CHAPTER VII

RESULTS AND DISCUSSION OF RESULTS

This chapter is concemed with the results of applying the RTIM to
the Saraburi - Lomsak Highway. Comparison was made of the construction
costs determined by the mocel to the actual construction contract. Sensi=
tivity of some items of construction cost (eg, earthworks) were studied
with respect to their principal variables (eg, side slopes). Comparison was
made of the vertical alignment generated by the model with the engineer' s
design, with especial attention being paid to contruction cost as a figure of
merit, The results of the vehicle operating costs eomprise. @ comparison
between the costs generated by the model and podduser costs in Thailand ob-
~ tain from T.P.O'SULLIVAN & PARTNERS (1973). Review was made of the
basic maintenance policy incorporated in the model with respect to the
fraction of the total annual cost of transportation, the components of which
are maintenance cost of the hichway, amortization of the highway invest=
ment, and vehicle ogerating cost. Economic analysis and simple sensitivity
analysis of the model to traffic growth and capital discount rates was carried

out over appropriate ranges of these variables,
Construction Costs

Construction costs were available from the Final Report ( DE LEUW,

CATHER, 1970) that the consulting engineer presented to the Departmont of
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Highways. However, the costs shown in the final report were not always
in the form required by the model ; supplementary information was obtained
from the consultants and the Department of Highways., All costs are in
Thai Baht and details of the costing are given in Appendix D Table D1,
Table 20 gives o breakdown of the construction costs estimated by the model
and compares them with those of the actual conrrucf.] Table 21 shows the
subdivision by percent of total cost of the construction costs estimated by
the model and those of the actual contract.

As can be seen, the construction costs estimated by the modelare
in good general agreement with those of the contract. Earthworks costs are
lower and several factors probubly account for this; a discussion of the
estimates of earthworks costs produced by the model appears latter in this

Chapter.

The site cledrance cost was underestimated by the model, probably
due to the cleared area being widened on the inside of horizontal curves -ro
improve driver visibility, The model has not taken acount of this extra
cleating.

Where the road location pussed over unstable “soilsy an extra pavement
layer of improved subgrade was incorporated into the design. The thickness

of this layer varied, depending on the subgrade material, Where sections of

VThe reader is reminded that the present study dealt with only the
southern portion of the Saraburi = Lomsak Highway, a segment of 66.6 route
kilometers. ' o =
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Table 20 Construction Costs for the Saraburi = Lomsak Highway (Thai Baht)

Cosis from the model %

ltern Section 1_| _Section 2| Seciion 3 | Section 4 Totai | Conirzct of:
[ (0.8km) | (14.1km )| 4.8km) | (26.9 km)| (66.6kin}| cinount i L
Sitc clearance 24,048 473,740 833,280 903,840 | 2,237,928 | 2,348080 | - 4.4
Earthworis 278764 | 6,183,926 {19,795.900 (10150338 | 36408923 | 41,142,878 | ~11,6
Pavement 1,683569 | 7,867,892 [13,673740 (15048532 | 38493733 | 37,196730 | + 3,3
Shoulders 156021 | 1,821,881 | 3204408 | 3475749 | 8658039 | 8324141 [+ 3,2
Culverts - 47V A38 | 526242 | 476,948 | 1,474,628 | 1,734620 | -15.0
Sub = total | 87,273.256 | 9,848,449 | - 3.9

Sridges. 394,056 | 1,240496 | 6,084,843 | 6250,735 | 13,970,120 | 12,970,130 -

Miscellaneous | 709457 | ~ 594,565 | 1,008200 | 1,094,925 | 3407,147 | 3407147 | =
Total 3,248915 | 18,673,938 45326513 137,401,067 104,650,533 108225726 | - 3.3

Table 2] Percentage Subdivision of Construction Costs for the Saraburi = Lemsal

Highway
ltem From Medel, % From Contract, % !
Site cledrance Zal 221 :
Earthwerks 34.8 38.1 ]
Pavement 36.8 34,4 |
Shoulders 8.3 7.7
Culverts 1.4 1.6
Bridges 13.3 12,9
Miscellaneous 3.3 3.1
Total 100.0 100.9
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the road location pass over different soils, estimates were made of the average
thickness of the added improved subgrade layer; it is probably this avercging
that led to the small error in the pavement cost.

The small errcr in shoulder costs likely occurred because the model
assumes that the shoulders are of constant thicknass whereas, in the design,
they are tapered,

The largest error which occurred is that for culverts, This cost is made
up of two parts: crossflow drains at regular intervals and culverts for minor
river crossings. Errors appear for several reasons. The model uses Talbot's
formula for estimating the flow at the river crossings; the method used’ in the
engineer's design is another method which is dascribed in Chapter IV and is
likely to kave produced o different value of stream flow. In the design -
contract, minor river are carried under the roadway in concrete pipes; the
model assumes that these are corrugated metal pipes. The headwalls assumed
by the model are not of the sume design as those used in the contract.
Finally, the lengthsof culverts depend on the heights of embankments, and
the model only takes un average value of the length of these pipes.

In the present study, the cut slopas and fill slopes were varied to
determine the degree of sensitivity of earthwork volume to various slopes.
Earthwork volumes were found to be extremely sensitive to the cut and fill
slopes. The results of varying these slopes are shown in Table 22, The
terrain through which the study section of the Saraburi =Lomsak Highway is

situated varies considerakly, Section 1 is very flat. Section 2 lies in



Table 22 Sensitivity of Earthworks Volume to Side Slopes
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ltem Section 1 Section 2 Section 3 | Section 4

(0.8 km) (14.1km) | (24.8km) (26.9km)
. 3 10,112 2,634 365,034 136,387
Excavation, m (1:2,0) (1:2,0) (k: 0.5) (1:2,0)
(Cut slope)! 11,336 3,116 420,709 | 169,692
(1:2.,5) (1:2.5) (1:0,8) (1:2.5)
37 319,839 | 433,184 | 314,414

Exbankment, m (1:2.0) (1:2,0) (1:2.0) (1:2,0)
(Fill Slope)! 40 348,990 | 541,480 | 342,159
(1:25) (1:2.5) (1:2.5) | (1:2.5)

Cut and fill slopes are shown as rise:run
slightly rolling ground, Secticn 3 is in very rugged terruin with deep rock

cuts: and high embankments. Section 4 is in mederately rolling to flat terrain,

Average Side Slope for Rock Cuts

The design for study Section 3 of the Saraburi = Lomsak Highway,
portions of which are in deep rock cuts, called for benched cuts which are
shown in somewhat simplified form in Fig.15. As RTIM can accept only a
single value for cut (or embankment) slopes, it was necessary to synthesize a
single =valued side slope for the benched section. This was obtained by an
analysis of the cross = sectional areas. Because of the peculiarities of the

design section, several depths of cut were studied with the results as follows.
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H, met Equivalent Single =value Side Slope
(rise : run)
) I:1
8 1: 0,67
10 1:0.92
12 1:0,85
14 1:0.80
16 1:0.75

From the foregoing results, selection of 1:0.8 was made for the

equivalent single = value side slope for study Section 3.

From Table 22 it can be seen that changing the cut slope from 1:0.,5
to 1:0,8 for the deep rock cuts occurring in Section 3 changed the volume
of excavation by about 15 percent. For the other route sections, a changa
in the cut slopes from 1:2,0 to 1:2.5 for earth cuts changed the volume of
excavation by 12 to 24 percent, ‘dupending on the terrain in the three sections.
Changing the fill slopes from 1:2,0 to 1:2.5 changed the embankment
volumes by & to 9 percent, ulso depending on the ferrain in Sections1, 2,
and 4. As shown in Table 21,earthwork cost was about 38 percent of the
total construction cost for this project. Due to this high proportion, substantial
errors can appecr in the total construction cost: if the cut and fill slopes are
not worked with care, The mocel assumes constant side slopes for embankments
and excavations. In the engineer' s design, the fill slopes depend on the
height of embankment and the stability of soil ; the cut slopes are benched to

increase the side slope stability and improve the druinage of deep cuts.
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Furthermora, Section 1 and Section 2 designs required the removal of
much unsfalz;le soil prior %o constructing embankments. Such factors in the
dasign i represent substantial extra costc for excavation and embankments,
this led to the modal estimating lower earthwork quantities and costs than
those which occurred durirng the actual conziruction of the highway.

Fig 17 shows the cumulative volumes of earthwork for different side
slopes for the whole study section.

In general practice, e~rinwork costs are calculoted. from® the mass: haul
diagram. However, in Thailand only the unit cost of excavation ond the unit
cost of embankment are earthwork contract cost items ; no separate costing is
made of haul. Working from average end areas of the roadway cross sactions,
the model generaies @ mass = haul diagram and colculates the quantities of haul
in units of cubic = meter = kilometer, and total borrow und spoil volumes in
cubic meters. The mass = haul diagram is an effective tool for estimating
earthwork costs and planning earthmoving operations.

In the present study, the following unit cosis were used in the.-model :

excavation = 24,5 Baht per cu meter ;

compaction = 10,0 Baht per cu meter ¢
haul = 1.5 ° Boht per cu -~ meter =km ;
borrow = 15,0 Baht per cu meter ;
spoil = 3.0  Baoht per cu meter,

The model in the firsttrial calculated the earthwork volumes by using
the mass = haul analysis. In the socond trial, only the unit cost of excava=

tion (24,50 Baht per cubic meter) and the unit cost of embankment (17.50
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Baht per cubic meter) were input to the model.
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The other items were put in

as zeros. The resuits of these calculations and o comparison of them are shown

in Table 23, The values shown in the lower part of Table 23 were used in the

analysis of costs shown in Table 20 because these costs are based on the quan=

tities of cut and fill which formed the engineer' s estimate for payment of the

actual construction contract.

Table 23 Costs of Earthwork in Baht

Usiﬁg the Mass Haul Diagram, Baoht
ltem Section 1 Section 2 Section 3 Section 3
(0.8 km) (14.1 km) (24.8 km) (26.9 km)
Excavation 278,064 76,443 10,320,000 4,162,555
Haul 0 2,075 2,317,224 297,579
Compaction 402 3,489,968 5,414,797 3,421,585
Borrew 0 5,148,236 1,611,560 | 2,586,994
Spoil 33,886 0 0 0
fotel 312,352 0,756,740 19,243,581 10,468,713
Using only Unit Cost for Cut and Fill, Dcht
ltem Section 1 Section 2 Section 3 Section 4
(6.8 km ) (14,1 km) (24,¢ km) (26,9 km)
Excavation 276,064 76,443 10,320,000 4,162,555
Embankment 700 é,107,483 9,475,900 5,987,783
Total 278,744 5,183,926 19,795,900 10,150,338
Difference
compared to 12 % 42 % 0.4 % 3 %
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The costs of earthwork for Section 3 were cbout the sume irrespective
of the form of unit costing ; the same similarity was found for Section 4.
For section 1, a. substantial valume of spoil occurred ; this appears in Table 23 as
a significant cost. For Section 2 the cost of borrow is a substantial part of
the total cost. The use of only the unit costs of excavation and embankment
to calculate the earthwork cost provides at best a rough approximation, be-
cause the total earthwork cost depends not only on excavation and embank=
ment quatities but also on haul, borrow, compaction and spoil which are

variable fractions of the in = place costs of embankments and excavations .
Comments on Construction Cost Analysis

Referring to Table 20 it can be seen that for all construction items except
culverts and eorthworks, it was possibluto. calibrate:the model to within 5 percent.
This required judiciowns selection of surrogates for the actual design details
which, because of their complexity, simply could not be used directly as
input parameters. The overall precision of the calibration for the four seg-
ments of the Saraburi = Lomsak Highway that were studied is represeuted by
the 3 percent difference between the model consiruction cost and the contract

construction cost.
Vertical Alignment Generated by the Model

When a vertical clignment has not been input to the model , a sui-

table alignment will be generated automatically by RTIM using a method
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bused on program Venus. This method uses a smoothing technique to produce
a vertical alignment consisting of parabolic curves and connecting tangents,
The alignment will approximate the ground and will satisfy the specified -
geometric design stancdards, but will not necessarily balance nor minimize
cut and fill quantities,

In the present study, a comparison of the vertical clignment generated
by the model with the engineer' s dasign is shown in Fig.18, Data for the eleva=
thon:of moas! plotted in Fig. 18 are presented in Yobles 24.und. 25,

The model approximately balances the areas of cut and fill along the
center = line profile of the road but.as seen in Table 2 the zalculated
volume of excavation is more than twice the fill volume. In the engineer' s
design, which strove to balance earthwork volumes, the excavation and fill
volumes are close to each other (difference =5 %). Care must be taken
when the model is programmed to generate the .vertical alignment, because
it uses only the center = line ground data which may leod to badly ﬁnbalcnced

earthwork volumes.,

Vekhicle- Operating Costs

Basic data for vehicle operating costs were obtained from T,P, O
SULLIVAN & PARTNERS (1973). All costs are in Thai Boht and cre given
in Appendix D, The primary analysis was carried out for o 5 percent growth
rate and a 12 percent discount rate. Subsequently varictions in these two

rates were introduced,as described loter in this Chaoter.
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Table 24 Vertical Alignment Generated by RTIM (Portion of Study Section 3)

Intersection Rate of
point Curve Radius | change of %
Chainage | Elev. length (sdg curves = ) % gradient Grodient
16700,0 | 54.400
1.4320
16750,0 | 55.116 96,59 g0€1 .012374%5
2366
16846.6 | 55.345 76,59 20302 00492562
-.23%90
18121,9 | 52,297 612,2¢ - 16144 00619395
3.5534
18734.2 | 74,054 315,64 14764 00677332
1.4141
19050,0 | 78,520 100.00 -11753 00850768
2,2649
19150,0 | 80,725 69.18 -9851 .01013985
2,9663
19219.2 | 82,837 69.18 7044 .01419739
1.9642
19494,1 | 88,291 274,89 55119 .01953544
~3,3659
20129.1 | 66,791 520,94 . - 14167 00705827
2910
20650,0 | 68,307 520,94 - 196542 »00050680
3561
21270,7 | 71.759 312,46 ~312455 00032005
6581
21583,2 73.807 312,46 113370 .N00EE207
- +3605
22531.,2 77 419 555,60 =62064 .20161129
1.2757
23087.5 | 84,507 559,67 48942 .0204322
. 1505
2363€,2 | 85,336 550,67 -30629 20326472
1,9463
24300,0 | 98,230 295,42 36049 00277472
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Table 25 Vertical Alignment From Engineer's Dasign (Portion of Study Section 3)

Intersection Rate of
point Curve Radius change of %
Chainage Elev, length | (sag curve =) | % gradient Gradient
16700,0 54,400
2,200C
16800,0 56,600 110,00 5000 .02000200
' 0200
17600.C 56,600 60,00 -9999 »J1000000
18400.0 61.400 150,00 -3408 .02933333
5,0000
18800,0 81,400 200,00 3636 02750000
: -.5000
19000,0 80,400 130,00 -2923 034235000
“2,9200
19500.0 95,000 300,00 3811 02624127
' -4 ,9524
20025,0 69.000 | 200,00 -4037 02476190
0020
20470,0 69,000 60,00 -9999 01000000
6000
22315,0 78,870 60,00 7500 .N1333333
-.2020
22500,0 78,500 69,00 -3999 02550000
1.3300
23000.0 85,000 70,00 5385 01857143
2000
23390,0 85,000 69,00 -5999 1666667 '
1,0020
237900,0 88,100 692,00 =7499 .01333333 -

Table 26 Comparison of Earthwork Quantities: RTIM-VS. Engineer's Design

Section 3]
Engi‘neer's RTIM RTIM = Design | RTIM = Cesign 4 100
Design Design
Volume of 3
excavation, m"| 399,456 608,292 208,836 +52%
Vol,um% of
fill, m 418,194 267,654 - 187,540 -36%

113.4 km, from €hoinage 16702 to 33100,
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For paved roads, the specd depends on the type of vehicle, horizontal
curvature, rise and fall, and altitude. Fuel consumpiion depends on type of
vehicle, speed, rise and fall, and horsepower; for heavy vehicles, the gross
vehicle weighi becomes a factor, Since none of the gecmatric factors change
throughout the life of the road, it is presumed that oll speeds and fuel con=
sumption will remain constent. Speeds, fuel consumption, and fuel costs for
each class of vehicle and for each section of the highwey are given in
Table 27,

The relationships used in the modal to predict vehicle speeds and
fuel consumption rates were developed under substantially free=flow conditions
where the only zonstraints on speed were the physical characterisiics of the
road and the vehicle, It moy be presumed that derived raies of fuel consumo=
tion for each class of vehicle will not be valid when treffic interaction takes
place. The predicted vehicle speads seem high, In this analysis, the model
predicted average speeds of cars of about 100 kph, A comparison of the
fuel consumption costs are shown in Teble 28 for Section 3 in this study,

The remainder of the vehicle operaiing costs depend on surface rough=
ness and vehicle age. Surface rouchness increcses through the life of the
road, until surface dressing has been done. The age of the typical vehicle
incraases or decreases, depending upon the relationshins between the initial
vehicle-age speciium, the vehicle usage rate, and the vehicle growth rate.
This means that the age of the typical vehicle will sometimes increase and

sometimas decrease, and therefore the vehicle onerating costs will sometimes



Table 27 Average Vehicle Speeds and Fuel Consumption from the Modal

Vehicle Average Speed, km/h | Fuel Consumpticn, | Average

1 (liters/1000 km fuel cost
Type Direction Direction |per km

Northbound |Southbound |Northbound [Southbound Thai Baht

Section 1 1 102 12 127 130 | 0,1547
Rise = 0 m/km 2 87 86 290 205 |0.2425
Fall = 1 m/km 3 73 72 274 261 | 0.2497
( Northbound ) 4 68 67 211 215 10,193
Curvature = 0,02 Ykm 5 &€ 67 1642 2572 10,1895
é 68 67 2312 3562 [0,2651
Section 2 1 171 102 1323 1263 [9,1545
Rise = 3 m/km | 2 85 86 207 197 | 0,2426
Fall = 0 m/km 3 71 72 286 271 | 0.2506
( Northbound ) 4 6 8 224 208 |0,1947
Curvature = 2,38 Ykm 5 66 4 262 244 0,22€5
6 66 &8 364 347 |0.3199
Section 3 | 98 € 129 126 0.153¢
Rise = é m/km 2 83 82 204 223 10,2440
Fall = 6 m/km 3 &9 69 286 284 10,2564
( Northbound ) 4 &4 &5 225, 223, [9,2012
Curvature = 11,88%m|| 5 64 65 166 257° 9,194
6 64 45 2372 3612 |0,2691
Section 4 1 190 120 129 129 [n.1543
Rise = 4 m/km 2 84 84 203 203 |0,243%
Fall = 4 m/km 3 79 70 263 283 | 0,2545
( Northbound) 4 b6 86 221, 221 | 0,191
Curvature = 6,32 Yk 5 66 &6 142 2562 | 9,1002
6 66 66 234> | 3602 | 0.2677

lVehicle Type

R W N -

is car and taxi
is light truck
is light bus

is heavy bus

is 2=axle truck
is 3=axle truck

25outhbound heavy vehicles, type 5 and 6 are more heuvily loaded

in southbound direction.

A troffic on Study Section 2 is southbound, see footnote on page 29.
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Table 28 Comparison of Fuel Consumption Costs Predicted by the Model with

the T.P . O'Sullivan Sfudy?

Average fuel cost, Baoht per kilomefer2

Vehicle type
Model T.P.QO'Sullivan

Cars and taxis 0,1538 0.1423
Light Prucks 0.2443 0,140
Light buses -‘3.25¢.S«f!~4 0.1185
Heavy buses 0.20‘!24 0.197
2-axle trucks 0, 1904 0,231
3=axle trucks 0. 2691 0,231

i

T.P.O'SULLIVAN & PARTNERS (1973)
25ection 3
3 3

Estimated by extrapolation

Logically, light buses should display a lower fuel cost per kilometer
than heavy buses. The results shown here stem from an inadvertent
bad choice of formulas for fuel cost for these two classes of vehicle
Sthis very low fuel cost per kilometer arisesfrom the low cost of

diesel fuel used by this class of vehicle in the T.P,O'Sullivan study

increase and sometimes decrease through the analysis period.

The unit costs of oil, spare parts, maintencnce labour, tyres depre-
ciation, interest, crew time, passenger time, and overhead (per vehicle
kilometer) are given in chle.29 for the first year of the analysis and in

Toble 30 for the last (ninth) year. The changesin vehicle operating costs -
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oweethe analysis period of this rodd are shown in Table31. Table 32shows the

vehicle operating costs obtained T.?,O'SULLIVAN & PARTMERS (1973), ond

Table33 shows a comparison of the total vehicle cperating costs predicted

by the model with those from the T.P.O'Sullivan study.

Table 29 Vehicle Gperating Costs (Except Fuel) During First Year of Traoffic

(Baht per Vehicle Kilometer, Not Discountdd)

Vehicle| Qil ! Spare |[Mcintenance| Tyres |[Deoreciotion|Interest|{ Crew Overhead
Type parts labour time
1 0.0085 | 0,0234| 0,9091 0.0420 | 10,3620 |0,2067 n | 0,0625
2 |0.012€ | 0.0304| 0,0126 = [0.0660| 0.2573 [0,1392|0.3600 | 0.2606
3 0.0284 | 5,0053| 0,0071 0.2420| 0,2084 10,1063 [0.4286 | 0.3206
4 |0,9284 | 0,8616] 0,2503 [0,7398| 10,5545 |0,282910,7857 | 0,9311
5 19.02¢4 | 0,4501 0,2503  [0.6699| 0.2632 10,1444 [0.4714 | 0.6229
6 9.02¢4 | 0,5186] 10,2503 [1.8563 0.3263 |0.1665]0,4714 | 0.9718

Table 30 Vehicle

Operating Costs (Except Fuel) During Ninth Year of Troffic

(Baht per Vehicle Kilometer, Not Discountac!)

Vehicle| Oil Snare |[Vointenance| Tyres Pepreciation|interest| Crew [Overhead
Type parts labour time

] 0.0085 | 0,0468] 0,0160 0.044¢ 0.3936  [0.2067 0 0,0874 S5

2 |0,0128 | 2,0635| 0,0250 [0,9700| 0.2652 |0,1392(0,3690 | 0.2949

3 |0.0284 | 0.0105 20,9138 |0,2545| 02,2364 0,1063}0,4286 | 0,3342

4 10,0284 | 0,6771| 10,2459 |0,7791| 95.6306 [0,2629|0,7857 | 0,9575

5 10,0284 | 0,447 0,2459 |0,7046| 02,3220 |0,1444|0,4714 | 0.6367

6 |9.0284 | 20,5161 0.2452 [1.9524 0.3711 |0,1665] 0.4714 | 1,0052




Table 31 Change in Vehicle Oporating Costs, Including Fuel Cost

( Baht per Vehicle Kilometer, Mot Discounted )
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Vehicle Type First Year Ninth Year
Cars and taxis 0.9030 0.9617
Light trucks 1.4029 1.4747
Light buses 1.6031 1.6711
Heavy buses 4,6556 4.,7873
2 - axle trucks 3.1102 3.1936
3 = axle trucks 4.8590 5.0262

Table 32 Vehicle Cperating Costs (except fuecl) Obtained from T.P.O'

Sul!ivun"-Study (Baht per Vehicle Kilometer, Not Discounted )

Vehicle | Oil | Spare |Maintenance| Tyres Depreciation| Interest| Crew |Overhead

Type parts labour time
1 0.006 | 0,075 | 0,057 0.062| 0,372 |0.233| =~ -
2 0.008 | 2,083 | 0,068 0.057 | 0.204 | 0.097 |0.094 -
3 0.009 | 0,081 | 0.061 0.044 | 0,214 | 0,091 | 0,09 -
4 0.016 | 0.256 | 0,131 0.170} 0,605 | 0,264 | 0.156| 0,045
35 0,016 | 5,135 | 0,131 0.284| 0,31€ | 0,140 | 0,094 | 0,065
6 0,016 | 0,136 | 0.131 0,284 | 0,318 | 0,140 |0.09 | 0,065

]The T,P.O'Sullivan tablesare entered with average spead; these were obtained

from the model-generated average speeds shown in Table 27.
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Table 33 Comparison of Total Vehicle Operating Cost Predicted by the

Model with T.P,O'Suilivdn Siudy!

Vehicle type Total Vehicle Operating Cost
Model T.P.O'Sullivan..
Cars and taxis 0.9080 0.930
Light trucks 1.4029 0.657
Light buses 1.4031 0.618
Heavy buses | 4.6556 1.840
2 - axle trucks 3.1102 1.321
3 ~axle trucks 4.8590 1.321

1'i'.i";.O'SULLI\;“.‘\]N! & PARTNERS (1973)

As will be subseqt.;ently snown in this chapter, total vehicle operating
costs are choui 85 percent of the total highway transportation cost, highway
costs acount for the major portion of the remaining 15 percent. Therefore,
vehicle operating costs are the key factor in an analysis of highway trans—
portation costs.

It is not an cusy maiter to determine motor vehicle running costs
because they are affected by many faciors and vary over wide ranges. The
main factors that affect motor vehicle running cost may be grouped as follow:,
A detailed listing of the important components is given in Appendix E.

(a) The highway
(b) The vehicle
(¢) Tha operator

(d) The weather and topography
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For economy stucies in highway design it is required that these groups
of factors be studied so the effect of the highway on the running cost of the
vehicles may be determined. There cre wide ranges of variation of the three
principal factors : highway, vehicle, cnd operator, Yet, it is necessary to
provide the analyst with good and reliable motor vehicle performanace: <nd cost
information.

Most of work on road user costs in Thailand was based on ¢ study by
DE WEILLE (1966) for the World Bank. T.P,O'SULLIVAN & PARTNERS (1973)
studied roud user costs in Thailand and attempted not only to use data rele=
vant to Thailand but also to develop technical relationships where there was
reason to question those used in the De Weille study.. Therefore, the
T.P.O'Sullivan " study cuan be used as a reasonable basis for road user costs
in Thailand,

In spite of using the base data for vehicle operating cost from the
T.P.O'Sullivan study, the estimates of vehicle operating cost procuced by the
mode! are not the same as those derived by T.P.O'SULLIVAN & PARTNERS
(1973). This is likely attributable to vehicle operating costs being offected by
different conditions ond assumptions. For example, fuel consumption is affected
by vehicle weight, tyres, body size and design, engine design, power transinis=
sion to the driving wheels, and other lesser factors, It is noted that the typical
vehicle used by the model is not the same us used in the T.P.O'Sullivan study.

It may be concluded that the basic assumptions and conditions usac by

the model for estimating vehicle operating costs ure not identical to those
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applicable in Thailand because there proved to be considerable discrepancy
between the two seis of results, as was shown in Table 33. If the model
could be altered to reflect the assumptions and conditions that are appropriate
to Thailand, more effective estimates of total vehicle operating costs would
doubtless occur.

Vehicle operating costs for the four study sections of the Saraburi =
Lomsak Highway, for three traffic growth rates, are shown in Appendix Tables

C1 through .C3.
Road Maintenance Cosis

Plant hire rates, labour rates, and materials costs were ohtained from
the Thai Department of Highways. The maintenance crews were assumed to
be similar to those incorporated in the model:programme. Datails of these cost=
ings are given in Chapter VI, The muintenance cost of each section is shown
in Table 34 and Appendix TablesCl through C3. Because the traffic volumes
vary from section to section, surface dressing would not be carried out at the
same time ; this variation is shown in Tahle 34, For example in Section 3
(24.8 km), the maintenance operations carried out each year would be shoulder
mowing, shoulder grading, and drainage maintenance. The total annual cost
of these items is 16,810 Buht (67C Baht per km). After 4 year of service of
the road, light surface patching and heavy base natching would be carried out
during , and accounted for at the end of, the fifth year of service ; the

annual cost of this work rises from 103,000 Gaht™( 4,150 Roht per km) in

*Including cost of shoulder mowing und grading, and drainage maintenance.
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the fifth year to 150,000 Baht (6,050 Baht per km) in the sixth year.
Surface dressing would be carried out cofter ¢ years of service of the road,
this would costs nearly 1,000,000 Baht (40.320 Baht per km). After surface
dressing has been carried out, the model assumes that the section is like @

new road and the maintenence tasks and costs are the same as inthe first year.

*Sce footnote page 116,
Table 34 Annual Maintenance Costs for 5 percent Traffic Growth from RTIM

(12 percent Discount Rate)

Analysis Maintenance Cost
Section 1 | Section 2 Section 3 Section 4 | Total
year (C.8km) | (14.1 km) | (24.8km) (269 km) 1 (66.¢ km) *
4 979 15,134 16,810 21,645 54,565
5 9,050 15,134 16,010 21,645 62,539
6 13,912 59,068 16,610 | 21,645 | 111,435
7 o260 {13,918 16,910 | 21,645 | 263,831
8 979 139,854 | 102,983 | 115,006 | 358,72
9 14,224 146,080 150,255 166,389 475,956
10 93,357 | 31 ,6072 999, 2742 1,007342% | 2,011,620
1 1522 15,134 16,610 | 21,645 55,111
12 15,30 | 31,574 16,810 | 21,645 68,332

1
Surface dressing required at this time because cumulative traffic
loading hus exceeded 1.5 x 109 equivalent standard axles,

25urface dressing required because 7 years was specified for this stucy
as the maximbm duration to first sufface dressing treatment.  Surface dressing
operation ‘specified for the seventh yoar of sevice and cost aceounted for at
end of seventh year, but traffic assumed not to benefit from this improvement
until the begirning of the eighth year of service.
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In Thailand, the maintenance and repair of highways are usually
performed by Highway Department employees using Department = owned equip= -
ment. However, sume of the larger and less frequently occurring maintenance
operations are performed under contracts awarded by competitive bidding.

Despite many years of record keeping of Highway Department opera=-
tions, there is a paucity of data pertaining to maintenance expenses of o sort
that would serve the requirements of u highway economic study. Whilst many
factors affect the total expense of maintaining highways, it is difficult to
record maintenance expenses clirectly ogainst the several features of design
and traffic which offect those maintenunce expenses. The differences in
maintenance expense associated with pavement widths, shoulder widths, vertical
grades, horizontal clignment, cut and embankment slopes, and types of con=
struction materials are difficult to measure under the normal processes of main=
taining highways. Again, the effects of traffic volume and traffic  composi=
tion on the expense of maintaining highways are not known. &losély enaugh.
Weafi-ler, soil conditions, and time are fdactors having pronounced effects on
highway maintenance expense. For economic stucies, however, the desired
specific hichway maintenance expenses are not available. The parameters of
highway muaintanunce fnheront in RTIM, which were derivedifrdm fhe severed
TRRE stedjes in Kanya, were accepted for the present veseorch:as-bsther: date
were not dvailabler feom sdmés-iﬁ.Thuiland.

Finally, a coniparison can be made between the actual maintenance

expense for the southern portion of the Saraburi = Lomsak Highway with that
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produced by the model. Records of the Thai Highway Department (Mainte=
nance Division ) show the expenditure for routine maintenance for the sou=
them end of the study highway average 13,7¢C Baht/km for the sixth year of
service ( this is the ninth analysis year). The average maintenance cost for
66,6 km. as obtained from the model for the ninth analysis year averages
7,160 Baht/km. Whilst there is o substantial difference, with the RTIM
value being about half the THD expenditure, it will subsequently be seen
that the annual maintenance cost is insignificant compared to the annual

vehicle operating on the sume segments.
Economic Analysis

The anclysis has been carried out for a nominal life of 9 years.
Construction would take 3 years with35 percent of the cost being spent in
the first year, 49 percent in the secord, and 14 percent in the third year.
For this analysis, cll classes of traffic were assumed to grow at 5 percent
per annum . The total cost of the individual sectionsof as road produced by
RTIM are shown in Tuble35 and the cush flows through the 12 years of
the analysis are shown in Table 36, Details of the discounted maintenance
costs and vehicle operating costs, for three traffic growth rates, are shown
in Appendix Tables C4 through C&.

During this pericd, the roud maintenance costs are very small, re=
oresenting less thon 1 percent of the net present value (NPV) of the total
Aransportation cost.  Vehicle operating costs are more than 5 times the

cost of initial construction, on the basis of net present value.
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Table 35 RTIM Costs for Sarcburi = Lomsak Highway Study Sections

(66.{3 km ), Baht
Section Construction Maintenance Vehicle Operation
1 (0.6km) 2,654,395 94,219 16,195,003
2 (14,1km) 15,256,791 433,6€8 168,115,384
3 (24.8km) 37,032,289 462,963 148,995,590
4 (26,%m) 30,557,040 515,119 161,525,292
] Total (66.6km) 85,539,515 1,506,589 496,831,341

Table 36 Cash Flowlfor Saraburi - Lomsck Highwoy Study Sections (66,6 km), Baht

Analysis  [Construction| Discounted [Maintenance | Discounted|  Vehicle Discounted
Year Cost at 12% Cost at 12% | Operation at 12%
1 36,627,667 |32,703,292
2 51,278,761 149,879,114
3 16,744,085 | 11,918,109
4 54,568 34367€ | 1&,715, 173} 68,455,576
§ 62,639 35,543 .{ 114,077,639| 64,730,717
6 111,435 36,456 1120,955,020| 61,279,579
7 263,631 | 119,258 {128,161,009| 57,973,569
o 35¢,721 144,661 | 135,540,039 54,745,501
9 476,954 171,995 }143,222,906| 51,647,646
10 2,811,620 905,266 | 151,200,075 48,700,136
11 55,111 15,843 1159,811,025] 45,941,052
12 £3,332 22,673 |160,805,432| 43,34€,605
Total NPV £5,500,519 1,506,529 496,031,341

Yor 5 percent per annum traffic growth
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Simple sensitivity analysis of the model were carried out with these

data by varying the traffic growth and discount rates. Traffic growth rates of
5, 10, and 15 percent == and discount rates of 10, 12 and , 15 percent ~-
were studied,

Construction costs, of course, were not affected by changes in traffic
growth, but the change with discount rute is shown in Table 37, The cost of
road maintenance increuses with increasing traffic and the effect is shown in
Table 38. A change in traffic of 5 percent cause a change of about 17
percent (when traffic growth increasesfrom 5 to 10 percent), and 24 percent
(when traffic growth increasesfrom 10 to 15 percent) in the maintenance cost.
This percentage of change in the maintenance cost also depend on the truffic
volume of the base year. If the traffic volume of base year is high the
maintenance cost will also hish and increase rapidly when the traffic growth
is increased, In the present study, traffic volumg of the base year is very high,

therefore, the change in maintenance cost very high when increasing traffic

growth rate.

Table 37 Construction Cousts for Different Discount Rates

Percent s|[Analysis | Construction Discounted Discounted Discounted
of Total | Yeor Cost at 10% o 12 % at 15 %
35 % [ 36,627 487 33,297 ,£57 32,702,292 31,850,163
49% 2 51,278,751 42,379,141 40,879, 114 38,774,110
16% 3 14744,085 12,580,079 11,7218109 11,009,508
Total] = . 88257117 | 85500515 | 81,635,781 1



Tablz 38 Sensitivity of Road Maintenance Costs to Troffic Growth and

Discount Rate

Discount Traffic growth rate, precent per annum
rate 5% . 10% 15 %
10% 1775435 2,075,719 2,568215
12 % 1,506,589 1,762,316 2,171,600
15 % 1,185,220 1,388344 1,700.985

Tabie 39 Sensitivity of Vehicle Operating Cost to Traffic Growth and

Discount Rate

Discount Traffic growth rate, percent perl aanum
rute 5% 10% 15%
10 % 570,572,292 679,123,460 814.400,840
12 % 496,831,330 588,154,039 701,583,160
15 % 407,110,630 | 478152,15% 565,950,060

Table 40 Sensitiviiy of Totai Cost to Traffic Growth and Discount Rate

Discount Troffic growth ratey nercent per annum
rate 5% 10 % ' 15 %
10 % 660,604,344 769,456,296 905,224,172
12 % 583,836445 675416,870 733,255275
15 % 469,930,231 i 561,174,279 549,264,826

122

Vehicle operating costs for the different troffic growth and discount

rates are shown in Table 39, A traffic growth rate incrzass from 5 to 10
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percent causes an increase of about 18 percent in vehicle operating cost,
and a traffic growth rate increase from 10 to 15 parcent causes an increase
of about 19 percent in the vehicle operating cost. In the actual case, the
vehicle operating cost may increase more than these amounts when the wehicle
flow increases beyond the critical value of hourly flow. This would cause
reductions in vehicle speeds due to traffic interuction and thus increase
vehicle operating cost. However, the model is not valid when traffic in=
teraction takes place.

The variations of total cost ( construction plus maintenance plus
vehicle operation) with discount rate and traffic growth are shown in Table
40 and Fig, 19. A traffic growth rate increuse from 5 to 10 percent causes
an increase of about 14 percent in total cost, and a traffic growth rate
increase from 10 to 15 percent cause an increase of ubout 17 percent in
totul cost. An increase in the discount rote from 10 io 12 percent causes
a decrease of about 12 percent in total cost, and a discount rate increase
from 12 to 15 percent causes a decrease of about 16 percent in total cost,

The discount rate and traffic forecast are probably the most difficult
things to predict in u feasibility study, especially in times of high inflation
and of steeply rising fuel costs, It is interesting fo note that a 5 percent
traffic growth, with all costs discounted ot 10 percent, gives a total tran-
sportation cost similar to ¢ 15 percent traffic growth with all costs discounted

at 15 percent.
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Figse 19 Sensitivity of Total Transportation Cost to Traffic Growth

ancd Discount Rotes

E\.

Jiscount Rate 10%

()L._.._.__.L |

0 5 12 15

Percentage Traffic Growth, per annum



125

Table 41 and Fig.20 show the sensitivity of the composition of the
total transportation cost to traffic growth and discount rates in percentage.
The percentage of construction cost of the total transportation cost is lowest
for the lowest discount rate (10 percent) combined with the highest traffic
growth rate (15 percent) ; under these conditions, the discounted construction
cost cost amounts to only 9.8 percent of the total transportation cost. When
the discount rate is highest (15 percent) and the troffic growth rate is lowest
(5 percent) the discounted construction cost amounts to 16.7 pércenf of the

total transportation cost. It can be seen that when the traffic growth rate

Table 41 Sensitivity of Composition of Total Cost to Traffic Growth and

Discount Rates in Percentage

Discount Composition _ Traffic growth, percent per annum
rate 5% 10 % 15 %
Construction 13.4 115 9.8
10 % Mcintenance 0.27 0.27 0.2¢
Veh. Cperating 86.4 88.3 90.0
Construction 14.6 | 12,7 10.8
12 % Maintenance 0,26 0.26 0.22
Veh, Cperating 85.1 7.1 83.9
Construction 18.7 14.6 12,6
15 % Maintenance 0.24 0.25 0.26
Veh. Operating 83.1 85,2 87.2
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Fig. 20 Composition in Percentage of Total Transportation Cost
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is high the total transportation cost is also high , because the vehicle
operating cost is high, but the construction cost is constant, therefore the
percentage of construction cost will be smaller.

The percentage of the total transportation cost attributed to highway
maintenance is almost constant and equal to about 0.26 percent of the total
transportation cost, which is very small,

The percentage of the total transportation cost attributed to vehicle
operation is lowest when the discount rate is highest (15 percent) and the
traffic growth rate is lowest (5 percent ). Thus the vehicle operating cost
varies between £3.1 percent and 90.0 percent of the total transportation
cost, The sensitivity of vehicle operating costs is in the apposite sense io
that of the construction cost fraction cf tota! frc:nspo&uﬁon cost.

The apportionment of the total transportation cost developed by the
model seems reasonable. An analysis by WINFREY (1249) led to the follow=
ing conclusion :

"Vehicle operating costs as @ whole are about 88 percent of the
highway transportation cost ; the highway cost cecounts for the remaining
12 percent., Therefore, vehicle operating costs are the key factor in the

analysis of highway transportation costs.”
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