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Chapter 6

Conclusions and Recommendations
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6.1 Introduction

The goal of this project has been to aid the Virginia Department of Transportation

in improving the post-hurricane recovery of highway signs, lights, and signals through

the assessment of risks, costs and benefits of alternative plans.

6.2 Conclusions

6.2.1 Need for Recovery Management

VDOT’s need for hurricane recovery of signs, signals, and lights stems from the

1997 workshop to which sessions were devoted to this topic.  In this seminar concern was

expressed about the state-of-readiness of Virginia, especially in areas such as the Suffolk

district, where the economy and population have grown extensively in the last fifteen

years.  It was deemed that analysis must begin on the feasibility of different preparation

techniques and recovery tactics.

6.2.2. Four Approaches

Four major issues associated with recovery were identified and determined to be

beneficial to the overall analysis of hurricane preparedness.  Figure 6.1 shows the four

approaches taken in this study.
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Recovery Management of Signs, Signals, and Lights

           Extent of          Spares/Reserves          Priority                      Time to
            Damage                  Aluminum                    Setting                     Recovery

Figure 6.1: Project Overview and Integration.

6.2.3 Modeling and Evaluation Alternatives

This project developed an examination grounded in risk-cost benefit analysis, data

sources from VDOT and other authorities, and systems modeling to demonstrate

prototyping solutions for the above four issues.

6.2.4 Tradeoffs

Tradeoffs that were examined involve

• Assume definite costs now versus paying uncertain costs later

• Priorities for recovery

• Reconfiguration of activities based on different recovery schedules

• Sign strengthening versus uncertain damage potential
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6.2.5 Applicability and National Interest

The Federal Emergency Management Agency provides funding to individual

states when a natural disaster strikes.  The analysis performed in this report can help

VDOT plan efficiently and show if it is using a sound approach to solve the hurricane

problem (Cogburn, 1998).  The methodology will serve as an example to other states and

countries and help them see how systematic recovery management can provide beneficial

results in the wake of a natural disaster.

6.2.6 Applicability across VDOT

The overall approach of systems modeling in support of cost/risk-benefit analysis

is transferable to other areas of VDOT for problem solving.  It is applicable to all types of

disaster planning including flooding, fires, and hazardous material cleanups.

6.3 Recommendations for Further Work

Recommendation for further study include expanding upon the four

methodologies presented in this report by collecting data that will focus the approach

analysis used.  Doing so will reveal insights to the recovery process and will allow

VDOT to improve the foundations of its recovery procedure.  VDOT should therefore

consider the foregoing effort as a feasibility study, outlining directions for in-depth

analysis in any or all the four issues.  A statement of work based on these preliminary

analyses should be formulated to ensure the initiation of further study and improvement.
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Table B1 -- Complete Table of Costs and Sizes
Size of sign: Costs
h(feet) w(feet) area(ft^2) /ft^2 Complete Sign

3.50 4.50 15.75 2 $31.50
0.75 4.00 3.00 $6.00
0.75 8.50 6.38 $12.75
0.83 12.00 10.00 $20.00
0.75 6.67 5.00 $10.00
0.75 1.00 0.75 $1.50
1.00 1.00 1.00 $2.00
1.00 1.50 1.50 $3.00
1.00 2.00 2.00 $4.00
1.00 3.00 3.00 $6.00
1.00 3.50 3.50 $7.00
1.00 4.00 4.00 $8.00
1.00 5.00 5.00 $10.00
1.50 2.00 3.00 $6.00
1.50 3.50 5.25 $10.50
1.50 5.00 7.50 $15.00
1.50 5.50 8.25 $16.50
1.50 8.00 12.00 $24.00
1.50 9.00 13.50 $27.00
1.50 12.00 18.00 $36.00
2.00 2.00 4.00 $8.00
2.00 2.50 5.00 $10.00
2.00 3.00 6.00 $12.00
2.00 3.50 7.00 $14.00
2.00 4.00 8.00 $16.00
2.00 5.00 10.00 $20.00
2.00 6.50 13.00 $26.00
2.00 12.00 24.00 $48.00
2.50 2.50 6.25 $12.50
2.50 3.50 8.75 $17.50
2.50 4.00 10.00 $20.00
2.50 5.00 12.50 $25.00
2.50 5.50 13.75 $27.50
2.50 6.50 16.25 $32.50
2.50 7.00 17.50 $35.00
2.50 12.00 30.00 $60.00
3.00 3.00 9.00 $18.00
3.00 4.00 12.00 $24.00
3.00 7.00 21.00 $42.00
3.00 9.00 27.00 $54.00
3.00 12.00 36.00 $72.00
3.50 5.50 19.25 $38.50
3.50 12.00 42.00 $84.00
4.00 4.00 16.00 $32.00
4.00 5.00 20.00 $40.00
4.00 5.50 22.00 $44.00
4.00 8.00 32.00 $64.00
4.00 12.00 48.00 $96.00
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Table B1(Cont.) -- Complete Table of Costs and Sizes
Size of sign: Costs
h(feet) w(feet) area(ft^2) /ft^2 Complete Sign

5.00 5.50 27.50 $55.00
5.00 6.00 30.00 $60.00
5.00 6.50 32.50 $65.00
5.00 10.00 50.00 $100.00
5.00 12.00 60.00 $120.00
5.00 5.00 25.00 $50.00
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Table B2 -- Cost of Storage of Signs for VDOT
Amount Stored (ft^2) Cost to store Amount Stored (ft^2) Cost to store

10000 $5,000.00 270000 $15,000.00
20000 $5,000.00 280000 $15,000.00
30000 $5,000.00 290000 $15,000.00
40000 $5,000.00 300000 $15,000.00
50000 $5,000.00 310000 $20,000.00
60000 $5,000.00 320000 $20,000.00
70000 $5,000.00 330000 $20,000.00
80000 $5,000.00 340000 $20,000.00
90000 $5,000.00 350000 $20,000.00
100000 $5,000.00 360000 $20,000.00
110000 $10,000.00 370000 $20,000.00
120000 $10,000.00 380000 $20,000.00
130000 $10,000.00 390000 $20,000.00
140000 $10,000.00 400000 $20,000.00
150000 $10,000.00 410000 $25,000.00
160000 $10,000.00 420000 $25,000.00
170000 $10,000.00 430000 $25,000.00
180000 $10,000.00 440000 $25,000.00
190000 $10,000.00 450000 $25,000.00
200000 $10,000.00 460000 $25,000.00
210000 $15,000.00 470000 $25,000.00
220000 $15,000.00 480000 $25,000.00
230000 $15,000.00 490000 $25,000.00
240000 $15,000.00 500000 $25,000.00
250000 $15,000.00 510000 $30,000.00
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Table B3 – Total Cost to VDOT as a function of aluminum lost
Amount of Aluminum Lost Storage Production Labor Material Total Total for Contractor

0 $0 $0 $0 $0 $0 $0
5000 $5,000 $85,000 $4,250 $10,000 $104,250 $115,000

10000 $5,000 $170,000 $8,500 $20,000 $203,500 $225,000
15000 $5,000 $255,000 $12,750 $30,000 $302,750 $335,000
20000 $5,000 $340,000 $17,000 $40,000 $402,000 $445,000
25000 $5,000 $425,000 $21,250 $50,000 $501,250 $555,000
30000 $5,000 $510,000 $25,500 $60,000 $600,500 $665,000
35000 $5,000 $595,000 $29,750 $70,000 $699,750 $775,000
40000 $5,000 $680,000 $34,000 $80,000 $799,000 $885,000
45000 $5,000 $765,000 $38,250 $90,000 $898,250 $995,000
50000 $5,000 $850,000 $42,500 $100,000 $997,500 $1,105,000
55000 $5,000 $935,000 $46,750 $110,000 $1,096,750 $1,215,000
60000 $5,000 $1,020,000 $51,000 $120,000 $1,196,000 $1,325,000
65000 $5,000 $1,105,000 $55,250 $130,000 $1,295,250 $1,435,000
70000 $5,000 $1,190,000 $59,500 $140,000 $1,394,500 $1,545,000
75000 $5,000 $1,275,000 $63,750 $150,000 $1,493,750 $1,655,000
80000 $5,000 $1,360,000 $68,000 $160,000 $1,593,000 $1,765,000
85000 $5,000 $1,445,000 $72,250 $170,000 $1,692,250 $1,875,000
90000 $5,000 $1,530,000 $76,500 $180,000 $1,791,500 $1,985,000
95000 $5,000 $1,615,000 $80,750 $190,000 $1,890,750 $2,095,000
100000 $5,000 $1,700,000 $85,000 $200,000 $1,990,000 $2,205,000
105000 $10,000 $1,785,000 $89,250 $210,000 $2,094,250 $2,320,000
110000 $10,000 $1,870,000 $93,500 $220,000 $2,193,500 $2,430,000
115000 $10,000 $1,955,000 $97,750 $230,000 $2,292,750 $2,540,000
120000 $10,000 $2,040,000 $102,000 $240,000 $2,392,000 $2,650,000
125000 $10,000 $2,125,000 $106,250 $250,000 $2,491,250 $2,760,000
130000 $10,000 $2,210,000 $110,500 $260,000 $2,590,500 $2,870,000
135000 $10,000 $2,295,000 $114,750 $270,000 $2,689,750 $2,980,000
140000 $10,000 $2,380,000 $119,000 $280,000 $2,789,000 $3,090,000
145000 $10,000 $2,465,000 $123,250 $290,000 $2,888,250 $3,200,000
150000 $10,000 $2,550,000 $127,500 $300,000 $2,987,500 $3,310,000
155000 $10,000 $2,635,000 $131,750 $310,000 $3,086,750 $3,420,000
160000 $10,000 $2,720,000 $136,000 $320,000 $3,186,000 $3,530,000
165000 $10,000 $2,805,000 $140,250 $330,000 $3,285,250 $3,640,000
170000 $10,000 $2,890,000 $144,500 $340,000 $3,384,500 $3,750,000
175000 $10,000 $2,975,000 $148,750 $350,000 $3,483,750 $3,860,000
180000 $10,000 $3,060,000 $153,000 $360,000 $3,583,000 $3,970,000
185000 $10,000 $3,145,000 $157,250 $370,000 $3,682,250 $4,080,000
190000 $10,000 $3,230,000 $161,500 $380,000 $3,781,500 $4,190,000
195000 $10,000 $3,315,000 $165,750 $390,000 $3,880,750 $4,300,000
200000 $10,000 $3,400,000 $170,000 $400,000 $3,980,000 $4,410,000
205000 $15,000 $3,485,000 $174,250 $410,000 $4,084,250 $4,525,000
210000 $15,000 $3,570,000 $178,500 $420,000 $4,183,500 $4,635,000
215000 $15,000 $3,655,000 $182,750 $430,000 $4,282,750 $4,745,000
220000 $15,000 $3,740,000 $187,000 $440,000 $4,382,000 $4,855,000
225000 $15,000 $3,825,000 $191,250 $450,000 $4,481,250 $4,965,000
230000 $15,000 $3,910,000 $195,500 $460,000 $4,580,500 $5,075,000
235000 $15,000 $3,995,000 $199,750 $470,000 $4,679,750 $5,185,000
240000 $15,000 $4,080,000 $204,000 $480,000 $4,779,000 $5,295,000
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Table B3(Cont.) – Total Cost to VDOT as a function of aluminum lost
Amount of Aluminum Lost Storage Production Labor Material Total Total for Contractor

245000 $15,000 $4,165,000 $208,250 $490,000 $4,878,250 $5,405,000
250000 $15,000 $4,250,000 $212,500 $500,000 $4,977,500 $5,515,000
255000 $15,000 $4,335,000 $216,750 $510,000 $5,076,750 $5,625,000
260000 $15,000 $4,420,000 $221,000 $520,000 $5,176,000 $5,735,000
265000 $15,000 $4,505,000 $225,250 $530,000 $5,275,250 $5,845,000
270000 $15,000 $4,590,000 $229,500 $540,000 $5,374,500 $5,955,000
275000 $15,000 $4,675,000 $233,750 $550,000 $5,473,750 $6,065,000
280000 $15,000 $4,760,000 $238,000 $560,000 $5,573,000 $6,175,000
285000 $15,000 $4,845,000 $242,250 $570,000 $5,672,250 $6,285,000
290000 $15,000 $4,930,000 $246,500 $580,000 $5,771,500 $6,395,000
295000 $15,000 $5,015,000 $250,750 $590,000 $5,870,750 $6,505,000
300000 $15,000 $5,100,000 $255,000 $600,000 $5,970,000 $6,615,000
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Table B4 – Cost of Production vs. percent held by VDOT
% held by VDOT I II III IV Cost to Produce

20 0.045468 0.018687 0.014132 0.011694 $397
40 0.090935 0.037374 0.028264 0.023388 $794
60 0.136403 0.056062 0.042395 0.035083 $1,191
80 0.181871 0.074749 0.056527 0.046777 $1,588

100 0.227338 0.093436 0.070659 0.058471 $1,985
120 0.272806 0.112123 0.084791 0.070165 $2,382
140 0.318274 0.130811 0.098922 0.081859 $2,779
160 0.363742 0.149498 0.113054 0.093554 $3,176
180 0.409209 0.168185 0.127186 0.105248 $3,573
200 0.454677 0.186872 0.141318 0.116942 $3,970
220 0.500145 0.205559 0.15545 0.128636 $4,367
240 0.545612 0.224247 0.169581 0.14033 $4,764
260 0.59108 0.242934 0.183713 0.152025 $5,161
280 0.636548 0.261621 0.197845 0.163719 $5,558
300 0.682015 0.280308 0.211977 0.175413 $5,955
320 0.727483 0.298996 0.226108 0.187107 $6,352
340 0.772951 0.317683 0.24024 0.198801 $6,749
360 0.818419 0.33637 0.254372 0.210496 $7,146
380 0.863886 0.355057 0.268504 0.22219 $7,543
400 0.909354 0.373744 0.282636 0.233884 $7,940
420 0.954822 0.392432 0.296767 0.245578 $8,337
440 1.000289 0.411119 0.310899 0.257272 $8,734
460 1.045757 0.429806 0.325031 0.268967 $9,131
480 1.091225 0.448493 0.339163 0.280661 $9,528
500 1.136692 0.467181 0.353294 0.292355 $9,925
520 1.18216 0.485868 0.367426 0.304049 $10,322
540 0.504555 0.381558 0.315743 $10,719
560 0.523242 0.39569 0.327438 $11,116
580 0.541929 0.409822 0.339132 $11,513
600 0.560617 0.423953 0.350826 $11,910
620 0.579304 0.438085 0.36252 $12,307
640 0.597991 0.452217 0.374214 $12,704
660 0.616678 0.466349 0.385908 $13,101
680 0.635366 0.48048 0.397603 $13,498
700 0.654053 0.494612 0.409297 $13,895
720 0.67274 0.508744 0.420991 $14,292
740 0.691427 0.522876 0.432685 $14,689
760 0.710114 0.537008 0.444379 $15,086
780 0.728802 0.551139 0.456074 $15,483
800 0.747489 0.565271 0.467768 $15,880
820 0.766176 0.579403 0.479462 $16,277
840 0.784863 0.593535 0.491156 $16,674
860 0.803551 0.607666 0.50285 $17,071
880 0.822238 0.621798 0.514545 $17,468
900 0.840925 0.63593 0.526239 $17,865
920 0.859612 0.650062 0.537933 $18,262
940 0.878299 0.664194 0.549627 $18,659
960 0.896987 0.678325 0.561321 $19,056
980 0.915674 0.692457 0.573016 $19,453
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Table A4(Cont.) – Cost of Production vs. percent held by VDOT
% held by VDOT I II III IV Cost to Produce

1000 0.934361 0.706589 0.58471 $19,850
1020 0.953048 0.720721 0.596404 $20,247
1040 0.971736 0.734852 0.608098 $20,644
1060 0.990423 0.748984 0.619792 $21,041
1080 1.00911 0.763116 0.631487 $21,438
1100 0.777248 0.643181 $21,835
1120 0.79138 0.654875 $22,232
1140 0.805511 0.666569 $22,629
1160 0.819643 0.678263 $23,026
1180 0.833775 0.689958 $23,423
1200 0.847907 0.701652 $23,820
1220 0.862039 0.713346 $24,217
1240 0.87617 0.72504 $24,614
1260 0.890302 0.736734 $25,011
1280 0.904434 0.748429 $25,408
1300 0.918566 0.760123 $25,805
1320 0.932697 0.771817 $26,202
1340 0.946829 0.783511 $26,599
1360 0.960961 0.795205 $26,996
1380 0.975093 0.8069 $27,393
1400 0.989225 0.818594 $27,790
1420 1.003356 0.830288 $28,187
1440 0.841982 $28,584
1460 0.853676 $28,981
1480 0.865371 $29,378
1500 0.877065 $29,775
1520 0.888759 $30,172
1540 0.900453 $30,569
1560 0.912147 $30,966
1580 0.923842 $31,363
1600 0.935536 $31,760
1620 0.94723 $32,157
1640 0.958924 $32,554
1660 0.970618 $32,951
1680 0.982313 $33,348
1700 0.994007 $33,745
1720 1.005701 $34,142
1740 1.017395 $34,539
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Table C.1: Nodes and their respective weight.

NODE Road 1 Road 2 Number of
facilities
(weight)

1 64 105 1
2 258 167 1
3 Exit Suffolk 0
4 13 60 1
5 17 64 0
6 Cedar ln. 164 1
7 64 664 0
8 44 Bus 58 1
9 13 Bridge 0

10 408 44 1
11 460 60 0
12 152 17 1
13 460 168 0
14 134 64 3
15 64 168 0
16 170 168 1
17 337 564 1
18 225 58 3
19 64 564 0
20 44 225 2
21 564 460 0
22 411 44 2
23 Exit Suffolk 0
24 407 64 3
25 258 10 2
26 168 165 1
27 258 10 0
28 Bus 168 165 1
29 258 10 0
30 239 264 1
31 258 17 0
32 337 58 1
33 17 164 0
34 611 258 1
35 664 164 0
36 Bus 58 258 4
38 125 10 1
39 64 13 0
40 Along 258 2
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NODE Road 1 Road 2 Number of
facilities
(weight)

41 17 58 0
42 Along 17 1
43 460 58 0
44 Along 17 1
45 168 58 1
46 Along 258 2
47 13 58 0
48 Along 17 2
49 58 60 0
50 Along 58 1
51 264 17 0
52 Along 58 3
53 264 464 0
54 Along 58 0
55 264 460 0
56 Along 58 1
57 264 168 0
58 Along 13 1
59 264 13 0
60 Along 168 1
61 264 44 0
62 Along 168 1
63 44 60 3
64 Along 17 1
65 Exit Suffolk 0
67 460 258 0
68 Along 17 1
69 Bus 460 58 0
70 Along 58 1
71 10 Bus 460 0
72 Along 460 2
73 58 10 0
74 alt 460 264 1
75 58 Bus 58 0
77 64 664 0
79 264 64 0
81 64 13 0
83 17 13 0
85 13 460 0
87 464 460 0
89 168 13 0
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NODE Road 1 Road 2 Number of
facilities
(weight)

93 64 464 0
95 64 168 0
97 Exit Suffolk 0
99 58 258 0

103 58 Bus 58 0
105 13 32 3
109 32 58 0
111 168 Bus 168 0
113 Exit Suffolk 0
115 Exit Suffolk 0
117 Exit Suffolk 0
119 Bus 168 168 0
121 Exit Suffolk 0
123 17 258 0
125 64 258 0
127 258 169 1
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Table C.2 - Method 1 (One
step+)
Segments 34,36 25,46 10,63 20,22 18,7

0
50,52 8,10 22,8 43,5

2

re-
established

NODE
#

W Combo(N,2) W C W C W C W C W C W C W C W C

1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
2 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
4 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
6 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
8 1 0 1 0 1 0 1 0 1 0 1 0 1 0 V

10 1 0 1 0 1 0 V
12 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
14 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
16 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
17 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
18 3 3 3 3 3 3 3 3 3 3 V
20 2 1 2 1 2 1 2 1 V
22 2 1 2 1 2 1 2 1 X 4 6 4 6 4 6 4 6 V
24 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
25 2 1 2 1 V
26 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
28 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
30 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
32 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
34 1 0 V
36 4 6 X 5 10 5 10 5 10 5 10 5 10 5 10 5 10 5 10
38 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
40 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1
42 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
44 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
45 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
46 2 1 2 1 X 4 6 4 6 4 6 4 6 4 6 4 6 4 6
48 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1
50 1 0 1 0 1 0 1 0 1 0 1 0 V
52 3 3 3 3 3 3 3 3 3 3 3 3 X 4 6 4 6 4 6 V
56 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
58 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
60 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
62 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
63 3 3 3 3 3 3 X 4 6 4 6 4 6 4 6 X 5 10 X 9 36
64 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
68 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 X
70 1 0 1 0 1 0 1 0 1 0 X 4 6 4 6 4 6 4 6
72 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1
74 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0

105 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
127 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0

Total Connectivity 31 35 39 42 46 49 52 56 76

Steps 1 1 1 1 1 1 1 1 1
Step # 1 2 3 4 5 6 7 8 9
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Table C.2 - Method 1 (One
step+)

64,68 2,40 40,127 42,44 60,62 61,2
0

24,95 25,6
7

62,1
11

24,6
1

95,60 67,34 111,
28

NODE # W C W C W C W C W C W C W C W C W C
1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
2 1 0 1 0 V
4 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
6 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
8

10
12 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
14 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
16 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
17 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
18
20
22
24 3 3 3 3 3 3 3 3 3 3 3 3 V
25
26 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
28 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 V
30 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
32 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
34
36 5 10 5 10 5 10 5 10 5 10 5 10 5 10 5 10 V
38 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
40 2 1 2 1 X 3 3 V
42 1 0 1 0 1 0 1 0 V
44 1 0 1 0 1 0 1 0 X 2 1 2 1 2 1 2 1 2 1
45 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
46 4 6 4 6 4 6 4 6 4 6 4 6 4 6 4 6 X 9 36
48 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1
50
52
56 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
58 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
60 1 0 1 0 1 0 1 0 1 0 V
62 1 0 1 0 1 0 1 0 1 0 X 2 1 2 1 V
63 9 36 9 36 9 36 9 36 9 36 9 36 X 12 66 X 14 91 14 91 X
64 1 0 V
68 5 10 X 6 15 6 15 6 15 6 15 6 15 6 15 6 15 6 15
70 4 6 4 6 4 6 4 6 4 6 4 6 4 6 4 6 4 6
72 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1
74 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0

105 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
127 1 0 1 0 1 0 X 4 6 4 6 4 6 4 6 4 6 4 6

Total Connectivity 80 85 87 90 91 92 92 119 119 143 143 163 163

Steps 1 1 1 1 1 2 2 2 2
Step # 10 11 12 13 14 16 18 20 22
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Table C.2 - Method 1 (One
step+)

59,58 58,47 47,56 47,39 56,54

111,26 61,59 47,18 39,4 54,45

NODE # W C W C W C W C W C W C W C
1 1 0 1 0 1 0 1 0 1 0 1 0 1 0
2
4 1 0 1 0 1 0 1 0 1 0 V
6 1 0 1 0 1 0 1 0 1 0 1 0 1 0
8

10
12 1 0 1 0 1 0 1 0 1 0 1 0 1 0
14 3 3 3 3 3 3 3 3 3 3 3 3 3 3
16 1 0 1 0 1 0 1 0 1 0 1 0 1 0
17 1 0 1 0 1 0 1 0 1 0 1 0 1 0
18
20
22
24
25
26 1 0 V
28
30 1 0 1 0 1 0 1 0 1 0 1 0 1 0
32 1 0 1 0 1 0 1 0 1 0 1 0 1 0
34
36
38 1 0 1 0 1 0 1 0 1 0 1 0 1 0
40
42
44 2 1 2 1 2 1 2 1 2 1 2 1 2 1
45 1 0 1 0 1 0 1 0 1 0 1 0 V
46 9 36 9 36 9 36 9 36 9 36 9 36 9 36
48 2 1 2 1 2 1 2 1 2 1 2 1 2 1
50
52
56 1 0 1 0 1 0 1 0 V
58 1 0 1 0 V
60
62
63 15 105 X 16 120 X 17 136 V
64
68 6 15 6 15 6 15 6 15 6 15 6 15 6 15
70 4 6 4 6 4 6 X 21 210 X 22 231 X 23 253 X 24 276
72 2 1 2 1 2 1 2 1 2 1 2 1 2 1
74 1 0 1 0 1 0 1 0 1 0 1 0 1 0

105 3 3 3 3 3 3 3 3 3 3 3 3 3 3
127 4 6 4 6 4 6 4 6 4 6 4 6 4 6

Total Connectivity 177 192 192 208 208 276 297 297 319 319 342

Steps 1 2 2 1 2 2
Step # 23 25 27 28 30 32
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Table C.2 - Method 1 (One
step+)

50,68 64,33 51,48 30,51 50,41 33,35 72,21

33,44 50,51 41,32 35,6 21,17

NODE # W C W C W C W C W C W C W C
1 1 0 1 0 1 0 1 0 1 0 1 0 1 0
2
4
6 1 0 1 0 1 0 1 0 1 0 1 0 V
8

10
12 1 0 1 0 1 0 1 0 1 0 1 0 1 0
14 3 3 3 3 3 3 3 3 3 3 3 3 3 3
16 1 0 1 0 1 0 1 0 1 0 1 0 1 0
17 1 0 1 0 1 0 1 0 1 0 1 0 1 0 V
18
20
22
24
25
26
28
30 1 0 1 0 1 0 1 0 V
32 1 0 1 0 1 0 1 0 1 0 V
34
36
38 1 0 1 0 1 0 1 0 1 0 1 0 1 0
40
42
44 2 1 2 1 V
45
46 9 36 9 36 9 36 9 36 9 36 9 36 9 36
48 2 1 2 1 2 1 V
50
52
56
58
60
62
63
64
68 6 15 V
70
72 26 325 X 32 496 X 34 561 X 36 630 X 37 666 X 38 703 X 39 741 X
74 1 0 1 0 1 0 1 0 1 0 1 0 1 0

105 3 3 3 3 3 3 3 3 3 3 3 3 3 3
127 4 6 4 6 4 6 4 6 4 6 4 6 4 6

Total Connectivity 390 390 546 546 610 610 678 714 714 751 751 789 789

Steps 2 2 2 1 2 2 2
Step # 36 38 40 41 43 45 47
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Table C.2 - Method 1 (One
step+)

39,1
5

125,40 123,125 42,31 29,38 29,27 5,1 51,53

15,1
6

125,14 123,1
2

123,3
1

31,2
9

27,46 12,5 53,74

NODE # W C W C W C W C W C W C W C
1 1 0 1 0 1 0 1 0 1 0 1 0 V
2
4
6
8

10
12 1 0 1 0 V
14 3 3 V
16 V
17
18
20
22
24
25
26
28
30
32
34
36
38 1 0 1 0 1 0 1 0 V
40
42
44
45
46 9 36 9 36 9 36 9 36 9 36 V
48
50
52
56
58
60
62
63
64
68
70
72 X 41 820 41 820 41 820 V
74 1 0 1 0 1 0 1 0 1 0 1 0 1 0 V

105 3 3 3 3 3 3 3 3 3 3 3 3 3 3
127 4 6 X 7 21 X 8 28 X 49 1176 X 50 1225 X 59 1711 X 60 1770 X

Total Connectivity 828 868 ## 880 880 887 887 1215 1215 1264 1264 1714 1714 1773 1773

Steps 2 2 2 2 2 2 2 2
Step # 49 51 53 55 57 59 61 63
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Table C.2 - Method 1 (One step+)
38,73

73,71
71,10

5

NODE # W C W C
1
2
4
6
8

10
12
14
16
17
18
20
22
24
25
26
28
30
32
34
36
38
40
42
44
45
46
48
50
52
56
58
60
62
63
64
68
70
72
74

105 3 3 V

127 61 1830 X 64 2016
Total Connectivity 1883 1833 1833 1883 2016

Steps 3
Step # 66

Total
Connectivity=

C(65) = 2016
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Table  C.3: Method
2 ( 2 STEP+)
Segment recoveries-> 20,22 8,10 20,61 61,59 58,47 18,70 24,95

22,8 10,63 61,24 59,58 47,18 47,56 95,60

NODE # W Combo(N,2) W C W C W C W C W C W C

1 1 0 1 0 1 0 1 0 1 0 1 0 1 0

2 1 0 1 0 1 0 1 0 1 0 1 0 1 0

4 1 0 1 0 1 0 1 0 1 0 1 0 1 0

6 1 0 1 0 1 0 1 0 1 0 1 0 1 0

8 1 0 V

10 1 0 1 0 V

12 1 0 1 0 1 0 1 0 1 0 1 0 1 0

14 3 3 3 3 3 3 3 3 3 3 3 3 3 3

16 1 0 1 0 1 0 1 0 1 0 1 0 1 0

17 1 0 1 0 1 0 1 0 1 0 1 0 1 0

18 3 3 3 3 3 3 3 3 3 3 V

20 2 1 V

22 2 1 X 5 10 V

24 3 3 3 3 3 3 V

25 2 1 2 1 2 1 2 1 2 1 2 1 2 1

26 1 0 1 0 1 0 1 0 1 0 1 0 1 0

28 1 0 1 0 1 0 1 0 1 0 1 0 1 0

30 1 0 1 0 1 0 1 0 1 0 1 0 1 0

32 1 0 1 0 1 0 1 0 1 0 1 0 1 0

34 1 0 1 0 1 0 1 0 1 0 1 0 1 0

36 4 6 4 6 4 6 4 6 4 6 4 6 4 6

38 1 0 1 0 1 0 1 0 1 0 1 0 1 0

40 2 1 2 1 2 1 2 1 2 1 2 1 2 1

42 1 0 1 0 1 0 1 0 1 0 1 0 1 0

44 1 0 1 0 1 0 1 0 1 0 1 0 1 0

45 1 0 1 0 1 0 1 0 1 0 1 0 1 0

46 2 1 2 1 2 1 2 1 2 1 2 1 2 1

48 2 1 2 1 2 1 2 1 2 1 2 1 2 1

50 1 0 1 0 1 0 1 0 1 0 1 0 1 0

52 3 3 3 3 3 3 3 3 3 3 3 3 3 3

56 1 0 1 0 1 0 1 0 1 0 1 0 V

58 1 0 1 0 1 0 1 0 V

60 1 0 1 0 1 0 1 0 1 0 1 0 1 0 V

62 1 0 1 0 1 0 1 0 1 0 1 0 1 0

63 3 3 3 3 X 9 36 X 12 66 X 16 120 X 16 120 V

64 1 0 1 0 1 0 1 0 1 0 1 0 1 0

68 1 0 1 0 1 0 1 0 1 0 1 0 1 0

70 1 0 1 0 1 0 1 0 1 0 1 0 X 18 153 X

72 2 1 2 1 2 1 2 1 2 1 2 1 2 1

74 1 0 1 0 1 0 1 0 1 0 1 0 1 0

105 3 3 3 3 3 3 3 3 3 3 3 3 3 3

127 1 0 1 0 1 0 1 0 1 0 1 0 1 0

Total Connectivity 31 39 62 89 143 140 173

Steps 2 2 2 2 2 2 2
Step # 2 4 6 8 10 12 14
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Table  C.3:
Method 2 ( 2
STEP+)

60,62 47,39 62,111 111,2
6

56,45 54,43 43,52

34,36 39,4 111,28 25,46 45,54 43,72 52,43

NODE
#

W C W C W C W C W C W C W C

1 1 0 1 0 1 0 1 0 1 0 1 0 1 0

2 1 0 1 0 1 0 1 0 1 0 1 0 1 0

4 1 0 1 0 V

6 1 0 1 0 1 0 1 0 1 0 1 0 1 0

8

10

12 1 0 1 0 1 0 1 0 1 0 1 0 1 0

14 3 3 3 3 3 3 3 3 3 3 3 3 3 3

16 1 0 1 0 1 0 1 0 1 0 1 0 1 0

17 1 0 1 0 1 0 1 0 1 0 1 0 1 0

18

20

22

24

25 2 1 2 1 2 1 2 1 V(46)

26 1 0 1 0 1 0 1 0 V(70)

28 1 0 1 0 1 0 V

30 1 0 1 0 1 0 1 0 1 0 1 0 1 0

32 1 0 1 0 1 0 1 0 1 0 1 0 1 0

34 1 0 V(36)

36 4 6 X 5 10 5 10 5 10 5 10 5 10 5 10

38 1 0 1 0 1 0 1 0 1 0 1 0 1 0

40 2 1 2 1 2 1 2 1 2 1 2 1 2 1

42 1 0 1 0 1 0 1 0 1 0 1 0 1 0

44 1 0 1 0 1 0 1 0 1 0 1 0 1 0

45 1 0 1 0 1 0 1 0 1 0 V

46 2 1 2 1 2 1 2 1 X 4 6 4 6 4 6

48 2 1 2 1 2 1 2 1 2 1 2 1 2 1

50 1 0 1 0 1 0 1 0 1 0 1 0 1 0

52 3 3 3 3 3 3 3 3 3 3 3 3 3 3 V

56

58

60

62 1 0 V(70)

63

64 1 0 1 0 1 0 1 0 1 0 1 0 1 0

68 1 0 1 0 1 0 1 0 1 0 1 0 1 0

70 19 171 X 20 190 X 21 210 X 22 231 X 23 253 X 24 276 V

72 2 1 2 1 2 1 2 1 2 1 2 1 X 26 325 X

74 1 0 1 0 1 0 1 0 1 0 1 0 1 0

105 3 3 3 3 3 3 3 3 3 3 3 3 3 3

127 1 0 1 0 1 0 1 0 1 0 1 0 1 0

Total Connectivity 191 214 234 255 281 304 352

Steps 2 2 2 2 2 2 2
Step # 16 18 20 22 24 26 28

Table  C.3:
Method 2 ( 2



142

STEP+)
52,50 50,51 68,64 39,15 72,21 64,33 33,35

50,68 51,48 51,30 15,16 21,17 33,44 35,6

NODE # W C W C W C W C W C W C W C

1 1 0 1 0 1 0 1 0 1 0 1 0 1 0

2 1 0 1 0 1 0 1 0 1 0 1 0 1 0

4

6 1 0 1 0 1 0 1 0 1 0 1 0 1 0 V

8

10

12 1 0 1 0 1 0 1 0 1 0 1 0 1 0

14 3 3 3 3 3 3 3 3 3 3 3 3 3 3

16 1 0 1 0 1 0 1 0 V

17 1 0 1 0 1 0 1 0 1 0 V

18

20

22

24

25

26

28

30 1 0 1 0 1 0 V

32 1 0 1 0 1 0 1 0 1 0 1 0 1 0

34

36 5 10 5 10 5 10 5 10 5 10 5 10 5 10

38 1 0 1 0 1 0 1 0 1 0 1 0 1 0

40 2 1 2 1 2 1 2 1 2 1 2 1 2 1

42 1 0 1 0 1 0 1 0 1 0 1 0 1 0

44 1 0 1 0 1 0 1 0 1 0 1 0 V

45

46 4 6 4 6 4 6 4 6 4 6 4 6 4 6

48 2 1 2 1 V

50 1 0 V

52

56

58

60

62

63

64 1 0 1 0 1 0 V

68 1 0 V

70

72 29 406 X 31 465 X 33 528 X 35 595 X 36 630 X 37 666 X 38 703 X

74 1 0 1 0 1 0 1 0 1 0 1 0 1 0

105 3 3 3 3 3 3 3 3 3 3 3 3 3 3

127 1 0 1 0 1 0 1 0 1 0 1 0 1 0

Total Connectivity 430 489 551 618 653 689 726

Steps 2 2 2 2 2 2 2
Step # 30 32 34 36 38 40 42

Table  C.3: Method 2 ( 2
STEP+)

35,7 14,25 40,2 44,42 50,41 43,55 40,123
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7,14 125,4
0

2,127 42,31 41,32 55,74 123,12

NODE # W C W C W C W C <> W C W C W C

1 1 0 1 0 1 0 1 0 1 0 1 0 1 0

2 1 0 1 0 1 0 V

4

6

8

10

12 1 0 1 0 1 0 1 0 1 0 1 0 1 0 V

14 3 3 V

16

17

18

20

22

24

25

26

28

30

32 1 0 1 0 1 0 1 0 1 0 V

34

36 5 10 5 10 5 10 5 10 5 10 5 10 5 10

38 1 0 1 0 1 0 1 0 1 0 1 0 1 0

40 2 1 2 1 V

42 1 0 1 0 1 0 1 0 V

44

45

46 4 6 4 6 4 6 4 6 4 6 4 6 4 6

48

50

52

56

58

60

62

63

64

68

70

72 39 741 X 42 861 X 44 946 V

74 1 0 1 0 1 0 1 0 1 0 1 0 V

105 3 3 3 3 3 3 3 3 3 3 3 3 3 3

127 1 0 1 0 1 0 X 46 1035 X 47 1081 X 48 1128 X 49 1176 X

Total Connectivity 764 881 965 1054 1100 1147 1195

Steps 2 2 2 2 2 2 2
Step # 44 46 48 50 52 54 56
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Table  C.3: Method 2 ( 2
STEP+)

12,5 31,29 29,27 25,67 Three step 73,71

5,1 29,38 27,46 67,43 38,73 71,105

NODE # W C W C W C W C W C W C

1 1 0 V

2

4

6

8

10

12

14

16

17

18

20

22

24

25

26

28

30

32

34

36 5 10 5 10 5 10 5 10 V

38 1 0 1 0 V

40

42

44

45

46 4 6 4 6 4 6 V

48

50

52

56

58

60

62

63

64

68

70

72

74

105 3 3 3 3 3 3 3 3 3 3 V

127 50 1225 X 51 1275 X 52 1326 X 56 1540 X 61 1830 X 64 2016

Total Connectivity 1244 1294 1345 1553 1833 2016

Steps 2 2 2 2 3
Step # 58 60 62 64 67


