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Q1

(a)

(b)

Titan company in Johor is planning to send all its engineers to attend a technical
workshop in Kuala Lumpur. The duration of the trip will be 2 days and 1 night.
Table Q1.1 shows the necessary expenses for the trip.

Table Q1.1 Cost of the workshop trip.

Bus rental RM 250 per day
Accommodation RM 100 per twin sharing room
Food and beverages RM 50 per person
Taxi fare (one way) RM 30 per person
(i) Establish an equation to estimate the total expenses for the trip. You may

provide any logically appropriate assumption (if required).
(5 marks)

(ii)  If the bus capacity is 40 seats and the organizer offers a package of RM
200 per person for the trip. Calculate the maximum profit that the
company could gain.

(5 marks)

(iii)  The company decided to cancel the trip if the trip is unprofitable. In this
case, calculate the minimum number of packages that need to be sold to
ensure the trip can proceed as planned.

(5 marks)

Titan Sdn. Bhd is a contractor company specialised in bridge construction. The
company has been offered two projects to construct a bridge at two different
locations. However, based on the company's capability, the company can only
accept one project at a time. To make the decision, cost estimation has to be made.
Table Q1.2 shows the cost factors for both projects.

Table Q1.2
Cost Factors Project A Project B
Concrete beams and columns needed | 6 beams, 8 beams,
12 columns 16 columns
Equipment rental (per month) RM1000 RM2500
Site investigation RM40636 RM30848
Labour cost:
(i) Design engineer RM 150 per hour | RM 130 per hour
(i1) Field/construction engineer RM 100 per hour | RM 90 per hour
2 CONFIDENTIAL
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Q2

(a)

(b)

(c)

Total of 12 months are required for design and construction phase, with 6
working days per week and 8 working hours per day. The volume for each beam
and column are 500m’® and 314m* respectively. The cost of concrete is RM65
per unit volume. Evaluate the best project based on total project cost with suitable

justification
(10 marks)

Cost estimation in a construction project is a complex and critical task that
requires a various approaches and methods to ensure accuracy and reliability.
Discuss the top-down and bottom-up approaches in cost estimation.

(8 marks)

Cost and revenue estimates can be classified according to detail, accuracy, and
their intended use. Describe the following:

(1) Rough estimation
(2 marks)

(ii)  Detailed estimation
(2 marks)

You are managing a civil engineering construction project that involves
assembling pre-fabricated structural components. You have observed that as the
construction crew gain experience, the time required to assemble the following
unit is reduced. The time it took to assemble the first component was 90 minutes.
The learning curve is 90%, meaning that as output is doubles, the time per unit is
reduced by 10%. Consider working hours per day is 10 hours (2 hours overtime
included).

(1)  Calculate the estimated time required to assemble the Sth structural

component for the construction project.
(3 marks)

(i) Based on the cumulative average assembly time for the first 5
components, calculate the number of components that can be assembled
in a day.

(6 marks)

(i11)  From your result in Q2(c)(ii), calculate the actual amount of overtime (in

minutes).
(4 marks)
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Q3

Q4

(a)

(b)

(a)

A robot will be purchased for RM18,000. It will cost RM2,500 per year to operate
and maintain for 6 years. The robot also requires an overhaul at the end of year
4, costing RM5,000. At the end of year 6, it will be donated to Metro School of
Engineering. The donation will save RM2000 in taxes. Draw the cash flow
diagram.

(5 marks)

A new engineer plans on depositing RM500 per month in an account that pays
6% annual interest with monthly compounding to buy a car next years.

1) Calculate the down payment for a car, accumulated after a year by the

engineer.
(3 marks)

(it)  If he targeted RM7,000 for the down payment, calculate the monthly
deposit.
(2 marks)

Bersih Environmental Services is evaluating two alternative methods for the
disposing of municipal waste. The first involves developing a landfill site near
the city. Costs of the site include RM1,000,000 start-up costs, RM100,000
closedown costs 30 years from now, and operating costs of RM20,000 per year.
Starting in 10 years, it is expected that there will be revenues from user fees of
RM30,000 per year. The alternative is to ship the waste out of the region. An area
firm will agree to a long-term contract to dispose of the waste for RM 130,000 per
year.

(1) Which alternative is economically preferred for a MARR of 11% using
annual equivalent value.
(13 marks)

(i1) Based on Q3(c)(i), provide appropriate justification to defend your
opinion.
(2 marks)

A toll bridge across the Sungai Pahang is being considered to replace the current
bridge linking Maran to Chini. The B-C ratio method must be applied in the

evaluation. Investment costs of the structure are estimated to be RM17,500,00.
RM325,000 is expected to be spent annually on operations and maintenance. In
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(®)

addition, the bridge must be resurfaced every 5 years of its 30-year projected life
at a cost of RMI1,250,000 per occurrence. From this construction, the
administrators through the surrounding community will get revenue estimated at
RM23 Million. Assume there is no market value for the bridge at the end of 30
years and a MARR is 10% per year. Prepare a benefit-cost analysis to determine
whether the toll bridge should be constructed.

(9 marks)

Refer to Q4(a); suppose that the toll bridge can be redesigned for a more one-
time life. MARR remains at 10% per year. Table Q4.1 provides the revised costs
and expected revenues.

Table Q4.1
RM
Capital investment 22,500,000
Annual operating and maintenance costs 250,000
Resurface cost every 10 years 1,000,000
Structural repair cost in the 20" year 1,750,000
Revenue per year (treated as constant — no rate of increase) 3,000,000

(1) Compute the B-C ratio of the bridge within the specified time.
(8 marks)

(i)  Calculate and identify whether the new design is better than the initial
design in Q4(a).
(8 marks)

— END OF QUESTIONS —
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APPENDIX A
i wm e
Uniform-Series Payments
Compound Amount Prosent Worth Sinking Fund Compound Amount | Capital Recovery Presaent Worth Gredient Present | Gredient Annual

FiP PIF AF FIA AP P/A Worlh P/G Series AIG
1 1.0050 0.0050 1.00000 1.00000 1.00500 0.9950
2 1.0100 0.9601 0.49875 200500 0.50375 1.9851 0.9801 0.4985
] 1.0151 0.9851 0.33187 3.01502 0.23667 29702 2.5604 0.9987
4 1.0202 0.8B02 024813 4.03010 0.35313 3.9505 58011 1.4338
Gl 1.0253 0.6754 0.19001 505025 0.20301 4.9259 9.8026 1.9600
L 1.0304 D.B705 0.16460 6.07550 0.16960 5.8064 14,6552 24855
ki 1.0355 0.8657 0.14073 7.10588 0.14573 6.8621 20,4493 29801
8 1.0407 0.8609 0.12283 f14141 0.12783 7.8230 27,1755 34738
] 1.0459 0.0561 D.10891 018212 0.11391 R7791 34.8244 39658
10 1.0511 09513 0.09777 10.22803 0.10277 9.7304 43,3865 44589
1 1.0564 08466 0.08866 11.2717 0.09368 10.6770 52.8528 4.9501
12 1.0617 0.8419 0.08107 1233556 0.08607 11.6189 63.2138 £.4405
13 1.0670 09372 0.07484 13.39724 0.07964 12,5552 74.4602 59302
" 1.0723 0.9326 0.06814 14.46423 007114 13.4887 B6.5835 64130
15 1.07r7 0.9279 0.06436 15.63655 0.08936 14,4166 98.5743 6.9082
16 1.0831 04233 0.06019 16.61423 006519 15.3399 113.4238 7.3840
7 1.0885 08187 0.05851 17.68730 0.05151 16.2598 126.1231 7.6803
18 1.0939 08141 0.05323 18.78579 0.05823 17.1728 143.6634 8.3858
19 1.0994 0.8008 0.05030 19.67972 0.05530 18.0824 180.0360 £.8504
0 1.4D49 0.8051 0.04787 20.87912 0.05267 18.0874 177.2322 93342
21 1.1104 D.ooue 0.04528 2208401 0.05028 19,4880 1952434 aB172
2 1.1160 0.6861 0.04311 23.19443 0.04811 20,7841 2140611 10.2993
a 1.1215 0.6216 0.04113 24.31040 0.04613 21,6757 2336768 10.76806
4 11272 0.e872 0.03932 2543195 0.04432 2256529 254.0820 11.2611
28 1.1328 D.eg28 0.03785 26,5502 0.04285 23 4458 2752686 11.7407
26 11385 0.8784 0.03611 27.68181 04111 24.3240 2872281 12.21985
a1 1.1442 D.E740 0.034569 28.83037 0.03969 26.1950 319.9523 12,6975
28 1.1439 06697 0.03336 29.97452 0.03836 26.06877 3434332 13,1747
] 1.1556 0.8653 0.03213 3112438 0.03713 26.9330 367.8625 13.6510
30 11614 D.BE10 0.03028 3228002 0.03598 21.7941 3026324 14.1265
Ui 11867 08356 0.02542 39.33610 003042 32.8710 557.5598 16.9621
40 1.2208 08181 0.022585 4415835 0.02765 36.1722 681.3347 1B.8359
48 1.2705 n.7en 001849 54.09783 0.02349 42.5803 4589188 225437
a0 1.2832 0.7733 0.01785 56,64515 002265 44,1428 1035 GBEE 23.4624
52 1.2861 0.7716 0.01689 59.21803 0.02189 45,6897 1112.8162 24.3778
86 1.3158 D.7601 0.01584 6312577 0.02034 47.8814 1235.2686 25.7447
60 1.3489 07414 0.01433 69.77003 0.01833 517258 144B.6458 28.0064
72 14320 0.6983 0.01157 846.40835 0.01657 60.3385 2012.3478 333504
75 1.4538 0.6879 0.01102 90.72650 0.01602 62.4136 2163,1525 34,6579
L 1.5204 086577 0.00951 104 07393 001461 £8.4530 2640.6641 38,5763
%0 1.5666 06383 0.00883 113.31094 0.01383 72.3313 2976.0769 41,1451
% 16141 0.6185 Q.Los14 12282854 0.01314 76.0952 3324.1846 43,6825
100 1.6467 06073 0.00773 12833370 0.01273 TR.542 3562, 7034 48,3613
08 1.7137 05835 0.00701 14273990 0.01201 832934 40543747 4B.6758
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Single Payments Unlform-Series Payments. Uniform Gredian|
Compound Amount | Present Worth Sinking Fund Compound Amount | Capital Recovary Presenl Worth Gredient Presenl | Gradient Annual
Fip PiF AF FiA AP 73 werth PIG Sarles A/G

1 1.0600 0.8434 1.00000 1.00000 1.06000 0.9434

Z 11236 0.83c00 048544 206000 054544 1.8334 0.88G0 04834
4 11910 08386 031411 4.18360 037211 28730 25652 0861

4 1.2625 0.7921 022053 437462 0.28959 34651 49455 1.4272
5 1.3382 0.7473 0.17740 563703 0.23740 42124 7.8345 1.8836
e 1.4185 0.7080 014336 607632 0.20338 49173 11.4594 23304
7 15036 0EB51 012814 829384 017913 55624 154497 27676
8 1.5838 06274 010104 889747 0.16104 6.2098 186416 31852
) 1.6895 05019 0.05702 11.42132 0.14702 82017 24.5768 36133
1 1.7908 05584 D.O7SE7 1318079 013587 7.3601 296023 40220
n 1.8383 05268 006679 14.97164 0126739 78869 348702 44213
12 20322 04970 D.0s028 16.86594 Q11828 B.3838 403369 48113
12 21329 0.4658 0.052%6 18.88214 011208 B.8527 459629 5.192
1 2.2809 04423 0.04758 21.01507 010758 B8.2850 §1.7128 85635
15 23866 04173 004205 2327597 010286 97122 57 5546 59250
18 25404 0.3336 0.03895 25.67253 0.02895 10.1083 634592 62734
1w 28928 03714 0.03544 28.21268 0.08544 104773 834011 6.6240
10 28543 0.3503 0.03236 30.00568 0.06238 108278 75.3569 62597
2 30256 0.3306 0.02952 3375009 0.08962 11.1581 81.3062 72867
20 320m 03118 002718 36.78550 0.0E718 114689 872304 76051
k) 33808 0.2942 002500 39.99273 0.08500 11,7641 931136 78151
w 15005 02776 002305 4330229 0.08305 120416 95.8412 8166
2 KN R0 02618 002128 4699583 0.08128 12.3024 104.7007 85059
2 40482 02470 0.01958 5061558 G:07368 12,8504 103812 87951
25 42918 02320 001823 54,6451 007623 12 7834 NS anraz
2 45494 02120 0.01630 59.15638 0.07520 13,0032 121.4684 93414
ar 43223 0.2074 D.01570 E3.70577 0.07570 13.21C5 126.8600 9,602
28 51117 01936 D.01459 £8.52811 007458 13 4062 132.1420 9ESSA
28 54184 0.1848 9.01358 73.63980 0oT3se 13,6907 137.3096 10,1032
0 57435 0.1741 0.01265 79.05818 0.07265 137648 142.3588 103422
M £.0881 n.1643 001179 B4, 50168 007179 13921 147 27664 10,5740
3z B.4534 01550 001100 00.88978 007100 14 0840 152.0801 10,7988
2 E8406 0.1452 001027 67.34316 007027 14,2302 1567681 11.0166
B 1.2310 0,1379 0.00080 10418375 0.06360 14.3681 1613192 11.2276
£ 7.8361 0.1301 0.00857 111,43478 0.08897 14,4982 165.7427 11.4319
a0 10.2857 0our2 0.00648 154 76187 0 06646 15 D463 1850568 123580
42 13.764€ 00727 0.00470 21274351 0.08470 15,4558 202.1096 13.1443
50 18.4202 0.0543 0.00344 200.33500 0.06344 15.7618 2174574 13.7064
a8 24.8503 0.0M08 0.00254 394.17203 0.06254 159905 2293222 143431
60 Jzean 0.0303 000188 53312018 0.06184 181614 239.0428 14,1609
63 44.1450 o.0227 0.00138 719.08286 0.06138 16 2881 2456,8450 15,1601
mn 500758 0.0168 0.00103 867.93217 0.06103 16.3845 2533271 15.4513
0] 78.0586 0.0128 0.00077 1300.94568 0.06077 154558 258 4527 15,7058
e 106.7960 0.0025 0.00057 1746.59989 0.06057 16,5021 2625433 15.2033
85 141.5789 n.oart 0.00042 234296174 0.0E043 16 5463 285.8096 16.0520
60 188, 4645 00053 000032 3141.07518 006032 185787 268 3535 161891
95 253.54€3 0.0013 0.00024 4209.10425 006024 15.6003 2704375 16.2305
oe 2687550 0.0037 0.00022 4452.65080 0.06022 15 6047 2707509 16,3081
L1 3019776 00033 0 00020 501626411 0.06220 166115 271443 183411
g 330.3021 0.0029 0.00018 5R38.36908 0.06018 1668175 720471 16.3711

7 CONFIDENTIAL .

. TERBUKA




CONFIDENTIAL BFC 44602

- i
R o
Single Payments Uniform Gredient
Compound Amount | Present Worth Sinking Fund Compound Amounl | Capital Racovery Preserd Worth Gredient Present Gredient Annual
FP PiF AF FiA AP Pik Worth PG Saries AIG

1 1.1000 0.9051 1.00000 1.00000 1.10000 0.9091

2 1.2100 08264 047519 2.10000 0.57619 1.7355 0.6264 0.47e2
3 1.3310 0.7513 0.30211 331000 0.40211 2.4859 2329 0.9366
4 1.4841 [RECEcH 021547 aBa100 0.31547 3.1609 4381 1.3812
& 1.6105 08209 0.16380 6.10510 0.26380 3.7908 8.8618 1.6101
6 1.7718 0.5645 0.12961 771561 0.22861 4,3553 98842 22236
! 1.8487 0.5132 010541 Q48717 0.20541 4.8B84 12.7631 26216
B 2.1438 D.46E5 0.08724 11.43588 0.1874¢ 5.3349 16.0287 3.0045
9 2.3572 04241 0.07364 13.57948 0.17364 5.7550 19.4215 33724
L] 2.5837 03685 1.06275 16.83742 016375 6,146 28913 3.7288
" 2.8531 0.3508 0.05388 18.53117 0.153%6 €.4851 26.3953 4.0641
12 31384 03186 0.04G676 21.38428 0.14676 0.8137 23.9012 41,3884
13 34523 0.2887 0.04078 24.52271 0.14078 7.1034 33.a3r72 4.6088
4 3.7975 0.2633 0.03575 27.87408 0.13575 7.3867 35.8005 48955
15 41772 0.2394 003147 31.77248 0.13147 7.6081 40,1520 52789
8 4.8050 C.2178 0.02782 35.04973 012782 78237 ALA164 5.5403
"7 5.0545 0.1678 0.0z468 40.54470 0.12468 8.0218 455018 5.8071
18 5.5588 Q1798 0.02183 4559917 0.12183 a.2m4 49.0395 G6.0526
19 6.1158 0.1635 0.01855 5115008 0.11955 B.UBAY S2.5827 B6.2861
@0 6.7275 0.14E8 001745 57.27500 0.11746 8.6136 55.4058 6.5081
21 7 4002 01351 001562 61 DURS0 011582 B G4BT 52,1096 67182
o £.1403 01228 0.01401 7140275 0.11401 8.7715 60.68293 6.9189
a B8543 o1z 0.01257 70.54302 011257 8.8832 631462 7.1085
24 £.8497 0.1015 0.01130 88.40733 011130 8.9847 65.4813 7.2881
25 10.8347 0.0823 [Xeilellg 96.34708 .17 8.0770 87.6884 7.4580
26 11.9182 0.0639 0.00316 108.18177 0.10916 9.1608 69.7840 7.618€
a7 13.1100 o.ures 0.00426 121.08994 0.105826 8.23712 .7713 7.7704
B 14420 00863 0.00745 134.20094 0.10745 ©.3065 73.6485 7.9131
= 15.8631 0.0630 0.00673 146.63093 0.10673 8.3006 75.4148 8.0488
30 17.4484 Q.0573 0.00608 164.49402 010608 9.4269 77.0766 B.1762
El 19,1943 0.0521 0.00550 181.94342 0.10550 94790 78.6395 B.2962
az 21.1138 00474 0.00237 20113777 0.10497 25264 52,1078 B.4021
a3 23.2252 0.0431 0.00450 222.25164 0.10450 0.6694 B81.4856 8.5182
M 255477 0.0381 0.00407 24547670 0.10407 46086 27713 B.6148
5 281024 0.0356 0,00369 271.02437 0.10369 9.6842 83.5872 6,706
40 45.2593 o.02z1 0.0022 442.50256 0.10226 97781 80.952% 8.0962
45 7Z.8905 0.0137 0.00139 718.90484 0.10439 ¢.8628 924544 9.3740
&0 117.3209 0085 000086 1163 90853 010086 949148 4z pAge 95704
55 164.0501 0.0053 0.00053 1880.60142 0.10053 9.0471 905019 97075
80 3044878 0.0022 0.00033 3024.81640 0.10033 9.0672 97.7010 B5,8023
a5 2803707 0.0020 1.00020 4880 70725 0.10020 9786 a3 4705 96672
0 TBE.T470 0.0013 0.00013 7BOT 46857 0.10013 98,9673 88.8470 29113
7% 1271.8854 0.0008 0.00005 12706,85371 010008 0.9321 93.3317 8.8410
80 2048 2002 0.0005% 0.00005 20474.00215 0.10005 29851 99,5606 9.9608
85 4208.96090 00003 0.00003 26869030 0.10003 49800 99,7120 §.9742
= 5313.0226 0.0002 0.00002 53120.22612 0.10002 €.9981 93.8118 8.9831
o5 8558.6760 0.0001 0.00001 BE556 76047 6.10001 9.9968 938773 9.9888
96 94123437 0.000 000001 D4113.43651 0.10001 §.9989 Q08874 9.9398
66 11388.8355 0.0C01 0.00001 113679 35818 0.10001 e.e091 99.9052 9.9314
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Single Payments Uniform Gredienl
Compound Amount | Presenl Worth Sinking Fund Compound Amount | Capilal Recovery Present Worth Gredient Present Gredient Annual
FiP PIF AF FiA AP PIA Worth P/G Series AIG

1 1.1160 0.9008 100000 1.00000 1.11000 0.8009

2 1.2321 0.8116 0.47393 2.11000 0.568383 1.7125 08116 04739
3 1.3576 0.7312 0.28921 3.34210 040921 2.4437 22740 09306
4 1.5181 0.8587 0.21233 470973 0.32233 31024 4.2502 1.3700
5 1.6851 05935 0.16067 G.22780 0.27057 3.6859 £.6240 17823
& 1.8704 0.5346 0.12638 7.91286 0.23638 42305 [.2972 21976
7 20762 0.4817 010222 978377 021232 4012 12.1872 25883
8 2.3045 D.4338 0.08432 11.85943 0.18432 5.1461 15.2246 29585
9 25580 0.3909 0.07060 14 16387 0 18060 55370 18.3520 33144
10 2.8384 0.3522 0.05880 16.72201 0.1€880 5.8892 218217 3.6544
" 3.1518 0.3173 0.05132 18.56143 016112 G.2065 24 G045 39788
L 34985 0.2858 0.04403 2271319 0.15403 6.4024 27./388 42872
13 3.8833 0.257% 0.03815 26.21164 014835 6.7409 309200 45822
14 4.3104 0.2320 0.03323 30.00492 0.14323 5.9819 33.0449 4.8619
13 4.7BAR 0.2090 0.02807 34 40836 015807 7.1809 38.8708 5.1275
€ 53109 0.1883 0.02552 39,18885 0.13882 13792 39.6953 53784
1w 5.8951 01696 0.02247 44 50084 0.13247 7.5488 42,4085 56180
'a 6.5436 0.1528 0.01584 50.39584 0.12884 7.7016 450074 5.8439
18 T.2633 0.1377 0.01788 §6.93943 0.12756 7.8393 47.4B56 6.0574
20 8.0623 0.1240 0.01558 A4.20783 012558 7.96833 40 8423 6.2590
21 8.9492 0.any 0.01384 12,2651 012364 a.0751 52,0771 64451
22 5.9336 0.1007 0.01231 81.21431 0.12231 8.1757 54192 66233
a 11.0263 0.00a7 0.01087 81.14786 012087 8.2664 56,1864 6.7969
24 12.2362 0.0817 0.00979 102 17418 0.11679 8340 68.0656 6.9555
28 13.5855 0.0738 0.00874 11441331 011674 s4a7 50.8322 7.1045
26 15.0799 0.0863 000781 127 9977 011781 8.45H1 £i1.4900 F2443
27 16.7366 0.0587 0.00693 14307064 0.11638 8.5478 63.0433 7.3754
24 18.5799 0.0538 0.00626 18981729 0116268 B.EO16 B4 4265 74082
28 20.6237 0.0485 0.00561 17839719 0.11561 8.6501 65.8342 76131
a0 22.8923 0.0437 0.00502 188.02088 0.11502 8.6938 67.1210 7.7208
n 25,4104 0.03%4 0.00451 21 91317 0.11451 8.7331 66.3016 78210
3z 28.2056 0.0358 0.00404 24732362 0.114D4 4.7606 G8.4007 7.9147
33 31,3082 0.0218 0.00363 27552022 0.11383 8.8005 70.4228 8.0021
a4 34.7521 0.0288 0.00326 306.83744 0.11326 8.8203 71.3724 8.0835
3& 38.57489 0.0259 0.00293 341.58855 011283 88552 722538 B.183a
40 65.0002 n.0154 0.0M72 EB1.82607 011172 8.9511 75.7789 84659
45 108.5302 0.0081 0.00101 £86.63856 0.11101 9.0079 78.1551 86783
60 184.5648 0.0054 0.00060 1668.77115 0.11060 8.0417 79.7341 8.8185
58 311.0025 0.0032 0.00035 2R1B.20424 0.11035 9.0617 RB0.7712 89135
60 5240572 0.0019 0.00021 4755.06584 g.11021 2.0736 B1.4461 8.9762
65 ER3.0660 0.0011 0.00012 8018.76027 g1z £.0806 B81.8819 9.0172
i 1488.0191 0.0007 0.20007 13518.35574 0.11007 9.0848 B2.1614 9.0438
75 2507.3588 D.004 0.00004 22785.44339 011004 9.0873 82.3387 9.0610
au 4225.1128 0.0002 0.00003 38401.02500 0.11003 9.0888 B2.4529 90728
L 7119.5607 0.0001 0.00002 B4714.18815 011002 90896 B2.5245 8.0730
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racRnoane bR L re el 1
Uniform-Series Payments Uniform Gredient
Sinking Fund Compound Amount | Capital Recovery Present Werth Gredient Present Gredient Annual
FP PIF AF FiA AP PIA Warth PIG Series AG

1 1.1200 0.8924 1.00000 1.00000 1.12000 08924
2 1.2544 0.7g72 0.47170 212000 0.58170 1.6901 0.7972 04717
3 1.4040 0.7118 0.29635 3.37440 041835 2.4018 2.2208 0.9246
4 1.5735 08355 0.20823 4.77933 0.32923 3.0373 41273 1.3589
5 1.7623 0.5674 0.15741 6.36285 0.27741 3.6048 6.3970 17746
6 19738 0.5066 0.12323 B,11519 0.24323 41114 B.9302 24720
7 2.2107 0.4523 0.08912 10,08801 0.21912 45638 11.6443 25518
8 24760 0.4039 0.08130 12.29989 0.20130 49676 144714 29131
9 2.1t 0.3606 0.06768 14.77566 0.18768 5.3282 17.3563 3.2574
10 3.1058 0.3220 0.05608 17.54874 0.17698 56502 20.2541 3.5847
Al 1.4785 0.2875 0.04842 2065458 0.16842 5.9377 23.1288 3.8953
12 3.8960 0.2667 0.04144 24.13313 0.16144 6.1944 25.9523 4.1697
13 43635 0.2202 0.03568 28,0281 0.15588 64235 28.7024 24683
4 4.6871 0.2046 0.03087 32.39260 0.15087 6.6282 31.3624 47317
] 5.4736 iR 1i71y 0.02682 ar.2ren 0146462 6.8109 33,9202 4.9603
i 6.1304 0.1631 0.02333 42,75328 0.14339 6.9740 36,3670 52147
7 6.6650 0.1456 0.02045 48,88367 0.14028 7.1186 38,6973 54353
8 7.5900 0.1300 0.01784 55,74071 013794 7.2497 40.9080 5.6427
9 0.6128 0.1161 0.01578 63.43909 0.13576 7.0658 42,8978 58375
20 9.6463 0.1037 0.01383 7206244 0.13388 74604 449576 6.0202
2 10.6038 0,0826 0.0122¢ 81.69674 0.13224 7.5620 468188 6.1913
2 121003 0.0826 0.01081 §2.50258 0.13081 7.6446 48.5543 6.3514
] 13,5523 0.0738 0.00955 10460289 0.12856 7.7184 50.1776 6.5010
24 15.1786 0.0859 0.00848 118.15524 0.12846 7.7843 51,6929 56406
25 17.0001 00588 0.00750 133.33347 0.12750 7 8431 53 1048 6.7708
Bl 130401 0.0525 0.00665 150.33393 0.12665 1.8957 54.4177 6.8921
27 21,5240 0.0489 0.00583 168.37401 0.12580 7.8426 55.6368 7.0049
o8 21,6835 0.0419 0.00524 190.69459 012524 7.0844 56.7674 7.1098
= 28 7499 0.0374 0.00466 21458275 0 12466 8.0218 57.8141 7.2071
30 29,9389 0.0334 0.00414 241.33288 0.12414 8.0552 £8.7821 7.2974
o 33.5551 0.0208 0.00289 27129251 0.12369 5.0850 £0.6761 7.3811
2 37.5817 0.0266 0.00328 04.84772 0.12328 81116 60.5010 7.4686
33 42,0915 0.0238 0.00292 342.42945 0.12292 51354 61.2612 7.5302
T 47.1425 0.0212 0.00260 384.52050 0.12260 6.15G6 61.9612 7.5965
48 £2.7096 0.0189 0.00232 431.66350 0.12232 81755 62 6052 76577
40 g3.0510 0.0107 0.00130 767.08142 0.12130 8.2438 65,1159 7.8988
an 163.9676 0.0061 0.00074 1356.23003 0.12074 8.2625 66.7342 8.0572
50 280.0022 0.0035 0.00042 2400.01825 0.12042 8.3048 67.7624 8.1507
5 509.3206 0.0020 0.00024 4206.00505 0.12024 8.3170 £8.4082 B.2251
&0 897.5969 0.0011 0.00013 747164111 0.12013 8.3240 6e.8100 B.2664
55 1581 8725 0.0006 0.00003 13173.93742 0.12008 8.3281 69,0581 B.2822
o 2787 7998 0.0004 0.00004 2322333190 0.12004 8.3303 £5.2103 B.3082
£ 4813 0558 0.0002 0.00002 ADA2TARET 0.12002 8.3316 £0.3031 8.3181
L] BESE 2831 0.0001 0.00001 72145.69250 0.12001 6.3324 69.3594 B.3241
B 15250 2057 0.0001 0.00001 127151 71400 012001 #.3328 69 2935 8.3278
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APPENDIX B

LIST OF FORMULA

L p(l+i)®

2. Cu=Ck (Il

3. Zi =K@

4 n =logs/log2

W1 (Cat/Ci2) + W2 (Cr2/Ci2) + W... (Cu.../Ck..)
5. In= e
W1+W2+W... ...

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

7. Modified B-C ratio with PW

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

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

X I
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