Chapter IV
RESULTS AND DISCUSSICH OF RESULTS

This chapter describes the results from application of the
RTIM Model fo the Ban Map Pu-Ban Khai Feeder Road. Cbmparisons
of details have been made for construetion costs, vehicle opera-
ting costs and maintenance costs between the output of the Model
and the values estimated by VALLENTINE, LALURIE & DAVIES (1976).
Road deterioration in terme of roughress, which effects several
parameters of the Model, has been discussed. Time cost output
has also been compared with the avsilable data from T.P.O'SULLI-
VAN (1973). Finally, the components of the total transportation
cost of the study road have been shown both as non-discounted
costs and as costs discounted to their present worth in 1975.
Also, percentage splits of the total cost of transportation into
amortized construction costs, vehicle operating costs, and time
costs have been shown and comparison  was nmade with those found

by SINTHUSARN (1976).

Construction Costs

Detailed construction costs of Section I and Section II
as calculated by the Model, and summarized costs of the two sec-
tions representing the construction costs of Ban Map Pu-Ban Khai

Feeder Road, are shown in Table 16. Table 17 compares the con-



Table 16 Construction Coste Calcoulated by the Model, Baht
| Section I |  Section II Section I&II
Ttem \Quantity| Cost |Quantity| Cost Quantity| Cost

o B e’ E n’ .
Excavation 80,475 (1,450,166 (209,337 | 3,772,253|289,812 | 5,222,419
dmbankmernt 123,852 | 6,269,78%121,034 €,126,750/244,886 |12,396,13%%
Bartnwork cost 7,729,543 9,899,003 17,618,552
Site clearence cost|22.40 Ha| 122,¥70.38.61 Ha 216,579(61.C1 Ha 332,749
Shoulder coz? 29,133 [2,598,/664 1 29,744 2,653,214 | 58,877 5,251,878
Imp. susgrade 7,280 36&,513 (v 0 7,280 368,513
Subtease 9,230 82%,316 (0] C G, 230 823,316
Base course 22,49C 15,035,511} 38,313 | 8,578,280| 60,803 [1%,61%,791
PDSD 35250 | 3,439,280 5,569 5,893,074 5,813 9,332,354
Paverent cost 4,566,620 14,471,354 24,137,974
Drainage cost 3,000,849 8,228,072 11,288,921
Miscellzneous costs 2,940,680 5.415,052 8,355,732
e ] e >, 371,548 4,496,500 7,368,438
gela wonsitaetion 26,550,470 45,373,774 74,354 , 244
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Table 17 Comparison of Construction Costs of Ban Map Pu-

Ban Khai Feeder Road, Baht

vadq..q | By Linear Interpolation | Percent
iR By the Modul | % yIeD Bstimates Diff.
Earthworks 17,618,552 19,766,324 -10.9
Site clecarance 332,749 334,383 ~ 0.5
Pavenent aznd o P s Ve
Shgifm i 29,389,552 25,510, 240 +15.2
Drainage \ 11,288,921 11,288,921 -
Migscellaneous 83 355,/ 132 8,355,732 -
Design and 7,368 /438 7,178,116 + 2.6
supcrvision F2TT o
Totel 74,354, 244 72,433,716 + 2.6

struction costs of those calculsted by the Model with those ob-
tained by the use of linear irterpolation of the VL&D estimates

as described in Chapter III. Two problems arose from the appli-
cation of the lModel to the Ban Map Pu-Ban Khai Feeder Road. The
first problem was to put the miscellaneous cost data and drainage
cost data in terms of currency; these resulted in the figures
shown in Table 16. The constraints of the Model required that
only one pavement type be used in each computer run, but there
were several pavement types used in the VI&D designs for Section I
and Section II, so the second problem arose. Equivalent values

for the thickness of each pavement layer were calculated as input
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data to make the pavement quentities estimated by the Model to
be equal to those estimated in the V1&D calculations. The result
was that the pavement and shouldir cost from the Model was 15.2
percent overestimated. The chief reason for the difference is .
that the thickness of each pavement layer specified in the input
data was the thickness after compaction, whercas the Model cal--
culated the qrantitics using 2 compaction factor of 0.8 (from the
default option of its program) as a denominator. Thus, the guan-
tities obtained would increase 25 percent. If only one unit cost
of material were used, the cost of the pavement would accordingly
inercase by 25 percent. As there were different kinds of pave-
ment layers, and each had /its own unit cost as input data, the
excess pavement and shoulder costs could deviate in the range
from zero to +25 percent. < It is evident that VALLENTINE, LAURIE
& DAVIES (1976) estimated the pavement quantities without the use of
a compaction factor. If in the present study the pavement thick-
ness had been decreased to overcome the presence of the compaction
factor, the strength of the pavement, in term of thickness (which
was a factor controlling the deterioratior of the road), would
decreas« resulting in a shorter lifc of the road.

Fgquivalent widths of clzaring for Section I and Section II
were 14.0 m and 13.0 m, respectively, the resulting cost, combined
for the two sections, showed little difference due to the rounded

valucs of the input data. VALLENTINE, LAURIE & DAVIES (1976) did



not svocify clearing over the full right-of-way because of the
- anticipation of severe problems with erosion in the silty-sandy
soils of the route, and of the desire to perform only the necess-
ary ccnstruetion work. The enmount of clearing and grubbing was
calculated by a computecr pivcegramme using cross-seoctions at 100-m
intervals, so the prescnt study had to employ equivalent values
baccd on tiic total cest for the route of this items.

Tarthwork costs caleculated by the HModel would come out
different to the VL&D values because of the use of ground data
input to the Model instead of using values estimated from linear

interpoclation of the total certhwork cost for the whole route.

Vevertheless, the total construction cost calculated by
the lodel was quite close to the prorata estimate by VIL&D; there
was only 2.6 vercent differencc. The results obtained for cons-
truction costs were in good agreement with the research done by

SINTHUSARK (1976).

Road Detecricration

The deterioration relationships incorporated into the Model
were derived from Kenya field data, or from data of other sources
when the Kenya data were unsatisfactory or incomplete. The lModel
represented the deterioration rate in terms of roughness which
was expressed in mm/km measured with a fifth-wheel bump-integra-

tor towed at 30 kph. This roughness is a function of the pavement
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strength and the total cumulative traffic loading in millions of
cquivalent (8,200 kg) standard axles. The mean initial rdughness
a new paved road of surface-dressed type, which was used in the
present study, was taken as 2,500 mm/km. During the simulation
of the life of the road, roughness would increase with the in-
crease in number of cumulntive standard axles travelling along
the road. The Model considered that the paved road would fail
when the roughness exceeded 4,000 mm/km, and the relationships
used were valid beléw a cumulative loading of 2.5-million equi-
valent standard axles. The Model required that upgrading be

done if road deterioration reached its limit, otherwise the pro-
gram would terminate. In order to make sure that the 1life of the
study rozd would not cnd withir the analysis period, upgrading

as a maintenance operation was specified. The present study used
zn asphaltic concrete overlay (0.05-m. thick) as a means of up-
grading the deteriorated surface. The initial roughness for this
type of pavement was taken as 1,500 mm/km. Details of road dete-
rioration for Section I and Section II are shown in Table 12.

In Section I, roughness reached its limit of 4,000 mm/km inlthe
lith year. At that time overlaying took place and thence the
condition of the upgraded road was used; ie, restarting the ana-
lysis with an initial roughness of 1,500 mm/km and ignoring the
cumulative standard axles which had previously passed along the

road before upgrading. Certainly, this resulted in additional

maintenance cost and would have an effect on the vehicle opera-
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Table 18 Road Deterioration of Section I and Section II
Cumulative Millions
Standard Axles of Standard Axles R°E§I/1§$SS
Year _ gt BEnd of Year - _ il
Outward | Inward Outward | Inward %:gr ' ?gagf
Section I
3 38,452 38,452 0.04 0.04 2,547 2,595
4 41,229 41,229 0.08 0.08 2,645 2,696
5 43,776 43,775 0.12 0.12 2,750 2,803
6 46,553 46,553 Q417 D X' 2,861 2,918
T 49,100 49,100 Q.22 0.22 2,978 3,039
5 52,395 524395 0.27 0.27 3,103 3,167
9 55,865 55,865 0.33 0.33 3,236 3,305
10 59,217 59,2Y7 0.39 0.39 3+37¢ 3,450
11 62,570 | 62,570 0.45 0.45 34527 | 5,604
12 65,922 | 65,922 0.52 0.52 5,685 | 3,766
13 69,274 69,274 Q.58 0.58 3,851 3,936
14 73,202 73,202 Q.65 0.656 4,026 7, B L
i5 77,240 TT¢240 0.08 0.08 1,528 1,544
16 81,485 81,485 0.16 0.16 1,568 1,591
57 85,641 85,641 0. 24 0.24 1,616 1,640
Section II
3 27,882 27,882 0.03 0.03 2,519 2,539
5 31,796 31,796 0.09 0.09 2,602 2,624
6 33,871 58 S8R UBB2 0412 2,647 2,670
7 35,828 35,828 C.16 0.16 2,695 2,720
8 38,421 38,421 0.20 0.20 25147 25012
9 40,954 40,954 0.24 0.24 2,801 2,830
10 4%,480 43,480 0.28 0.28 2,860 2,890
11 45,902 45,902 0.33% 0.33 2,921 2,953
12 48,4735 48,435 0.38 0.%8 2,987 3,020
13 50,961 50,961 0.43 0.43 3,055 55091
14 53,835 53,853 0,48 0.48 3,128 o %8 1.5
15 56,934 56,934 0.54 0.54 5,204 3,244
16 59,807 | 59,807 0.60 0.60 5,285 | 35326
7 63,026 63,026 0.66 0.66 b 0 3,413

=
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ting cost, as will be described next. In Section II, the usable
life of the road continued until the end of the analysis period
and uvpgrading was not necessary. Table 18 a2lso shows that, be-
cause of the periodic surface dressing used as a2 maintenance
operation in the lModel, the road did not deteriorate seriously.

This effect is discussed in the section on maintenance.

Vehicle Speed

The relationships used in the Model for calculating the
speed for each type of vehicles are entirely dependent on road
characteristics. TFor a paved road, vehicle speed is a function
of =ltitude, rise and fall of road, horizontal curvature, and
road width}. For an unpaved road, the ¢ffect on altitude was
neglected by the Model, but additional factors on the moisture
content of the surface material and the rut depth (énother index
indicating the deterioration of an unpaved road) were included.
The Model calculated vehicle speed and fuel consumption for each
type of vehicle in cach direction as shown in Table 19. For the

two study sections in the present research, roadway widths were

1Vehicle speeds are expected to decrease as the width of the
road decreases. The results of earlier work in Kenya by ABAY-
NAYAKA (1974) showed that speeds were significantly reduced on
roads narrowcr than about 5 m so this effect was incorporated
into the Model. The reducticn of speed for light vehicles on
paved roads is greater than for those running on unpaved roads,
but for heavy vehicles the result is opposite to this.



Table 19 Speeds and Fuel Consumptions of Vehicles in

Section I and Section II by the Model

Section I
Lltitude (metres) 83.0
Rise of road | outward 5 Fall of road | Outward | 7
Vehicle type PC LT | HB MT HT ST
Average speed | outward 98 83 69 65 65 65
in km/hr [T invara 97 | =82 | 68| 65| o3| 63
Fuel consump~ | outward 29 NI« 278 | 275 | 327 | 355
tion L/1000km [ inyara | 130 | 207 | 292 | 289 | 336 | 369
Fuel consump- | outward 8.00. 5.03 [3.60 | 3.64 |[3.10 |2.82
tion km/L inward | 7.69 | 4.8% |3.42 | 3.46 [2.98 |2.71
Lvbricating oil \ 7 . 4.00 . P 4.00
consumption L/1000kmn R mtn oY) | 4400 14400 114.00 1€
Section 11
Altitude (metres) 39.0
Rise of road outward 2 Fall of road | outward 4
in m/km Steard 2 in  m/km Triera I 2
Vehicle type PC LT HB MT HT ST
Aver;}_:‘_j:e Speed I outward 101 85 71 67 67 67
in m/km [~ inward | 100| 84| 70| 65| 65| 65
tion L/1000km [ inwerd | 131 | 207 | 288 | 284 | 332 | 364
Puel consump- outward 8.00] 5.08 3-66 ZeT2 13415 2987
tion km/L inward | 7.63 | 4.83 | 3.47 | 3.52 | 3.01 | 2.75
Lubricating oil 1.20 [ 1.80 | 4.00 | 4.00 | 4.C0 | 4.00
consumption L/1000km ' 1 4
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greatcr than 5.0 m. Consequently, there was no speed reduction
dus to road width. The average fall of road in Sections I and II
was higher along the outward direction (increasing chainage) than
along the inward direction, but the average rise of the road was
lower =long the outward direction than along the inward direction.
Thus, the vehicle speed was higher in the outward dircction. In
order to obtain the components of vehicle operating cost, an aver-

age value of speed for each type of vehicle was determined.

Vehicle Operating Cost

The vehicle operating costs usced in this study comprise
the ccononmic costs of maintaining and operating vehicles on the
study road. Almost all of these data were based on VALLENTINE,
LAURIE & DAVIES (1976) costs, except for thc vehicle crew's time
cost and the passenger or cargo time cost which were obtained
from SINTHUSARN (1976). The Model divides road user cost into
two categories: vehicle operating cost and time cost. The vehicle
opcrating costs employed by the Model can be divided into two
groups. The first group -- comprising those which remain constant
throughout the analysis period -- consisted of fuel, lubricating
0il, interest and crew's time costs. The second group -- which
change for every year of analysis -- consisted of tyres, spare
parts, vehicle maintenance labour, vehicle depreciation, and over-

head and standing costs, as shown in Tables 20 and 21. The analy-



Table 20 Vehicle Cperating Costs for Section I, Baht/km
! T : |
Year | Fuel |cating| Tyres Pgrts_ﬁaint. cga- *est | Stand-| User
0il Labour $4on ing Cost
_ ‘ Cost

z 0.0129 0.1047 |0.0319, 0.4677 | 0.1159 1.2252

13 |, _ 0.0462|0.2335 | 0.0585/0.4545 | 0.1328|1.460
15 | 0-2720/0.0102) 5 6095 10.0314 [0.0107| 0. 4568 | O+ 2530 0.1043|1.1477
17 0.0032(0.0383%10.0130 0.450¢; 0.1045]1.1504
3 3.0359 . X315 10.0531]0.2115| 0.3477|1.7386
it _ 1 =2|0.0765|0.2716/0,0303 0.2085 | . __ 0.4022|2.0108
15 | 9-4322/0.0153/ 4 6152(0,0379|0.0172| 0. 2063 | O+ 1144 | 0.3098|1.5488
17 0.0152|0.0508(0.0228| 0.2982 | 0.3122]1.5611
z 0.0908|0.0654 (0.0348 c.33azi 0.5710| 2.8551
14 | A 0.1043|0.142610.0581|0.%320 . 0.5995|2.9974
15 | U-24481C.0%8C 60814 0.010810.0205 | 0. 3343 | 0-1725|1.0000| 0273515 77¢5
17 0.0823|0.0245|0.0126/0.329% 0.5439!2.7494
3 0.1962}0.428110.2050 0. 6034 0.8534 a.hg?g

3 . 0.22540.6793|0.3119/C.5414 | o 2ans 0.9407|4.703
15 | 9+598110.0340 ¢ 17600.360610- 1777|016 395 | 0~ 3978 0.8147(4.0734
17 0.1772/0.3783|0.1860|0.53C) 0.8195|4.0975
z 0.2611|0.6172|0.2563|0.5568 0.8095] 4.0482
18 |\ conxl m nean| 3-2993|0C.8636|0.3437|0.5622( . . 0.9044|4.5220
15 | 9-9293| 0.0240 5 2242 0-4599 | 0. 1965 | 0. 5605 | O+ 2540 0.7495|3.7480
17 0.2357(0.478%|0.2041 |0.5545 | 0.7554|3.7763
& . 2603 O D 5.5557 1 2.23034111.356¢S
g 0.354G|1.2691|0.0360/%.5353 1.0812] g5.755
L4 | 0.5313( 6.0340[ 7.3920] 7.3224 |0.5320(1.9752|1, 2940 c.50c0] 3.1858 | 15. 5277
0.3061|4.1978(0.3280(2.0130 3411131705
0.3094|3.3612|0.2620|2.2955 2.18565[10.932




Table 21 Vehicle Operating Costs for Section II, Baht/km
| Tuibrd veh. | Yeoh- ] Ohead | Total
UDI 1= ell. ota
geh. Year | Fuel |cating| Tyres Spare | yo4nt, |DEPre- Latex-i Crew Stand- User
yre | 0il Parts I abour cia- est Time b cost
i tion . ing
: v Cost | ;
PC 3 0.0194 |0.1027,0.0313|0.4677 0.1157 | 1.2730 |
0.2730|0.0102 =+ 0.2530! O |
17 0.0345 |0.1700| 0, 046610.4579 0.1245 1.3698 |
LT 3 0.0%21 [0.22689]0.0522[0.2115 l0.3462]1.7312 |
0.43050.0153 0.1144 | 0.4000C
17 | | 0.0571 |07 251610.0843 | 0.3991 0.3831|1.9154
v —_ | -
HB 3 0. 0905 0. 0681 0. 0341*0 5382 10.568212.8410
0.5354 | 0.0340 1 l0.1725|1.0000| |
17 0.098%10.110510.,0539 [0.3299 0.5836|2.9181
MT 3| | 0.1957 [0.4250]0.20370. 6034 0,8556 4.2782
0.5280|0.0340| P 0.3078/1.1250
17 0.212410.600210.280810,5379 | 10.9065|4.5327
HT 3 0.260%10.6127|0.2546|0.5568 | 10.8054|4.0268
0.6191|0.0340 | 0.2840|0.6000| f
17 0.2826|0.7734|0.31%8/0.5526 0.86494.3243
ST 8 0.%481| © o 16.6857 |2 38581 11.9269
: 1
9 | 0.5813{0.0%40/0.3500|1.1655|0.0879| 3.5353 |1.2940|0.5000 1.9120| 9.5600
17 10.3695(7.41411{0.5501|1.6756 3.1296i15.5d81
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sis period of the present study was 17 years. The first and se-
cond yecars were the construction period. The third year was the
first yeer in which the road was open to traffic, and the 17°B
year was the last year of the analysis period. As overlaying
took place in the l4th year on Section I, it was decided to show
the values of the components of vehicle operating costs in the

th th

14 years in Table 20. Vechicle type ST (Semi-trailer)

was forccasted to be in service on the study road in the Bth yeear;

and 15

therefore, this was used as the beginning year for this type of
vehicle. From these two tables, it may be seen that tyres, spare
parts and vehicle maintenance labour costs increased with the

value of roughness as previously described. As roughness decreased,
these costs decreased teoco, except for the vehicle depreciation

cost which was found to be influenced by the vehicle~age spectrum
predicted by the lodel. A comparison of the differences in vehi-
cle operating costs of Scction 1 and of Section II can be summa-
rized as follows.

There were no variations in lubricating oil, interest or
crew time costs as the relevant input data for these elements
were the same for the two sections. Fuel cost showed small
differences because of differences in the road geometry. Costs
for tyres, spare parts and vehicle maintenance were not greatly
different at the beginning year; but, in subsequent years these

costs showed larger differences because the deterioration of the
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two road sections was not the same. In Section I, overlaying
took place in the l4th year because the roughness exceeded the
limit set in the Model. Hence, without upgrading, the road

could not be kept in service. Tyres, spare parts, and vehicle-
maintenance labour cost decreased in the lBth year as a result

of the new roughness value associated with the asphaltic-concrete
overlay pavement. It should be emphasized strongly that the
better type of pavenment results in an important reduction in
vehicle operating costs.

In order to make a compariscn between the vcehicle opera-
ting costs predicted by the Model with those of VALLENTINE, LAU-
RIE & DAVIES (1976), the Srd—year costs of the representative
Section I were chosen. Table 22 compares the components of
vehicle operating costs for each tyve of vehicle at the same
range of spced. Fuel costs predicted by the Model for all
vehicle types were all higher than the VL&D values. This was
especially so for light trucks; a possible explanation is that
the. study vehicle used in Kenya to represent light commercial
vehicles had a 1,600-cc engine which is larger than the 1,300-cc
typical size of the VL&D study. O0il consumption costs predicted
by the Model were all higher. As this cost was simply oil con-
sumption multiplied by the unit cost of oil, the difference
came from the unequally predicted oil consumption values as

shown bhelow.



Table 22 Comparison of Vehicle Operating Costs Predicted

by the Model* with VL&D Study, Baht/km
Item PC LT HB MT HT ST
VALLENTINE, LAURIE & DAVIES
Speed (kph) 88.0| 80.0| 72.0| 64.0| 64.0; 64.0
Tuel 0.2173 | C.2302 | 0.3823 | 0.3904 | 0.4881 | 0.6758
0il 0.0090 | 0.0105 | 0.0200 | 0.0204 | 0.0204 | 0.0218
Tyres 0.0450 | 0.0509 | 0.08%6 | 0.1624 | 0.253%2 | 0.3545
Repairs and o _ -
g 0.1586 | 0.1889 | 0.3199 | 0.3546 | 0.5021 | 0.5441
Depreciation , NS = -
o SRkerest 0.7384 O.u,§¢ 0.4200 | 0.7175 | 0.6859 | 3.1586
Sub--total 1.1684 | 047769 | 1.2261 | 1.6457 | 1.9490 | 4.7550
Overheads 0 0 0.0475 | 0.072% | 0.0846 | 0,0846
Total 1.1684 [ C.7769 | 1.2736 | 1.7180 | 2.0336 | 4.8396
MODBT*
Speed (kph) 97.5 1/ B2.517°68.5] 64.0] 64.0] 64.0
Fuel 0.2720 | 0.4322 + 019444 | 0.5381 | 0.629% | 0.6915
0il 0.0102 | 0.£015510.0340 | 0.0340 | 0.0340 | 0.0340
Tyres 0.0199 | 0.0329 10,0908 | 0.1962 | 0.2611 | 0.3649
Repairs and PPN o - s
i i e 0.1366 | 0.1846 | 0.1042 | 0.6331 | 0.8735 | 1.3851
Depreciation ; = : =
sine Intenent 0.7207 | 0.3259 | 0.5107 | 0.9112 | 0.84C8 | 4.8293
Sub-total 1.1594 | 0.9909] 1.2841 | 2.5128 | 2.6386 | 7.3048
Crew time 0 0.4000 | 1.0000 | 1.1250 | 0.600C | 0.5000
g}c’g;;“l’gj Cosd 0-1159 | 0.3477 | 0.5710 | 0.8594 | 0.8096 | 1.9512
Total 1.2753 | 1.7386 | 2.8551 | 4.2972 | 4.0482 | 9.7560
Percent difference

Fuel + 25 + 88 + 42 | + 38 + 29 + 2
0il + 13 + 456 + 70 + 67 + 67 + 56
 Tyres - 56 ~ 35 + 9 + 21 + % H 2
Repairs and -
meintenance | = 14 - 2 ~.61 + 18 t 75 +154
Depreciation ’ ” , .
snd <irterestl = Z + 10 + 21 + 27 + 22 + 53
Sub~-total - 1 + 27 + 5 + 40 + 35 + 53
Total + 9 +124 +124 +150 + 99 +101

*Section I, 3T4d year of analysis

69
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0il Consumption in km/litrec

Vehicle Type

PC 82% 1,000
LT 555 770
HD 250 450
M 250 450
HT 250 450
ST 250 450

It is obvious that tyre costs predicted by the Model for
light vehicles werc lower; but, for heavy buses and medium and
heavy trucks their costs were slightly higher. JFor light vehi-
cles, tyre cost wes dominated by road roughness, but for heavy
buses a&nd medium end heovy trucks, tyres cost was influenced by
both the road roughncess and the gross vehicle weight. Costs of
repairs and maintenance, and depreciation and interest could not
be reasonably compared 2s there are differences in the methods

e

used by the Model and by VI&D. VL&D used average charccteristics
of each vehicle type for the analysis, but the lModel calculated

the characteristics of each vehicle type by using the forecast
traffic volume distributed into the vehicle-age spectrum. Obvious-
ly, this Model aims towards < rcalistic picture of the traffic.
There were differences in the treatment of other components of
vehicle operating cost between the Model and the VL&D study.

The Model included crew-time cost as a component in vehicle opera-

ting costs, and included the overhczd and standing cost for every
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Tl

tynve of vehicle. VL&D included the crew-time cost in addition

to the nasscnger-time cost, ond included the overhead coste for

henrvy commercial vehicles and buses. Thus, the overall ensemble

of vchiele coverating costs of the Model was higher than those of

VL&D as shown in Table 22.

Tdid /QGst

The Model enables the cost of passenger time (or cargo
time) to be separated frorm the vehicle operating cost. Journey
tines were found from the/road length and the vchiele specd
and thesc were used to cost the passenger's time. Differences
in the geometry of Section I and Scction 1Y resulted in different
vehicle speeds and in differences in time costs. The time cost
for Secticn I is higher because oi lowey spends which resulted

in lon.cr journcy times, as shown in Table 23.

Teble 2% Passenger Time Costs for Section I and

Scetion IT, Baht/ka

Vehiecle Tyvpe eetion I ! Section IT !
FO 0.3074 0.2995
k{5 0.1211 0.1180
HB 0.7329 0.7100
1T 0.1093 C.1059
HT 0.1093 0.1059
ST 0.1093 0.1059
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Ls data on the unit time cost for each vehicle type could
not be deduced from the reports of VALLENTINE, LAURIY % DAVIES
(1976), the prescnt study used date from SINTHUSARE (1976) and
comoared the 4ime costs as obtained from the Model with the values
suggested to the Department of Highways by T.P.O'SULLIVAN & PARTNIINS

(197%) shown in Table 24.

Table 24 Conmparison of Time Cost Predicted by the lodel

with the T.P.0'SULLIVAN Study, Baht/km

Vehicle Type (stgggi I) T.P.O'SULLIVAIT Di??gigzce
pPC 0.3074 0.3730 - L7
LT 0.1211 0.2240 - 46
HB 0.7329 0.8270 - 11
MT C.1093 0.164C - 33
134 0.1093 0.1640 - 59
3% 05,1093 0.1640 - 33

The time costs calculated by the Model werc all lower than
the valucesg from T.P.O'SULLIVAF. This is due to the Modcl assign-
ing crew time coet £s « component ¢f vehicle operating cost, thera-
fore excluding it from the time cost. An exception was made for
passenger cars becauvse there would be no crew time cost on this
vehicle type, so the present study underestinated this cost for
passenger cars. Nevertheless, as the time cost is entirely depend-
ent upon the data, if the same source of data were used, therc
would only be @ slight differences resulting from different values

of predicted speeds.



Road Maintenance Cost

Because thore were no data cvailable concerning standard
schedules and deteils for maintenance of rural roads, the present
study used =211 the packages for maintenance operations from the
" dcfault options of the Model and used plant-hire rates, labour
rotes, and moterial costs from SINTHUSARN (1976) whose date were
obtaincd from the Department of Highways. Table 25 and Teble 26
show the maintenance operations for Section I and Section II,
respectively, and thesc operations ere discussed in the following

paragraphs.
Shoulder maintenance

Shoulder mzintenance technigues used in the lModel are
based on the maintenance requirements developed in the MIT Model.
: = ¢ 5 g 1

Scetion I had unpaved shoulders with & paved surface of 4.5-m

width, thus the shouldcr maintenance required by the Modcl con-

114 wes noticed during the Kenys study (HODGES, 1975) that if the
width of the pavement running surface was greater than 6.5 m,
traffic rar2ly encroached on the shoulders except in emergencies,
whereas if the paved running surface was less than 6-m wide mony
of the lorrics travelled with their ncar-side wheel overlapping
the shoulder. The maintenance of the shoulders of rocads which
have & paved running surface wider than 6.5 m therefore consists
of vegetation control (usuully merely grass cutting) and, to
ensure adequate surface drainage, grading of the loose gravel
which accumulates a2t the edge of the paveuent.
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1d Maintenance Output of Section 1

74

' 1517
Tear Maintenance Cperations Cost 7 én?fdi
QB0 L
-5 | Shoulder mowine ares 72,000 m5 3,320
Shoulder grading area 76,800 n 1,722
Drainage maintenance 960 cu.m of sed- 10,072
) iment removed 2
Maintenance overheads 1;718 17,3752
- Ny
7 Light(surfuoce)patching|area 526.3 mj, 8,221
Heavy (base) patching|area 526.3 m5 15,961
Surface dressing area 104,000 m 412,141
, Shoulder mowing: avea 72,000 m5 3,820
shoulder grading area 76,800 m L, T22
Drainage maintenance S50 cu.m of sed- 10,072
inent removed i
Maintenance overheads 49,715 501,672
8--10 Same 28 in ycar 3 L0
11 | Light(surface)patchingiarea 1,262 me 19,699
ticavy (base) patchinglarca 1,262 m2 38,296
Shoulder mowing area 72,000 m2 3,820
Shoulder grading area 75,800 n2 1,722
Drainage maintenance $60-cu.m of sed- e
) 1 r'.p
iment removad 10,072
Maintenance overheads 8,007 81,706
12 | Iight(surfece)jitciingterea 4431 me 69,179
leavy (base) utChlﬂb area. 4,431 mg 134,501
Surface dressing area 104,000 m* 412,141
Shoulder mowing arcz | 72,000 m3 55820
Shoulder grading arez 76,800 me 1. fe2
Drainage maintenance 960 cu.m of ged- 10,072
iment removed
Mezintenance overheads 69,458 700,892
13 Same ag in yeor 3 17,522
14 | Overlay (volume of area 104,000 m? |6,971,120
materials 6,500 cu.m)
Shoulder mowing area 72,000 m? 3,820
Shoulder grading area 76,800 m? 1,182
Drainage naintenance 960 cu.n of sed- -,
) iment removed 10,072
Maintenance overheads ' ) 768,54117,755,275
15-16 Jame as in year 3 195352
T Mo road maintenance 0




Table 26 Recad Maintenance Output of Section IT

A e i
Ve ar Maintenance Operations CQSt ““?Fd}l
Cost ;é
3-6 | Shoulder grading area 118,800 m2 2,669
Drainage naintenance 1,762 eu.m of 18,696
sediment renoved
Maintenance overheads 24,350 S L
7 Surface dressing area 178,200 mn2 | 722,195
shoulder grading arca 118,800 m2 2,669
Drainage naintenancce 1,782 cu.m of 18,6956
gediment renoved
Maintenance overheads 81,792 11825, 552
o-11 same as in year 3 2550t
T T
12 | Surface dressing. I larea 178,200 m2 | 722,195
Shoulder grading area 118,800 m2 2,669
Drainage maintenance 1,782 cu.m of 18,696
sadiment removed
Maintenance overheads 81,792 | 825,552
13-16 Samc as in ycar 3 25,5
i B No road maintensnce 0




siasted of 2 single edge-grading each year (graded area was assumsd
2 3 !
to be 4,800 m“/km) end grass mowing, The number of grass mowings

r.guired by the lModel is one for every 500 mmn of annuzl rainfall,

[

and the complete width of the shoulder is ossumed to be at such
timeos. Scetion II had unnaved shouldere with a paved surface of
5.0-n width, thc shoulder maintenance us required by the Hodel
consisted of onc edge grading each year and no shoulder mowing

boeause the shoulders would be in service from time to time by

the heavy vehicles.
Drainage maintenance

The Model used the cquation from the MIT Highway Cost
Modol to estimate the 2mount of sediment to be removed each
yoar, as shown in Tables 25 and 26. This type of maintenance
was specified in order to kecp side drains and culverts in

good condition.
Patching

The Model assumed that the depth of all patching would
extend to the Bottom of the base layer of thc pavement and for
costing purposes, patching waes scparated into onc for the basc
materizl (Heavy base patching) and cnother for the surfacing
(Light surfece pstching). The amount of patching is assumed to
be independent of road width for two-lane roads wider then about

5 metres. Ls it is unlikely thet paved roads would be designed
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with widths less than 6 metres, patching was assumed in the Model
to be independent of road width, Whenever pavement cracking ex-
ceeds 5 m/m2, the Model decrees that patching is needed. In Sect-
jon I the Model predicted that patching would be required in the

7th, llth, and 12th years.

Surface dressing

The present study used re-surface-dressing as the mainte-
nance policy, so the Model would provide the study road with this
type of maintenance whenever one of the following limits was
exceeded:

2) the mean cracking in the wheel tracks on either side

of the road reached 1 m/m2;

b) five years had elapsed since the previous surface

dressing; or

c¢) the traffic loading since the previous surface dress-

ing reached l.5-miilion equivalent axles in either
direction.

The Model predicted that the limit of time would be ex-
ceeded first for both Section I and Section II. Therefore,

surface dressing would take place at five-year intervals: the Tth

and l2th years.
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Overlaying

The data obtained in Kenya indicated that the amount of
crocking was approximately a linear function of the traffic load-
ing, prior to its value exceeding 3 m/mZ. Therefore, the Model
used this limit 28 & threshold condition at which overlaying
would be required for a pavement which was not re-surface-dressed
under routine maintenance. The present study specified re-surfacc-
dressing as part of the normal maintenance policy, so the average
cracking wes not allowed to cxceed 1 m/m2. Then the limit of
roughriess became the threshold condition at which an overlay
would be fequired for tﬁo pavement. A roughness value of 4,000
mn/km was used in the present study as a maximum limit for both
Section I and Section II. The Model predicted that only Section I
would rcaoch this roughness limit. This would occur in tne l4th
yecar ~t which time overlaying would be carried out to extend the

life of the road.
Overheads and supcrvision costs

The overheads and supervision costs used in the liodel were
taken as a percentage of the total maintenance cost for complete-
ness of the program. The present study used 11 percent for this

item for both Section I and Section II.
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Comparison of road maintenance costs

The cost of maintaining bitumen roads suggested by VL&D
for the Ban Bung-Khai Feeder Rozd can be listed under the follow-
ing four headings.

(1) General maintenance of right-of-way, clearing drains,
cutting grass, repairs to road furniture, lane markings, etc.
These costs are fixed ner kilometre of road; they are dependent
upon the general topography and climeabic conditions. Therefore,
they are not related to the smount of traffic using the road.

(2) Mzintenance of shoulders; the shoulders of bitumen roads
in Thasiland are frequently of lateritic or gravel materials.

As a result of vehicles encroaching onto the shoulders from time
to time, some material is lost, so replacement of material and
rechaping is required. These costs were based or the predicted
amcunt of encroachment by vehicles for various traffic volumes
and carriageway widths.

(3) Maintenance of the bitumen surface such as repair oT pot
holes and damaged carriageway edges. The cost of repairing pot
holes (the same as patching of the llodel) was used as a fixed
cost, but the cost of edge maintenance is related to the volume
of traffic and the carriageway width as shoulder maintenance in
item (2).

Totalling thece three items of cost -- using the estimated

labour, plant, and materials requirements for the conditions



existing in the route corridor -- resulted

VI&D of the following formulas.

Road Class

(4)

Fs

¥

where

C

&0

il

Carriageway Width
6.5 m

6.0 m

li

road in Baht/km

in determination by

Formula

7,900 + 0.30

I

7,900 + 0.4Q

econonic cost of maintenance of bitumen

number of vehicles per day, excluding

motorcycles, using a road

Periodic resealing of the surface: it was neccssary to

80

determine the frequency with which resurfacing should take place

and the following periods of surface treatment werc used.

When the traffic at the time
vpdl, the provision of a 25-mm thick
concrete is used at intervals of 12
and Section II did not exceed 3,000

surface dressing for these sections

follows.

Up to
From

From

For primed and double surface
250 vpd -

250-500 vpd -

500-1,00C vpd -

From 1,000-3,000 vwvpd -~

dre

7

Eas \n o

years.

ssed roads

year
years
years

years.

wearing coursc of bitumen

of resurfacing exceeds 3,000

The ADT of Section I

vpd, therefore the costs of

were determined by VLXD as
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Rozd Class Carriageway Uidth Surface-Dressing Cost,

Baht per km
N 6.5 1 100,000
F3 6.0 n 93,000

Table 27 shows the calculated annual maintenance costs of

Section I and Section II using the formulas proposed by VI&D.

Teble 27 Calculated Annual Maintenance Cocts of Section I and
Section II Using Tormulas Proposed by VL&D, Baht
[ Cost Items Cost Item| , - L
Year ADT (l)+(2)+(3) (4) Annuaal Cost Total Cost
Section I  (16.0 kn)
13979 574 129,155 - 129,155
1980 548 129;910 - 129,510
1981 720 129,855 - 129,856
1982 794 130, 21) - 150,211
1983 867 130,562 1,600,000 1,130,562
1984 9473 130, 926 R 130, 926
1985 | 1,040 131,292 - 131,392
1686 | 1,135 131,848 = 131,848
1987 | 1,232 132,314 1,600,000 d, 752,314
1586 | 1,328 132,774 - 122514
1989 | 1,425 | 133,240 - 133,240
1990 | 1,552 133,850 - 133,850
1991 | 1,681 134,469 1,600,000 | 1,734,469
1992 1 1,811 135,093 - 155,093
1993 | 1,941 10554k 1% - 135,717 6,780,917
Section II (29.7 km)
1979 464 240,142 - 240,142
1980 548 241,140 - 241,140
19€1 531 242,126 - 242,126 :
19&2 715 243,124 - 24%,124
15673 797 244,098 2,762,100 3,006,198
1984 882 245,108 - 245,108
1985 | 1,003 246,546 - 246,546
1987 | 1,24¢% 249,421 2,762,100 34 013.,521
19¢8 | 1,365 250,846 - 250,846
1925 | 1,487 252,296 - 252,296
1990 | 1,653 254,268 - 254,268
931 | 1,823 256,287 2,762,100 3,018,387
1992 | 1,990 258,271 - 258,271
1993 | 2,161 260,303 - 260,303 | 12,018,259
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Table 28 compares the total maintciznce costs of the Ban
Map Pu-Ban Khai Feeder Road. It can be seen that the maintenance
cost predicted by the Model displayed a higher value for Section I
(resulting from the cost of overlayinz: 7.75 millions Baht), a
lower value for Section II, and a lower value for the combination
of Sections I & II. Excluding the maintenance cost of periodic
surface dressing and overlaying, the annual maintenznce costs
vredicted by the lMfodel (shown in Table 29) were less than one-
seventh of those obtained using the VI&D method (shown in Table 27).
Maintenance operations for both the lModel and the VI&D method
seem to be carried out similarly, but the costs displayed large
differences. Discussion of these differences could not be rea-
sonably made as there were no deta:ls about the components of

maintenance operations deseribec by VI&D.

Toble 28 Comparison of lMaintenance Costs of Ban Map Pu-

Ban Khai Feeder Road, Baht

Item Section I Section II Sections I & .IT
ilcdel 9,212,865 1,83%5,284 11,148,149
VIL:.D liethed 6,780,917 12,018,259 18,799,170

Percent '
difference +35.9 - =83%.9 -40.7
from VL&D




Total Transportation Cost

The total cost of transportation is made up of the road
cost and road user cost. Roed cost consists of amortized constr-
uction cost and the annual maintenance cost. Road user cost
consists of the annual vehicle operating cost and the annual
time cost. The analysis of the Ban Map Pu-Ban Khai Feeder Road
was carried out for a period of 15 years, excluding the two-year
construction period which wéa xssumed to be 1977 and 1978. Fifty
percent of the oonstructioh costs werc assigned to cach of these
two years. All the unit rates applied in the analysis were
referred to August 1974 prices in tern of economic rates. The
discount rate uscd was 12 percent; and this was the same as the
ratc of interest on borrowed capital to purchase a vehiclc.

Table 29 gives brezkdowns of the total transportation costs for
Section I and Section II; the combination of thcse two sections
is shown in Table 30. All costs were converted to their present
worth at thc beginning of 1975 with 12 percent discount rate as
shown in Table 31, 32, and 33 for Section I, II, and their combi-
nation, respectively. It is obvious from Table 33 that the main-
tenance cé;t of the Ban Map Pu-Ban Khai Feeder Road is only a
small portion (about one percent) of the total transportation
cost; construction cost is about 21 percent; and road uscr cost,
including time cost, is the highcst portion of 78 percent.

Research on this RTIM Model was recently conducted for a primary



Table 29 Total Transportation Cost of Section I and Section II

Baht
| :

Year|Construction|Maintenance|Vehicle Operation Time
Section I
1977| 14,490,235 — = : -
1978| 14,490,235 = = -
1979 17,332 9,569,600 864,929
1980 17:53%2 10,626,128 1,003,480
1981 17532 11,586,255 1,138,200
1982 179258 12,561,636 1,276,152
1983 501,672 154,514,055 1,412,180
1984 17,332 14,660,670 1,553,164
1885 1= 52D 16,010,137 1,712,682
1986 1753532 el 9 2129230 1,870,854
1987 81,706 18,810,603 2,030,442
1988 700,892 20,271,024 2,190,409
1989 Yl /352 21,809,884 2,349,996
1990 14,755,275 23,772,626 2,559,495
1991 17,332 21,209,008 2,775,069
1992 174332 22,709,035 2,986,621
2995 0 24,158,457 3,202,833

28,980,470 9,212,865 258,641,506 28,927,106 |

8. 90% >.85% 79 39% 8.86%

Total cost =.325,761,947
Section II
1977 22,686,887 - - -
1978| 22,686,887 - - -
1979 255119 1%,498,887 1,300,554
1980 Lnina 15,380,714 1,583,429
1981 25y 119 17,072,262 1,863,057
1982 25, 145 18,689,108 2,143,853
1983 825,352 20,263,011 2,422,183
1984 23,715 22,161,646 2,706,074
1985 23,715 24,625,838 3,074,288
1986 23:715 273091!526 3,449:050
1987 23,715 29,563,200 3,812,813
1988 825,352 32,028,842 4,179,747
1989 23945 34,620,336 4,557,756
1990 23,715 48,156,315 5,065,091
1991 23,715 41,765,395 5,585,796
1992 23,715 45,229,520 6,094,409
1963 0 48,900,298 6,616,262

8.55% 0.3%6% 80.8%% 10.26%
Total cost 530,810, 298




Table 30 Total Transportation Cost of Ban lMap Pu-Ban Khai

TFeeder Road (Section I&II), Baht

Year| Construction|Maintenance|Vehicle Operation Time
ST ST+LliTnled - - =
1978| 37,177,122 - - X
1979 41,047 23,068,487 2,165,483
1980 41,047 26,006,842 2,586,909
1981 41,047 28,658,517 39001 525
1982 41,047 31,250,744 3,420,585
1933 1,327,024 33,777,064 3,834,363
1984 41,047 56,822,316 4,259,238
1985 41,047 40,635,975 4,786,970
1586 41,047 44,463,916 5,319,904
1987 105,421 48,373,803 5,843,255
1583 1,526,244 52,299,866 6,370,156
1990 7,778,990 61,928,941 7,624,586
1991 41,047 62,974,403 8,360,865
1992 41,047 67,938,555 9,081,030
1965 0 73,058,755 9,819,095

74,354,244 |1Y,148,149 687,688,404 83,381,448

8.68%% 1.30% 80. 28% 9.74%

Total cost

= 856,572,245




Table 31 Total Transportation Cost of Section I, Present Worth

in 1975 (12% discount vrate), Baht
e, Cumulative

" Construc-~ Mainte- Vehicle =

Tear tion nance Operation e 2:;2:9' nggigizn Time

1977 | 10,313,884 - - - - - -
| 1978 | 9,208,831 - -~ - - - B

1979 9,835| 5,430,068 (490,786 9,835 | 5,430,068 490,786

1980 8,781| 5,383/553) 508,397 18,616 | 10,813,621 999,183
| 1981 ,840| 5,24Y,0621 "514,867 26,456 | 16,054,683 | 1,514,050
| 1982 7,000| 5,073,465) 515,662 33,456 | 21,128,148 | 2,029,712
| 1983 180,909| 4,87%,335| 509,250 214,%65 | 26,001,483 | 2,538,962
| 1984 5,580} 4,720,378} 500,081 219,945 | 30,721,861 | 3,039,043

1985 4,983] 45602,5701 7 492,359 224,928 | 35,324,431 | 3,531,402

1986 4,449 4,459,098} 480,206 229,377 | 39,783,529 | 4,011,608
| 1987 18,725 4,310,946| 465,328:7 248,102 | 44,094,475 | 4,476,937
| 1988 143,418| 4,%47,895( 448,206 391,520 | 48,242,370 | 4,925,143

1389 3,167 3,984,627 429,340 394,687 (| 52,226,997 | 5,354,483

199C 1,265,068| 3,877,8741 417,514 11,659,755 | 56,104,871 | 5,771,997

1991 2,524}, 3,089,009} ..404,178|.1,662,279 | 59,193,880 | 6,176,175
[ 1992 2,254 2,953,110 388,384 1"1,664,533 | 62,146,990 | 6,564,559
| 1993 Q 2,804,997 371,875 | 1,664,523 | 64,951,987 | 6,936,434

19,522,715|1,664,533|64,951,987|6,936,434 | Total cost = 93,075,669
20.98% 1.79% 69.78% T.45% 100%

98




Table 32 Total Transportation Cost of Section II, Present Worth
in 1975 (12% discount vate), Baht
Cumilative
Year Cozitruc» Mainte- OWEhiCIe Time Mainte-| Vehicle iy
== - Hanoe ) nance Operation s
1977 | 16,148,110 - - ~ - - -
1978 | 14,417,965 - - - - - -
1979 13,457 7,659,660 737,972 13,457 7,659,660 137,912
1980 12,015 7,792,387 802,218 25,472| 15,452,047| 1,540,190
1981 10,728 7,722,667 842,757| 36,200| 23,174,714| 2,382,947,
1982 5,578 7,548,263 865,863 | 45,778| 30,722,977| 3,248,810
1983 297,632 T4307,085 873,469 |343,410| 38,030,070 4,122,279
1584 7,636 7+135,509 871,290|351,046| 45,165,579 4,993,569
1985 6,818 7,079,399 8835792 357,864 | 52,244,978| 5,877,361
1986 6,087 65,353,780 8854293 363,951| 59,198,758 6,762,654
1987 5,435 6,775,188 873,807 |369,386| 65,373,946| 7,636,461
1988 168,885 6,55%,803 855,268|538,271| 72,527,749| 8,491,729
1989 4,353 6,325,073 832,6941542,604| 78,852,822| 9,324,423
1990 3,868 6,224,192 826,235 |546,472| 85,077,014(10,150,658
1991 3,454 6,082,967 813,549(549,%26| 91,159,981|10,964, 207
1992 3,084 5,881,701 792,524|553,010| 97,041,682|11,756,731
1993 O 55677, 730 768,203|553,010|102,719,412(12,524,934
30,566,075 | 553,01C | 102,719,412 | 12,524,934 |Total cost = 146,363,431
20.88% 0.38% 7C.18% 8.56% 100%

L8



Tebls 33 Total Transuortation Cost of Ban Map Pu-~Ban Khai Feeder
Road, Present Worth irn 1975 (12% discount rate), Beht
Construc-| Mainte- | Vehicle > 2 Cumulgtlve
Year . Time Mainte-| Vehicle :
tion nance Operation nance Operation Time
1977( 26,461,935 = 7 N - - =
1978 }!626:795 = Y/ \R - = =t
1579 23,292 | 13,089,7289471,228,758 23,292 12,089,728| 1,228,758
1980 20,796 | 13,175,940 11,510,615 . 44,088| 26,265,668 2,539,373
1981 18,568 | 12,963,729173,357, 624 62,656 39,229,397 3,896,997
1982 16,573 | 12,621,728 ;381,525 19,234| 51,851,125 5,278,522
1983 478,541 | 12,180,428+=%5382,719 557,775| ©4,031,553| 6,661,241
1984 13,216 | 11,855/887 195971373 570,9391| 75,887,440| 8,032,612
1985 11,801 | 11,681,969 1,376,151 582,732| 87,569,403| 9,408,763
1386 10,536 | 1% 412,878| 1,365,499 593,328| 98,982,287|10,774,262
1987 24,160 | 115086,1341 1,359,136 617,488(110,068,421|12,113%,398
1988 312,303 | 10,701,698 1,303,474 329,79%911120,770,119|13,416,872
1989 7,500 10,309,700 1,262,054 937,291|131,079,819(|14,678,9C6
e ele: 1,268,93%64,10,102,066) 1,243,749.|.2,206,227|141,181,885|15,922, 655
1991 5,9781'"9,171,976 2,217,727 2,212,205|150,353,861|17,140, 382
1992 5,338]| - 8,8%4,811| 1,180,908 | 2,217,543|159,188,672(18,321,290
1993 0 8,482,727| 1,140,078 2,217,54%|167,671,399|19,461,368
50,088,79C| 2,217,543 [167,671,399|19,461,368 | Total cost = 239,433,100
20.92% C.92% 70.03% 8.13% 100%

212
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highway in Thailond by SINTHUSARN (1976). His onalysis led to
the following conclusion.

"Vohicle opcrating costs over a nine-year period of servieco
were found to be about 85 percent, road maintenance costs less
then 1 perecent, and construction costs about 15 percent of the
totel cost of transportation.”

Trom the preceding quotation, it may be seen that percen-
tnge of vehicle operating cost was higher for the primary highway
than for the feeder road studied in the prescnt rescarch. The
differences in percentage apportionment:iof total cost of transpor-
tion may be analysed as follows.

Tig. 6 shows the postulated relationships between the an-
nusl cmortized construction and road maintenance cost, the annual
vehicle operating cost, and isopleths of traffic volume (Tl, Tss
.....Tn). Line P represents the minimum amortized cost at which
a road could be constructed. and maintained. Point X represents
the value of vehicle operating ccst for traffic Tl on a road
annually costing amount Cc' line 7 represents the lower limit
of vehicle operating cost which would result from Tl vehicles
travelling along the best quality road of the lowest standard.
It is known that the best quality of road would require the
expenditure of the highest level of road cost. However, as the
amortized rosad cost increases, it is postulated that the vehicle
operating cost decreases. For exaumple, in Section I of the

study road in the present research, the expenditure of an addi-
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Venhicle Cpera

Increasing road stana:-
ard to cope with higher
traffic volumes.

Co

LINE Q

Road Cost

Fig. 6 Vehicle Operating Cost and Road Cost Curves



ticnal road cost for an z2sthaltic-concrete overlay on the exist-~
ing suriace--dressed pavenent resulted in s reduvction of vehicle
operating coot. Ifzﬁc, zn additional rosd cost, were spent te
upgrade the road, the new relstionship between road cost and
vehicle operating ccst would be represented by point Y. It is

believed that the locus of peints X....Y is hyperbolic with line

Q as one of its asyuptotes.

e T Vehicle Operating Cost = Co (1)

A% polnt, & Total Transportation Cost ~  Co+Cp
l - yRETY ¢ 1 u + FAN -~
56 nEEGE ¥ Vehicle Cperating Cost Jo+S(ag) (2)

Total Transportation Cost ~ Co+S{ag)+Cot+te

wnere O = slope/ ol theisgcant connecting X and Y, and

O = additional road cost.

To compare Eq. (2) with BEg. (1), we can writes

Co=1J _
ity —.0 as.j —= (p

Co
and - = 0 as ¥ —mm o
Cot+Cotk - ER

Se, increasingly negative values of 8(o,) (represented
by j), and incressingly positive values of &g (represented by k),
woula l¢ad to point ¥ having o lower ratic of vehicle operating
cost to total transpertation cost than point X for the descend-
ing vart of any of the curves shown in Fig. 6. That is, the

ratic decreases, for a given volume of traffic, as the quality
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of the road improves. Thus, for a given volume of traffic, it
would be concluded that a higher road cost would result in &

lower ratio of vehicle operating cost to total transportation

The descending property of the curves shown in Fig. 6
ariscs from the notion that a better quality road (having a
higher road amortization cost) would result in a lower vehicle
opaerating cost for a given voluwe of traffic on that road.
While this is probably true for moct situztions, it way not be
gencrally true. For exszmple, if the chief gain rendered by the
better quality road were an dincrease in the operating speed of
vehicles, there could result a positive-slope relationship
batween road cost and vehicle opcrating cost. This could stem
froz occupants' time having a low value, coupled with z high
cost of fuel (the consumption of which increases with speed) .
However, for Section T of the present study road, overlaying
with asphaltic-concrete pavement in the l4th year resulted in
g substantial reduction in wvehicle operating cost. Thus, the
notion of a descending ( negative slope ) curve is applicable
to the Ban Map Pu-Ban Khai Feeder Road. In the previous study
of & primary highway (SINTHUSARN, 1976) large values of traffic
growth in the latter portion of the analysis period seem to have
masked the beneficial influence of large expenditures for pave-

ment upgrading. The comperison between the feeder road with



Sinthusarn's primary highway is further complicated by the addi--
tion of the value of time to the vehicle operating cost in these
anslysis. Honetheless, the ratio of (veh.op.cost + time cost)/
(total transp.cost) for both the fecder road (78%) =nd the pri-
mary highway (87%) are remarkably closc.

Viohicle operating cosgt is directly proportional to the
amount of traffic forecast to travel or the road. Cenerally,
road class is associsted with #reffic volume; thus, & higher
standard road would basically bausged for & higher traffic vol-
ume. Thusg, the relationship between vehicle operating cost and
amortized road cost for a/ given level of traffic volume would
likely be one of & fawily of ¢urves as shown in Fig. 6.

It is recommended that further research be conducted on
the consistency of the ratic of vehicle operating cost to total
tranportation cost for primary highways and fecder roads.

Of ccurse, the main *thrust should be to provide guidance in
selecting a road planning strategy that would minimize the
denominator of Eq. (2), (thzt is, to minimize the total transp-
ortution cost). This occurs where S is at its greatest negative
value for a given level of troffic in the postulated relation-
ships, which themselves need further study.

Nevertheless, the use of the RTII llodel in the present
reaearch rcsulted in a reasonable apportionment of the total

transportation cost. An analysis by WINFREY (1969) led to the

2z



following conclusion:

"flotor vehicle operating costs as a whole are azbout 88

14

‘cent of the total highway transporteaticn cost; the highway

ol
I

cost accounts for the remaining 12 perccnt. “hereforec, motor
vechicls operating costs are the key factor in the analysis of

highway transportation costs.”
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