.622 12.763 b §
8 214 4063 | 0874 874 11.436 5.335 300 16,029 8
9 2.358 241 0736 A736 13.579 5.759 2372 19.421 Y
10 2.504 R3S 627 4627 13.937 6.145 3725 22,8491 10
11 2.853 L3503 ‘ 0540 1540 18.531 6495 4 064 26396 11
12 3.138 3186 ; 468 B E it 21.384 h814 4.38% 29,901 12
13 3452 2897 | 0408 BE L 24.523 7.103 4.699 33377 12
14 3797 2633 | 0357 1357 27.975 7.367 4.996 36.801 14
I 1177 2394 D315 1315 31772 7.606 327 4).152 15
16 4.595 2176 | 0278 278 33.930 7.824 5.349 43416 16
17 5084 1978 | 0047 A247 40.545 8022 3.8U7 46,582 17
18 3.560 1799 i 0219 4219 45.599 %201 6.053 49,640 18
19 6116 635 0195 J 1S 51.159 N 365 6.286 52.583 19
20 6.728 Jdd86 | 0178 117 57.275 8.314 6.50% 35,407 20
21 7.4K) 1351 0136 156 64,003 8.649 6.719 S8.110 21
22 5.140 228 | 0140 A 10 71.403 8.772 6.919 060.689 22
23 8.954 A7 1 0126 126 79.543 8.883 7.108 G3.146 23
24 9. 850 A01s | L0113 AL 88,197 8.985 7.288 65.481 24
25 10.835 23 L0102 g0z UR.347 “ﬂ". | 7458 h7.696 25
26 11918 {39 M6 042 109,182 9.161 T.619 (9.794 26
27 3110 (763 (N82A 083 121100 9.237 1.7%0Q 7TLTT7 27
28 14.421 .0pu3 00743 073 134.210 9,307 7914 73.630 28
29 13,8063 630 0673 067 148.631 9.370 Sy 75415 29
30 17.449 0573 D0a08 1061 164494 9427 X.176 77.077 30
31 19.194 0521 05350 053 151.944 9,479 8.296 75.640 i1
32 21,114 0474 | 00497 050 201 13% v 526 K409 RO, 108 32
33 23.295 {0431 004350 A5 I3 .250 9.569 %513 $1.486 a3
34 25.548 0301 00407 04 245.477 9.609 R.615 82.777 KE ]
s 28,102 0356 | 00369 J037 27T.025 9.644 8.709 83.987 as
4 45.259 0221 I 00226 1023 442,593 V.779 9.096 8R.U53 40
43 72.891 0137 00138 014 TI8.905 9.863 9.374 92,454 43
S0 117.391 (0852 f L0086 009 11639 9.915 Q.570 01 889 30
35 189,039 00529 | L0053 1003 I 880).6 0.947 Q.708 06.562 58
60 (4382 0328 | 00033 003 3034.8 9.u67 9.802 97.701 ol
65 490,371 00204 | 00020 002 48937 0.980 9.867 O8.471 65
70 TRO.T748 Q0127 L0013 001 T887.5 9.987 991l H8.987 70
75 271.9 00079 OD0E 001 127090 9 992 9.94]1 94,332 75
50 2048.4 00049 (KNS L1000 204740 9 995 Y961 29.561 80
85 32990 00030 | 00003 A000 339797 9997 | 9974 w712 83
90 5313.0 0001y : JHNI02 000 531203 9.998 2.983 99.812 90
Ys 8556.7 00012 | -Doan] 1000 35556.9 Y 999 9,989 99.877 9s
100 13 780.6 L0007 | .ooo0] 1000 137790.3 9.999 9,943 99,920 100
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12%

Compound Interest Factors

12%

Single Payment Uniform Payment Series Arithmetic Gradient
Compound Present Sinking Capital Compound Present Gradient Gradient
Amount Waorth Fund Recovery Amount Waorth Uniform Prasent
Factor Factor Factor Factor Factor Factor Series Worth
Find F Find P Find A Find A Find F Find P Find A Find P
Given P Given F Given F Given P Given A Given A Given G Given G
n F/P P/F A/F AP F/A P/A A/G P/G n
1 1.120 8929 1.0000 1.1200 1.000 (.893 ‘ 4] 0 1
2 1.254 W L 4717 A917 2120 L.690 | 0.472 0.797 3
3 1.4053 118 2963 4163 3374 2402 | (1.9235 | 3
4 1.574 HA3S 2092 3292 4.779 3037 | 1.359 $.127 4
3 1.762 53674 L1574 2774 6.353 3605 | L775 6.397 3
6 1.974 5060 123 2432 8.115 &1 | zum 8.930 6
7 2911 4523 {wo| 2191 10.089 4.564 2551 11.644 rs
b 2476 430 0813 24013 12.300 3.968 2913 14471 b
9 2773 L3000 0677 J8TT 14.7760 5.328 3.257 17.356 9
10 3.106 3210 0570 770 17.549 5.650 3.585 20.254 10
il 3479 2875 AHB8Y 1684 20.655 5.938 3.8G5 33,1729 11
12 3.896 2567 413 Jd6l4 24,132 6192 4,160 25952 12
13 4.362 2292 0357 JA387 28.029 6G.424 | 4.468 28.702 13
14 4.887 206 D309 50y 32.393 6.628 | 3732 31.362 14
15 5474 1827 0268 1468 37.280 6811 | 1.9%) 33,920 15
16 6,130 1631 0234 1434 42.753 (UT72 5215 36.367 16
17 f1.866 1450 0205 BB 48,884 7020 | 5435 38.697 17
15 7.690 L1300 0179 379 55.730 7.250 5.642 40908 18
19 8613 16l 0138 L1358 63.440 7.366 5838 2.998 19
20 9 J037 | 0139 L1339 72.052 7409 | 0020 4868 0
21 10,504 ON26 0122 JA322 81.699 7.562 ! 6.191 J6.819 21
22 12,100 0826 0108 1308 v2.503 7.645 | 0.351 48.354 22
23 3552 0738 00836 1296 104.603, 7718 | 6.501 23
24 15.179 .N639 L8406 1285 118135 7.784 6.04] 24
25 17.000 D588 00730 275 133.334 7.843 | 6.771 25
26 19040 M52 00665 U267 150.334 7.896 | G.B92 26
.74 21.325 dan 003910 1259 169.374 7.943 | 7005 27
28 23.884 400 00324 1253 190,699 7084 ‘ 7.110 28
29 0374 UL 1247 214.583 §.022 7.207 29
30 0334 0044 4241 241.333 8,035 | 7.297 20
31 {208 00369 A237 271.295 B.085 7.351 39.676 31
32 0260 0328 4233 304,848 8. 113 ‘ 7.459 6(L30] 32
33 0238 00292 1239 342429 8.135 7.330 61.261 33
34 A2 00260 1226 384.521 8.157 7.596 61.961 KE)
3 0189 00232 203 431.663 8.176 7.658 62.603 is
40 0107 00130 J213 T67.09] 8.4 63116 40
43 3 00610 00074 1207 13358.2 R.283 66.734 45
30 289.002 00346 K042 204 2400.0 8.304 67.762 30
55 509,321 O01ve 0024 4202 42360 8317 68,408 55
-6 897.597 L0111 | L0013 o 7471.0 8 68810 00
63 13819 D063 0008 L1201 13173.9 5.328 69058 H3
70 2787.8 00026 L0004 1200 233233 8.330 69210 70
75 4913.1 00020 00002 1200 409338 R.332 69,303 75
80 R658.5 00012 00001 12600 72 145.7 ®.332 69.359 50
83 152592 00007 00001 4240 127151.7 8.333 £©9.393 85
90 263010 REE(E! L1200 224001 ) ®.333 69.414 91
93 473925 00002 1200 304931 4 K333 (V.426 95
_—J8g  83Sp.5 ool | 1200 6960105 5.333 09434 100
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15%

Compound Interest Factors

15%

Single Payment ! Uniform Payment Series Arithmetic Gradient

Compound Present Sinking Capital Compound Present Gradient Gradient

Amount Worth Fund Recovery Amount Worth Uniform Present

Factor Factor | Factor Factor Factor Factor Series Worth
Find F Find P l Find A Find A Find F Find F Find A Find 2
Given P Given F ' Given F Given P Given A Given A Given G Given G
n F/P P/F A/F AP F/A P/A /G P/G n
1 1.150 86496 1.0000 1.1500 1.000 0.870 n 0 1
2 1.322 7361 4631 6151 2.150 0.465 0.756 2
3 [.32] 6575 J2R80 A380 3472 0.907 207 3
4 1.749 ST18 23103 3503 4.903 1.326 3786 4
5 2011 4972 1483 2985 6.742 [.723 5.775 -1
6 2313 4323 1142 2642 8.734 2.007 7.937 6
7 2 66l 3759 | 80 24 11.067 2450 10.192 T
8 3.059 3269 | 0729 2029 13.727 2781 12.481 8
9 3518 2843 | nsun L2096 16.786 3002 14,755 9
10 446 2472 | 0493 1993 20.304 3.383 16.979 1
11 1632 2199 | o411 1911 24,349 3635 19,120 11
12 3.350 JReY | 0345 845 20,02 3808 21185 12
13 6.153 J625 | 0291 7491 34,332 4144 23,133 13
14 7.076 1413 | .0247 747 40.505 4.362 24973 14
15 B.137 L1229 0210 U710 47.580 4.565 20,693 15
16 9.358 1069 [ 0179 1679 4.752 28.206 16
17 10.761 LG22y (154 L1654 4.925 240,783 17
18 12,375 80K 0132 1632 75.836 3084 3L156 18
19 14.232 | g 4613 RR.212 6,198 5.231 32,421 19
2 16.367 A6l 00976 1598 102,44 6,239 3.363 33.582 20
21 18.822 5310 | U082 1584 1IR.B10 6312 5.48% H.oeds 21
22 21.645 462 | 00727 0 E i 137.632 6359 5.601 35.6015 22
23 24 89| 042 | 00n28 1363 159.276 6.399 3,704 36499 23
24 28.625 0340 | (Hi333 (1554 184168 (434 5.798 + 37.302 24
25 31919 Q504 I_ AH470 1547 212,793 fr.464 5.883 38.031 25
26 37.857 L1264 00407 1541 0.49] 5.961 38,692 26
7 43.535 0230 | 00333 535 283560 h514 H 032 39.289 2

28 0,066 (02(m) 0306 1531 327104 6534 i (K6 39 825 28
29 57.575 M4 | 00263 JA327 377170 (.531 6.134 J0.215 2y
30 66.212 ST | K230 1523 434745 (566 6,207 40.753 30
3 76.144 0131 | 00200 L1520 306,957 6.579 6.254 41147 31
32 R7.563 0113 | 00173 5817 377.100 6.391 6.297 41.5M =7
33 104,700 099 3 ; 0150 J515 664,600 .00 6.336 41.818 33
34 115.805 L0864 X131 4515 7635.365 6.009 6.5371 42,103 34
a5 133,176 H07T31 | 00113 511 881,170 6.617 402 42.359 35
40 267 862 0373 } 056 150 1779.1 642 6517 43283 40
15 338.769 D0186 | 00028 503 35851 6034 6.5383 43.803 45
50 1 083.7 ueon2 ‘ 14 501 72177 1.601 6.620 44096 30
35 2179.6 00046 0o00n7 501 14524.1 0,064 6.64 1 +1.256 55
60 43840 L0223 | 0003 500 192700 6.665 6.653 44.343 60
0n3 NK17.8 00011 l (0002 300 58778.6 (.666 6.659 14,300 63
70 1TE35F 00006 | 0DUDI 1500 118231.5 0H.660 663 4416 70
75 356729 0003 | 800 237812.5 f.6066 fh.663 44.429 75
80 717509 00001 1500 3783326 0.0667 0,666 42,4306 S0
85 144 316.7 01 500 962 1.4 H.667 0.660 da.d40 83
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APPENDIX B

LIST OF FORMULA

p(l+1)"
Cr= Cix (L/Ix)
Zy =K(u")
n =logs/log2
W1 {(CnifCi2) + W2 (Cra/Cr2) + W... (Cy.../Ck..)
Ip = -- EEES— mmmmmem e X

(PSR N5

>

h

6. Conventional B-C ratio with PW
B-C=PW(B)+ [(I-PW({MV))+PW(O&M)]

7. Modified B-C ratio with PW

B-C = [PW(B) - PW(O&M)] = [ I - PW(MV)]
Conventional B-C ratio with AW

B-C = AW(B)+ [CR + AW(0O&M)]

9. Modified B-C ratio with AW
B-C =[AW(B) - AW(O&M)] + CR
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