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This paper describes a study initiated in 1965 on how to purchase dozers, 
loaders, and graders at the least overall cost to the Virginia Department 
of Highways, and gives the results of the department's implementation of 
the study recommendations in 1967. The purposes of the research were 
(a) to determine the objectives of the department's heavy equipment buying 
program and to evaluate the effectiveness of existing equipment purchasing 
procedures in achieving these objectives; and (b) to determine the need for 
improvement and to state where these needs exist and how they might be 
fulfilled. The department's equipment procurement objectives were to sat
isfy equipment needs at the least cost consistent with desired performance; 
and the method used to achieve this objective was to buy equipment that met 
the specifications of the equipment engineer at the lowest bid price and re
place it after a set number of years. The research indicated that the true 
lowest cost is not necessarily reflected in the lowest bid price but rather 
in the least overall cost per equipment operating hour. The method to en
sure lowest cost equipment procurement is to evaluate suppliers on the basis 
of alternate bids, that is, to permit them to bid on initial price only and 
project this bid to a total cost per hour figure based on the department's 
past experience, and to allow them to guarantee total hourly costs if they 
chose to do so. 

Results of implementation of study recommendations were that, for 
motor graders, the initial price method proved to be substantially cheaper 
in total cost per hour terms than the guaranteed cost per hour method. The 
lowest guaranteed total cost bid submitted to the department was $0.30 per 
hour greater than the projected costs of the initial price bid. Based on 
12,700 hours' usage of 15 graders (the number purchased), Virginia saved 
over $50,000 by not awarding the bid on the basis of the lowest guaranteed 
total cost. Moreover, had interest not been used in the purchase evalua
tion, the guaranteed total cost method would have been considered cheaper 
and would have resulted in a fictitiously low statement of costs and an im
proper management decision. 

•THIS PAPER DESCRIBES A STUDY initiated in 1965 on how to purchase dozers, 
loaders, and graders at the least overall cost to the Virginia Department of Highways 
and gives the results of the department's implementation of the study recommendations 
in 1967. 

Data analysis and detailed investigation in the study were restricted to motor graders 
because of the length of time involved in obtaining intimate knowledge and cost data for 
individual pieces of equipment. Some specific conclusions relating to specificatiions 
and costs were therefore restricted to motor graders, although the general principles 
of total cost evaluation apply to dozers and loaders as well. 
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The purposes of the study were (a) to determine the objectives of the department's 
heavy equipment buying program and to evaluate the effectiveness of existing equipment 
buying practices in achieving these objectives, and (b) if the evaluation indicated needs 
for improvement, to state where these needs existed and how they might be fulfilled. 

The department's equipment buying objectives were to satisfy its needs at the least 
cost consistent with desired performance, and the method used in the pursuit of this 
aim was to buy equipment that met the specifications of the equipment engineer at the 
lowest bid price and replace it after a set number of years (10 for graders). Grader 
specifications of the equipment engineer were compared with those suggested by the 
manufacturers. It was generally found that the manufacturers desired many additions 
that would eliminate or hinder their competitors and result in higher bid prices to the 
department without any appreciable offsetting benefits. 

In conversations with suppliers concerning what factors should be included in com
puting the cost per hour of heavy equipment and in what way (if any) the performance 
of one brand of grader is superior to that of another, they cited the following factors 
as relevant in equipment costs per hour: initial price; resale value; parts cost; labor 
costs; costs of capital; obsolescence, insurance, and convenience; service and parts 
distribution capabilities and policies of the supplier; total hours used; and maintenance 
practices of the user. Although all these costs are relevant in evaluating overall hourly 
equipment costs, only initial price, costs of capital (interest), repair parts (cost and 
delivery time), and the resale value depend on the specific brand of equipment purchased. 
No assertions or evidence was offered by any of the suppliers that their grader was su
perior in performing those tasks for which the department utilizes graders, specifically, 
ditch pulling, shoulder work, snow removal, and general road maintenance. 

The cost per hour of equipment (and perhaps more importantly the amount of work 
done) depends a great deal on the availability of parts. Although there were provisions 
for emergency requisition of parts, discussions with field people of all capacities re
vealed considerable dissatisfaction with this availability. Recommendations given for 
solving the repair parts delay problem were as follows: 

1. Stipulating as a condition of bid on new equipment that manufacturers or suppliers 
or both must guarantee by performance bond or cash reserve for a 10-year period 
(inasmuch as parts would be purchased from them in the future on a direct or indirect 
basis) that repair parts for this equipment would be supplied to the state within a spec
ified number of business days (five was suggested) from the time of the dealer's or 
manufacturer's receipt of order from the state except in cases of war, acts of God, 
strikes, and national emergency; 

2. Establishing provisions for a penalty on a per day basis when parts delivery is 
delayed beyond 5 working days; 

3. Securing of repair parts bids by yearly needs; 
4. Direct ordering of these parts by the department's district offices from the suc

cessful dealers; and 
5. Utilizing, if necessary (in conditions of national emergency or when felt desirable), 

district shop space to stock repair parts in a manner that would prevent equipment 
downtime. 

Under the former method of purchasing, once the department had acquired equipment 
it became a captive repair parts market for the equipment manufacturers (because there 
are no alternative parts manufacturers), which resulted in payment for repair parts 
at higher than manufacturer list prices and delay in delivery times. 

Besides parts delivery time, apparently the only way to determine the least cost 
method of purchase of graders, loaders, and dozers is to offer bidding on an alternate 
basis. For graders such a bid would allow these choices for the supplier: (a) bid on 
an initial price basis with the remaining costs being projected into cost per hour terms 
by the state on the basis of past cost records, or (b) guarantee a total cost per hour in 
terms of initial price, interest, guaranteed parts cost, and a minimum resale value 
(Fig. 1). It is noted that total guaranteed costs were expressed in 5-year or 6, 350-hour 
terms for heavy-duty graders with tandem drive. This was because (a) usage patterns 
for these graders averaged 1,270 hours per year over the last 5-year period prior to 



Prospective suppliers can bid either on lots, on total cost basis or initial price only. Bids made on initial 
costs will be projected into total coats as described below. Total cost bids are for 6350 hours or 5 years, 
whichever comes firBt~ 

Total Guaranteed Cost Projected Initial Price Bid 

Initial Price Initial Pr ice -- ------ ----------
+ rnterest Compounded + Interest Compounded at 4% 

at 4% (216 per 1000) ------- Per Annum (480 per 1000) ----------
$3556. 00 

Guaranteed Maximum Estimated Parts Cost (28 cents 

+ Parts Costs (not to exceed 
+ 

an hour for 12, 700 Hwrs) - -- --- -Manufacturer 1s Published 
Price Lists -------------
Total Initial Price Total Initial Costs -----·--- - ---------
Guaranteed Repurchase Estimated Resale Value at 
Price at 5 Years End of 10 Years (9% of 

Initial Price) -----------
Net Bid Price Estimated Net Total Hours ---- ----~- - --------
Estimated Hours Used, Estimated Hours Used OVer 
5 Year Period ---~~~~Q __ 10 Years gc'!QQ 

Net Total Cost 
Bid Price Per Hour Estimated Net Costs Per Hour 

Figure 1. Proposed method of awarding bid for heavy-duty graders with tandem drive. 
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release of recommendations with relatively small variations (100 hours) in average 
yearly activity, and (b) suppliers stated that five is the maximum number of years for 
which a bid bond could be obtained. If bid bonds could be obtained for more than 5 
years, then the researchers would have recommended that suppliers be allowed to guar
antee total costs on a 5-, 6-, 7-, 8-, 9-, or 10-year basis rather than confining the num
ber of years to five. A maximum of 10 years or 12,700 hours would have been insisted 
on because the hours used by the department are considerably reduced beyond this 
grader age. It was recommended that, if bonding conditions changed, a 5- to 10-year 
bidding period be used at the supplier's option. 

Results of the study were the general implementation of the recommendations made. 
Stipulations were made providing assurances to the department that it would receive 
adequate delivery of repair parts and certain provisions were made regarding direct 
ordering of parts including securing them on a yearly needs basts. In the fall of 1967 
bidding was permitted on the alternative basis recommended in the study (projected 
total hourly costs of an initial price bid as compared with total guaranteed hourly costs). 
The bidding procedures incorporated in the specification conformed to those suggested 
in the study and were used in purchasing 15 motor graders. The lowest guaranteed 
total cost bid s ubmitted to Virginia was $0.30 per hour greater than the projected costs 
of the initial price bid. Based on 12,700 hours' usage per motor grader, Virginia saved 
over $50,000 by not awarding the bid on the basis of the lowest guaranteed total cost. 
More important, however, if interest were not used in the purchase evaluation, the 
guaranteed total cost method would have been considered cheaper and would have resulted 
in a fictitiously low statement of costs and an improper management decision. Further
more, this mistake probably would have been repeated several times and would have 
cost the department hundreds of thousands 0f dollars as well as creating the illusion of 
substantial dollar savings. 

It is suggested that total cost purchasing does not necessarily require the awarding 
of the bid to the supplier that offers the lowest guaranteed total cost, because true total 
cost purchasing or bidding necessitates an evaluation of alternative methods of purchase 
(projected total costs of an award on the basis of lowest initial bid price versus lowest 
guaranteed total costs). The principle of total cost bidding is however viewed as sound 
provided that the purchaser (a) knows his costs of operation under his current purchas
ing procedures, (b) includes interest in his calculations, (c) compares results of alternative 
methods of purchase, and (d) does not accept "total cost" formulas until their implications 
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have been thoroughly evaluated. In addition, guaranteed total costs may be more favorable 
to a purchaser of doze rs and loaders because of greater similarity in initial prices of dif
ferent brands of this equipment than in those of different brands of motor graders. 

PRELIMINARY RESEARCH 

As a result of the department's adoption of performance purchasing of tires and the 
contention of some suppliers that initial price was only a part of total equipment acqui
sition costs, considerable attention was directed at the outset of the study toward the 
enumeration and definition of the costs of equipment acquisition. The other topic im
mediately explored was the contention of some suppliers that their equipment was superior 
in performance. In brief, preliminary research was restricted to costs and performance. 

At this point the researchers realized that many kinds of costs would be involved 
and discussions would have to be held with all interested suppliers. It was therefore 
considered prudent to confine data collection and supplier contacts to motor graders 
so that one piece of equipment would be researched in detail rather than all kinds of 
heavy equipment being examined cursorily. It was felt, however, that certain general pur
chasing principles applying to doze rs and loaders as well as graders would be established. 

After several meetings with the various suppliers and a preliminary data search, 
the researchers reached the following conclusions: 

1. Initial price, repair parts costs and delivery time, and resale value are all ele
ments that should be taken into account in equipment acquisition; 

2. Differences in initial price could be viewed either in terms of funds foregone for 
other investment purposes or in terms of accrued interest that could be earned on the 
difference of dollars between the low bid and other bids; and 

3. Under present utilization practices, graders used by the department become ob
solete after 10 years but not before. 

The significance of discrepancies in resale values is given in Table 1. Resale values 

TABLE 1 

RANGE OF RESALE VALUES 

Number Number Number Number Number 
Year A In B in C ln D ln E in 

Sample Sample Sample Sample Sample 

Good Condition Motor Graders in 1964 

1952-54 2,300-2,500 3 4,600-7 ,500 10 2,450 1 NA NA NA 0 
1955-57 2 ,500-3, 100 3 5, 700-10 ,000 23 1,350-1,800 3 2 ,900-3,300 2 NA 0 
1958-60 3,700 1 8 ,500-12, 100 6 NA 0 5,000 1 5,000 1 
1961-63 NA 0 12,100-16,750 8 NA 0 NA 0 NA 0 

Fair Condition Motor Graders in 1964 

1952-54 1,250-1,550 5 3,200-4,100 6 1,600 1 1,500 1 NA 
1955-57 1,000-2 ,000 6 4,100-7 ,000 5 1,000 1 1,600-1,650 2 NA 
1959-60 2,100-2,700 3 7 ,500-10,500 2 1,750 1 NA 0 NA 
1961-63 NA 0 NA 0 NA 0 NA 0 NA 

Good Condition Motor Graders in 1965 

1953-55 3,900 1 4 ,300-8 ,600 8 2,700-2,900 2 NA 0 NA 0 
1956-58 3,200 1 7,500-9,000 13 4,100-4,700 4 NA 0 1,800 1 
1959-61 4,750 1 9 ,400-13,000 5 NA 0 NA 0 NA 0 
1962-64 NA 0 12 ,200-14, 750 5 NA 0 NA 0 NA 0 

Fair Condition Motor Graders in 1965 

1953-55 1,000-1,900 3 2,900-3,850 5 NA 0 NA NA 0 
1956-58 1,900-2,500 2 4,600-6 ,750 10 1,800-2 ,900 2 NA 750-900 2 
1959-61 2,100-2,800 3 NA 0 NA 0 NA 3,000 1 
1962-64 NA 0 NA 0 NA 0 NA NA 0 

Source: 1964-Bluebook of Current Market Prices of Heavy and Used Construction Equ ipment, Forke Brothers, Lincoln, Neb ., 1964 Entire Year Edition, 
pp.91 -116, for 1964 data, and 1965 Entire Year Edition, pp. 93-11B. for 1965 data. 

Note: Letters A- E indicate individual brands of graders. 



of various brands but comparable model 
graders are substantially different-in 
some cases by as much as $5,000. Al
though it was felt that higher resale values 
should be allowed to offset higher initial 
bid prices, it should be recognized that 
there is a financial significance to a delay 
period before resale prices are received. 
If, for example, the state were to pur
chase one grader at $20,000 and receive 
$10,000 at the end of 10 years and another 
grader at $10,000 and receive nothing at 
the end of 10 years, it would initially 
appear that because the state is making 
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TABLE 2 

AVERAGE HOURS USED PER HEAVY-DUTY GRADER 
BOUGHT BETWEEN 1947 AND 1956 

Years Old 

8 
9 

10 
11 
12 
13 

Nwnber 
in Sample 

22 
32 
37 
38 
33 
26 

Total 
Hours Used 

16,093 
33,865 
39,642 
29,913 
24,283 
14,063 

Average 
Hours Used 

1,288 
1,058 
1,071 

787 
736 
541 

Source: Cost records reported by the Electronic Data Processing Division, 
Virginia Department of Highways. 

a net payment of $10,000 in both cases the offers were equal. This would not be the 
case, however; in the case of the first grader, the state would be foregoing the use of 
$10,000 for a period of 10 years. Looked at another way, the state would be sacrific ing 
$4,800, based on 4 percent compounded interest for 10 years. In other words, in order 
for the $20,000 to be an equal offer a resale value of $14,800 would have to be offered, 
assuming foregone funds were valued at 4 percent compounded for 10 years. 

Although statistics on the parts costs of different brands of equipment were not read
ily available, the various suppliers indicated that if parts costs guarantees were asked 
for they would each quote different maximum parts cost figures. From this informa
tion and the subsequent data, it should be clear that initial price is only one of the costs 
that should be considered in equipment acquisition decisions. 

Another principal topic of discussion with the distributors was obsolescence. It was 
the author' s opinion, considering the state ' s usage requirements, that obsolescence 
occurs when the hours used per grader value declines sharply. A search of the data 
indicated that this event occurs at about 10 years (Table 2 ). 

The final subject covered in preliminary research was the possibility of variation 
in performance among different brands of graders. Some of the distributors stated 
that their graders were better than others. Every effort was made to determine if 
there is in fact variation in grader performance for the tasks for which the department 
employs graders, specifically ditch pulling, shoulder work, snow removal, and general 
road maintenance. The distributors, after recurrent questioning, admitted that there 
were no criteria by which their graders were superior for use except lower parts costs, 
speedier parts delivery, and higher resale values. Because the researchers had al
ready envisioned these criteria being taken into account, performance considerations 
were abandoned temporarily. 

EQUIPMENT SPECIFICATIONS 

The researchers visited manufacturing plants and consulted with personnel of some 
of the companies that produce motor graders. A principal subject of examination was 
the possibility of the department adding to its specification requirements numerous 
features that the manufacturers considered beneficial to grader operation. Among 
those suggested were (a) minimum requirements for the base weight of graders and 
the weight at the midpoint of their frames; (b) automatic overload relief devices such 
as bypass valves, torque limiters, hydraulic kick-out valves, or electric sensoring safety 
switches ; (c) 4-wheeled power-boosted hydraulic operating brakes; (d) an accelerator
decelerator foot pedal; (e) a safety tinted windshield ; and (f) an audible backup alarm. 

No evidence was furnished or discovered that the performance of the tasks for which 
the department's graders are used would be improved by minimum requirements of 
base and frame weight or by four-wheeled power-boosted hydraulic operating brakes 
as opposed to mechanical brakes. These items were not standard on existing models 
of all brands of graders then being bid to the state. The suppliers of these graders 
would have to substitute hydraulic for mechanical brakes and add to their frame weight
perhaps through a heavier duty grader with features that the bid hydraulic equipped 
grader does not have-and so the price competition between suppliers would be reduced 
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TABLE 3 

A COMPARISON OF MONEY SPENT ON MOTOR GRADER SUPPLIES 
WITH TOTAL MONEY SPENT ON MOTOR GRADER REPAIR PARTS 

INCLUDING SUPPLIES FROM JULY 1, 1962, TO JUNE 3, 1965 

Year Number Total Repair Parts Supplies as 

Bought in Sample (In cl uding Supplies ) Supplies Only Percent of Total 
Repair Parts Cost 

1958 6 19,496 13,104 67 
1959 2 5,301 5,025 95 
1960 4 12,247 10,284 84 
1961 16 34,008 29,902 88 
1962 19 37,396 32,726 88 
1963 41 53,657 48,470 90 
1964 28 17,263 16,192 94 

Source: Cost records of the Equipment Division and requisition sheets of the Purchasing Division, 
Virginia Department of Highways. 

with no offsetting benefits accruing to the state. The same situation is true for an auto
matic overload relief valve. This is not to say that these features might not be desir
able for work in heavy construction, but it appears that the grader requirements of the 
department for light construction and maintenance are not nearly so severe as for heavy 
construction and "fine grading." 

An accelerator-decelerator foot pedal would probably ease the task of the operator 
and the safety tinted glass would make him more comfortable by reducing glare. An 
audible backup alarm seems to be a prudent thing to have; it would reinforce the safety 
consciousness of operators and possibly prevent backup accidents because of the ad
vance warning to someone behind a grader-either on foot or at the wheel. The U. S. 
Post Office has installed this device with the result of a considerable reduction in back
up accident experience. Although these features would cost the state a little more 
money, they would be uniform "add-ons" and would not give the supplier of one brand 
of grader a competitive advantage over the supplier of another. It was, therefore, sug
gested by the author that the addition of these features in motor grader specifications, 
provided they did not hinder competition, would be beneficial to the department. 

REPAIR PARTS COST AND SUPPLY CONSIDERATIONS 

As stated earlier, only initial price, repair parts (costs and delivery time), resale 
value, and foregone interest costs depend on the specific brand of equipment purchased. 
Because of this, these are the only costs that must be taken into account when evaluating 
alternative brands of equipment. In the case of repair parts there are 2 categories: 
(a) supplies of wearable items-grader blades, scarifier teeth, oil filters, hoses, glass, 
and tires; and (b) parts-all other items such as rings and valves. 

Supplies of wearable items represent the principal expenditures of the two but could 
not be practically taken into account in cost evaluation. This was because none of the 
suppliers was willing to guarantee supply costs, contending they were directly depen
dent on grader usage rather than on grader quality. Efforts were made to derive a 
method by which the supply portion of parts costs would be guaranteed, but no satis
factory solution was found. The significance of supply costs is given in Table 3. Al
though most of the data show that more than 80 percent of repair parts costs was ac
counted for by supplies, it is suggested that the 67 percent shown for 1958 graders is 
probably more representative. This is because these graders were 4 to 7 years old 
between 1962 and 1965, or approximately at the midpoint of a 10-year life cycle. In 
other words, as graders get older the percentage of repair costs that supplies represent 
becomes smaller. No records of older graders were available, but the researchers 
estimate that in the tenth year supplies would represent only 33 percent of repair parts 
and supplies costs but that supplies account for about two-thirds of repair parts cost 
when the entire life of a grader is considered. 

Although admittedly supplies are an important item in grader costs, there seemed 
to be no possibility of distributors being willing to guarantee maximum supply costs 
for graders. It was therefore felt that the parts cost (nonwearable items) should be 



separated on the records of the Electronic 
Data Processing Division. If this were done, 
then parts cost might be taken into account 
in terms of guaranteed bidding. 

It was felt that, although the dollar costs 
of parts were important, perhaps a more 
significant consideration involving repair 
parts was the speed of their delivery time. 
The delays in delivery to the department 
from time of order were therefore compared 
withdelays encountered by the private con
struction industry. The basis for compari
son was the delay time encountered by the 
Lynchburg district in its orders for grader 
parts and the delay time encountered by 
A. B. Burton Co. of Lynchburg for delivery 
ofpartstothesamecity. A sample of delay 
times experienced by the Lynchburg district 
is given in Table 4. The average number of 
days between the date of requisition by the 
Lynchburg district and the date when pur
chase order was placed by the Division of 
Purchase and Stores was a little more than 
4 days, and the total delay time between the 
date of requisition and receipt by the Lynch
burg district averages slightly more than 12 
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TABLE 4 

DELAY TIME OF DIFFERENT ORDERS FOR 
PARTS IN LYNCHBURG DISTRICT 

Requisition 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Total days 
Average days 

per order 

Purchase 
Order 

Placeda 

2 
3 
2 
3 
2 
6 
0 
6 
4 
2 
7 
7 
5 
6 
6 
4 

10 
2 
2 

79 

4.15 

Source: Lynchburg district shop clerk. 

Parts 
Delivered to 
Lynchburga 

7 
5 
7 
6 
7 

11 
3 

10 
12 
28 

9 
17 
19 
20 
28 

6 
14 
14 
10 

233 

12.26 

8 tn days from requisition date from January to June 1966. 

days, making eight the number of days caused by supplier delay. Total delay for 
the A. B. Burton Co. averages about 1 day as opposed to 12 days for the Lynchburg 
district. This 11-day differential would not be unsatisfactory if the parts were being 
purchased only for inventory purposes; however, conversations with field personnel 
indicated that such was not the case but rather that the graders were down because of 
parts delays. 

Examples of parts delays encountered in the Salem district are given in Table 5. 
(It should be noted that provisions have been and are available that allow the districts 
to order parts directly on an emergency basis, which if used would result in elimina
tion of delay between date of requisition and placement of purchase order.) 

One method of eliminating the delay problem was to stock all the repair parts for 
dozers, loaders, and graders that it was anticipated would be needed in the districts. 
This would have required an analysis of past parts needs and continuous records for 
prediction purposes. It was suggested that this could be done extensively but that the 
department would be unnecessarily providing inventory and record-keeping services 
for some suppliers while other suppliers are already willing to provide these services 
to the department. In cases where equipment is over 10 years old-if it has not been 

TABLE 5 

DELAY TIME OF DIFFERENT ORDERS FOR 
PARTS IN SALEM DISTRICT 

Requisition 

l 
2 
3 
4 
5 

Purchase Order 
Placeda 

5 
2 
5 

13 
2 

Parts 
Delivered to 

Salema 

40 
17b 
26 
24 
22 

aln days from requisition d1Hc from July to Aug1.1'5t 1966. 
bEither nonaof the order or only part of the ardor had been delivered 

as of September 2, 1966, the time of receipt of data . 

replaced-parts probably should be stocked in 
terms of anticipated needs for 30 to 60 days, 
because parts have to be specially made in 
many instances for equipment of this age. 

In order to derive a method by which the 
department could ensure that it would have 
adequate parts delivery time, the researches 
had to analyze and verify the market structure 
for these parts. The heavy equipment market 
structure for state business has 2 principal 
characteristics: 

1. The industry is very competitive in the 
prices of equipment because several brands 
meet the department's specifications (this is par
ticularly true in the case of motor graders); and 
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2. Competition for parts business is restricted to distributors of the one manufac
turer who supplys the parts for a single brand of equipment. 

One result of this situation is that the state gets a very good price on heavy equip
ment because of volume purchases. This low price is not to be taken for granted as most 
state and local government purchasing of heavy equipment is done in rather small lots (1 to 
10) and the prices are appreciably higher. A lesson might be drawn here that pooling of 
local government purchase orders offers substantial benefits to these governments. 

An unfavorable result of the marketing structure for heavy equipment is the lack of 
concern on the part of the manufacturer regarding prices and delivery time of parts. 
In some cases the department had actually paid higher than manufacturer's list price 
for parts because there are no alternative producers and the manufacturers can charge 
higher costs to their dealers for parts to be sold to the state. This price abuse had 
beeu recogui:t;ed, and lhe Division of Purchase and Stores was considering stipulations 
in bid proposals that the manufacturer awarded the grader, dozer, loader, or other 
equipment business (directly or indirectly) would be required to sell repair parts to 
the state equal to or at a fixed percentage below manufacturer's list prices. It was 
suggested that this consideration be acted upon. 

As a result of the analysis of the market structure of heavy equipment, it was sug
gested that the department specify in its bid proposal that the manufacturer or supplier 
or both will guarantee repair parts delivery within 5 working days from his dealer's 
receipt of the department's order or the manufacturer's receipt itself if parts are fur
nished direct. It was recommended that penalty provisions be made on a per day basis 
for delays in delivery beyond this time in order to ensure prevention of unnecessary 
equipment downtime. It was also suggested that a performance bond or cash in escrow 
be provided for inasmuch as the manufacturer is assured of the state's repair parts 
business for its equipment. 

It was felt that the department should eliminate whatever aspects of its own proce
dures that contribute to delays of repair parts-namely, the time between requisition 
date and order date. This delay can be overcome by allowing the district offices to 
order directly from the parts suppliers. By policy of the Highway Commission, direct 
orders can be made only in times of emergency; otherwise, competitive bidding is re
quired. Because most repair parts needs are of an emergency nature (or should be if 
equipment is efficiently utilized except in cases of inventory stocks), extensive use of 
this provision would eliminate even dealer competition for parts. It was suggested that, 
if bids for repair parts needs are secured on yearly contracts, all parts would be sup
plied on a basis that is as competitive as possible while at the same time delays between 
requisition and order dates would be eliminated. 

GRADER COST AND USAGE PATTERNS 

The next step in the research was to determine the department's total costs for 
graders. Factors included in this calculation were initial price, hours used, repair 
parts costs (delivery time having already been taken care of), foregone interest, and 

resale value. These costs were for heavy
duty graders with tandem drive. Makes 
and models of these graders bid to the state 

TABLE 6 

AVERAGE HOURS USED FOR HEAVY-DUTY MOTOR 
GRADERS WITH TANDEM DRIVE BOUGHT 

FROM 1958 TO 1963 

in 1965 included Allis-Chalmers M-70, 
Galion 104, Huber Model 9-D, LeTourneau 
Westinghouse Model 330-H, and Pettibone
Milliken Model PM 401 A. Caterpillar in
dicated that if a total cost bid were intro-

Fiscal Year Total Hours Number in Average Hours duced it would bid on a Cat 120. 
Ending Used Sample Used 

1962 
1963 
1964 
1965 

17,112 
34,056 
55,122 

114,377 

12 
28 
48 
89 

Average hours used for all graders (5,075 / 4) 

1,426 
1,216 
1,148 
1,285 

1,269 

Note: Year bought is not included in usage figures because this wou ld only 
reflect part of a year's usage 

Initial price in 1966 was $11,849. Hours 
used for heavy-duty graders with tandem 
drive per year was estimated to be 1,269, 
based on the department's experience from 
July 1961 to June 30, 1965 (Table 6 ). 

Repair parts costs (excluding supplies) 
were estimated to be 28 cents per hour used 



Year 
Bought 

1958 
1959 
1960 
1961 
1962 
1963 
1964 

TABLE 7 

PARTS COST (EXCLUDING LABOR AND SUPPLIES) OF 
HEAVY-DUTY GRADERS WITH TANDEM DRIVE 

FROM 1962 TO 1965 

Number in Total Average Cost 

Sample 
Total Cost Hours Used Per Hour 

(cents) 

6 6,392 22,800 28.04 
2 276 7,994 3.45 
4 1,963 14,723 13.33 

16 4,106 55,998 7 .33 
19 4,670 69,427 6.73 
41 5,187 111,796 4.64 
28 1,071 35,700 3.00 

Source: Requisition sheets of the Purchasing Division, Virginia Department of Highways. 

Note: One grader, ED No. 14495, was eliminated from data because it was involved in an accident 
causing heavy damage. 
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based on the experience of the department between July 1, 1962, and June 30, 1965 (Table 7). 
The costs of the 1958 graders were deemed the most representative in this table, because the 
graders were 4 to 7 years old or in the middle of their 10-year life span. The other graders 
were at a cycle of life-particularly the 1962-1964 ones-when parts costs were the lowest. 

Foregone interest at 4 percent compounded for 10 years amounts to 480 per $1,000 
or $5,687. The evaluation of interest at this rate was based on the, then appropriate, 
rate of tax exempt bonds. Resale values at the end of 10 years were estimated to be 
8. 76 percent of the purchase price in dollars. This estimate was derived from the 
department's resale experience in 1964 and 1965 given in Table 8. 

TABLE 8 

AVERAGE RESALE VALUE OF DEPARTMENT-OWNED MOTOR 
GRADERS AS A PERCENT OF ACQUISITION PRICE 

Resale Price as 
ED 

Number 
Year Grader Acquisition 

Bought Price Resale Price Percent of 
Acquisition Price 

1951-1956 Graders in 1964 

5347 1951 10,150 982 9.67 
3211 1953 9,549 703 7.36 
3214 1953 9,196 703 7.64 
3216 1953 9,196 851 9.25 
6604 1956 11,171 960 9.59 
7624 1956 10,583 1,676 15.84 
6889 1955 9,936 700 7.05 
4781 1951 10,050 803 7.99 
4641 1952 9,104 201 7 .21 
3238 1953 9,424 953 10.11 

All graders 98,359 8,532 8.76 

1952-1957 Graders in 1965 

05453 1952 9,660 485 5.02 
6071 1956 11,522 802 6.96 

05452 1952 9,660 765 7.92 
4893 1952 9,894 915 9.25 
6150 1956 10,636 950 8.93 

11280 1954 9,985 1,111 11.13 
11281 1954 9,525 842 8.84 
6466 1954 9,419 842 8.94 

03198 1952 9,695 1,250 12.89 

All graders 89,996 7,962 8.85 

Source: Surplus property records of the Division of Purchase and Stores, Virginia Department of 
Highways. 

Note: Includes all graders over $5,500 acquisition price. Graders induded were in fair condition; 
there was none in good condition. 
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Based on these data, the net cost per hour that is dependent on the particular brand 
of grader purchased is $1. 58, derived as follows: 

Initial price + repair parts + foregone interest = total grader cost 
($11,849) ($3,556) ($5,687) ($21,092) 

- resale value = net grader cost + hours used for 10 years 
($1,038) ($20,054) (12,700) 

= net cost per hour 
($1.58) 

In summary, estimates for pertinent cost and usage data for heavy-duty graders with 
tandem drives are as follows: 

Item 

Initial price 
Hours used at 1,270 per annum for 

10 years 
Repair parts and labor at 28 cents per 

hour for total usage of 12,700 hours 
Foregone interest (1966 prices) based 

on 4 percent compounded for 10 years 
Resale value of 8. 76 percent of $11,849 

TOTAL COST PURCHASING 

Amount 

11,849 

12,700 

3,556 

5,687 
1,038 

Because all of the costs dependent on the specific brand of equipment were put into 
cost per hour terms, it remained to be shown how they could be utilized to improve the 
effectiveness of grader acquisition. It was suggested that in the purchasing of graders 
2 things should be evaluated on a continually current basis: (a) the brands of graders, 
and (b) the method of purchase. 

Acceptable brands of graders could have been determined through materials specifi
cations, but the best method of purchase can be determined only through the issuance 
of alternate bids supported by adequate cost data. The first alternative would be to 
allow suppliers to quote on the basis of initial price only and to project grader costs per 
hour from past experience. 

Specifically the technique would work as follows: 

1. Each supplier would quote bis low bid, say $12,000; 
2. Hours used would be assumed to be 12,700, cost for repair parts, $3,556, and 

foregone interest, $5,760 (4 percent on $12,000 compounded for 10 years); 
3. The resale value at the end of 10 years would be estimated at 8. 76 percent of 

$12,000, or $1,051; and 
4. Total bid but not guaranteed costs on a $12,000 bid would be $12,000 + 3,556 

+ 5,760 = $21,316 - 1,200 = $20,116 + 12,700 = $1.58 cost per hour. 

If on the other hand the supplier would prefer to guarantee costs, it was felt that he 
should be allowed to do so on a 5-year or 6,350-hour basis, whichever comes first. If 
the supplier wanted to bid on a 6 to 10 year basis assuming 1,270 hours annual usage, 
it was suggested that this should be permitted. Possible bids under this arrangement 
are given in Table 9. 

In the case of guaranteed bidding, bid bonds were recommended to be required for 
the amount of resale value guaranteed and for a sum of $3,500 per grader to cover parts 
cost. Indications were that suppliers could not obtain bid bonds for more than 5 years. 
Guaranteed bidding in practice was therefore restricted to 5 years or 6,350 hours, 
whichever comes first. 

It was noted that in the case of guaranteed bidding the suppliers would want to have 
the department follow specific grader maintenance practices. It was suggested that 
these practices be submitted with a guaranteed bid and that if reasonable the department 
would make every effort to follow them. However, it was recommended to be stated 
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TABLE 9 

POSSIBLE GUARANTEED TOTAL COST BIDS FOR HEAVY- DUTY 
MOTOR GRADERS WITH TANDEM DRIVE 

Cost Elements Brand A Brand B Brand C 

Initial bid price 12,000 20,000 11,500 
Foregone interest based on 4 percent 

compounded for number of years bid 2,592 4,320 5,520 
Maximum parts cost 1,500 300 3,500 
Net total cost bid 16,092 24,620 20,520 
Guaranteed minimum repurcbase pri ce 2,000 12,000 0 
Net bid guaranteed cost 14,092 12 ,620 20,520 
Number of hours or years bid 

(Basis 1 year ; 1,270 hours) 
Years 5 5 10 
Hours 6,350 6,350 12,700 

Net bid cost per hour 2.22 1.99 1.62 

on the bid proposal that continuance or improvement of current equipment maintenance 
practices would be satisfactory. If not, the department might have awarded a bid ex
pecting substantial savings only to find out that certain guarantees did not apply unless 
suppliers agreed to the department's performance practices. This seemed reasonable 
as the department's projected parts cost and resale values were based on past and 
current maintenance practices. 

It was further suggested that in the case of guaranteed parts cost of graders the low 
costs of one be allowed to compensate for the high costs of another. For example, if 
a supplier guarantees $1,500 parts cost and on one piece of equipment the costs are 
$2,000 but on another $1,000, the evaluation of supplier perfo rmance would be based 
on the average not on individual graders. 

It was reiterated that this type of bidding should be used for dozers and loaders as 
well as for graders and on a continuing basis. Procedures for calculation of existing 
total costs for dozers and loaders were viewed as the same as those for graders. 

RESULTS AND REFLECTIONS 

Results of the study were the general implementation of the recommendations made. 
Stipulations were made providing assurances to the Virginia Department of Highways 
that it would receive adequate delivery of repair parts, and certain provisions were 
made regarding direct ordering of parts including securing them on a yearly needs basis. 

In the fall of 1967 bidding was permitted on the alternative basis recommended in 
the study (projected total hourly costs of an initial price bid as compared with total 

guaranteed hourly costs). The bidding pro
cedures incorporated in the specifications 
conformed to those suggested in the study 

TABLE 10 

LOWEST GUARANTEED TOTAL COST BID FOR 
15 MOTOR GRADERS 

Cost Elements 

Initial price 
Interest compounded at 4 percent 

($216 per $1,000) 
Guaranteed maximum parts cost 
Total initial price 
Guaranteed repurchase price at 5 years or 

6 ;350 hours (whichever comes first) 
Net bid price 
Hours used for 5-year perioda 
Net costs per hour 

Amount 

26 ,448.00 

5,712 .77 
700.00 

32 ,860.77 

19,042 .00 
13,818 .77 
6,350 

2.1761 

Source: Completed forms of Bid Inquiry of the Virginia Depanment of 
Highways. 

8Five years was used in guaranteed cost bidding because suppliers could not 
secure a bid bond for a greater length of time. 

and were used in purchasing 15 motor 
graders. 

Data given in Tables 10 and 11 indicate 
that the lowest guaranteed total cost bid 
submitted to Virginia was $0.30 per hour 
greater than the projected costs of the ini
tial price bid. Based on 12, 700 hours' usage 
per motor grader, Virginia saved over 
$50,000 by not awarding the bid on the basis 
of the lowest guaranteed total costs. 

More important, however, as revealed 
by data given in Tables 12 and 13, if inter
est were not used in the purchase evalua
tion, the guaranteed total cost method 
would have been considered cheaper and 
would have resulted in a fictitiously low 
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TABLE 11 

PROJECTED COSTS OF WWEST INITIAL PRICE BID 
AND COSTS OF GRADERS P URCHASED 

Cos ts Elements 

Initial price 
Interest compounded at 4 per cent 

($480 per $1,000) 
Estimated parts cost (28 cents an hour for 

12,700 hours) 
Total initial cos ts 
Estimated resale value at end of 10 years 

(9 percent of initial price) 
Net total cost 
Hours used for 10-year period 
Net costs per hour 

Amount 

14,591.00 

7 ,003.68 

3,556.00 
25 ,150.68 

1,313.19 
23,837.49 
12 ,700 

1.8770 

Source: Completed forms of Bid Inquiry of the Virginia Department of 
Hi9hways 

TABLE 12 

LOWEST GUARANTEED TOTAL COST BID EXCLUDING 
CONSIDERATION OF INTEREST FACTOR 

Cost Elements 

Initial price 
Guaranteed maximum parts cost 
Total initial price 
Guaranteed repurchase price at 5 years or 

6,350 hours (whichever comes first) 
Net bid price 
Hours used for 5-year perioda 
Net costs per hour 

Amount 

26,448.00 
700.00 

27 ,148.00 

19,042.00 
8, 106.00 
6 ,350 

1.2765 

Source: Completed forms of Bid Inquiry of the Virginia Department of 
Highways. 

8 Five years was used in guaranteed cost bidding because suppliers could not 
secure a bid bond for a greater length of time. 

statement of costs and an improper management decision. In addition, by excluding 
interest the total costs resulting from either the projected initial price bid or the guar
anteed total cost bid would have represented only 60 to 70 percent of the true costs. 

Furthermore, this mistake probably would have been repeated several times, would 
have cost the Virginia Department of Highways hundreds of thousands of dollars that 
could have been used for road construction, and could have created an illusion of sub
stantial dollar savings. 

It is recognized that, except for the rapid decline in resale value in the last 5 years , 
obsolescence was not considered in the total cost bidding formulas. It is the author's 
opinion, however, that the increased resale value of the projected initial bid price method 
(plus the reduced parts cost) would have yielded at least a level of 30 percent of initial 
price or a $10, 000 net bid price figu r e based on a $14,591 initial price projected over 
a 5-year rather than a 10-year period. 

In this case approximately $3,800 per grader would have been saved over the lowest 
guaranteed total cost method, or still approximately $50,000 for 15 graders. The ques
tion of replacing graders every 5 years was brought to the attention of the department, 
but feeling was that this was not desirable solely on the grounds of considerations of 
obsolescence. This opinion was confirmed by the suppliers themselves in that they felt 
secure in guaranteeing lower overall total costs on a 10-year basis but could not do so 
because of the time limitation on bid bonds as well as (in some cases only) unstable 
dealer-manufacturer relationships. If, however, another state examines this problem 
it is the opinion of the author that the question of equipment obsolescence might be re
examined from the standpoint of optimum timing of equipment replacement rather than 
from the viewpoint of purchasing bidding procedure. 

Further reflecting on the study and subsequent events led to the suggestion that total 
cost purchasing does not necessarily require the awarding of the bid to the supplier that 
offers the lowest guaranteed total cost, because true total cost purchasing or bidding 

necessitates an evaluation of alternative 
methods of purchase (projected total costs 

TABLE 13 

PROJECTED COSTS OF LOWEST INITIAL PRICE BID 
EXCLUDING CONSIDERATION OF INTEREST FACTOR 

Cost Elements 

Initial price 
Estimated parts cost (28 cents an hour for 

12,700 hours) 
Total initial costs 
Estimated resale value at end of 10 years 

(9 percent of initial price) 
Net total cost 
Hours used for 10-year period 
Net costs per hour 

Amount 

14,591.00 

3,556 .00 
18,147 .00 

1,313 .19 
16,833.81 
12,700 

1.3254 

of an award on the basis of lowest initial 
bid price versus lowest guaranteed total 
costs). The principle of total cost bidding 
is, however, viewed as sound provided 
that the purchaser (a) knows his costs of 
operation under his current purchasing 
procedures, (b) includes interest in his 
calculations, (c) compares results of al
ternative methods of purchase, and (d) does 
not accept "total cost" formulas until their 
implications have been thoroughly evaluated. 
In addition, guaranteed total costs may be 



35 

more favorable to a purchaser of dozers and loaders because of greater similarity in 
initial prices of different brands of this equipment than exists in those of different brands 
of motor graders. 

DISCUSSION OF REVIEWER'S COMMENTS 

The following comments were received by the author from reviews requested by the 
sponsoring Highway Research Board Committee (the reviewers are unknown to the author 
and therefore are not cited): 

I believe the author needs to explain in more detail the reference he has made to interest costs. 
In reviewing this paper, I am left at a loss as to the full determination of the interest costs referred 
to in his analysis. Otherwise a very excellent report. 

Loss of time due to delay in delivery parts was not sufficiently stressed . 
Interest was figured on a 5-year basis and compared with costs where interest was figured for 10 

years was shown as market value whereas the value could be expected to be greater as a trade-in . 

It is apparent that there was some misunderstanding of interest costs from what was 
intended. In an effort to clarify these costs the following is offered. 

At the time of the recommendation of adoption of the alternate bids (1965), interest 
on tax exempt bonds was viewed as 4 percent. It was felt that, because the Common
wealth of Virginia was tying up cash (particularly on a high initial price, high guaran
teed repurchase price basis), an estimate of the costs of capital should be made. These 
costs were viewed in interest terms, and as a result most conservatively, because they 
could be viewed in terms of alternate returns on investment, which is estimated to be at 
least 10 percent on Virginia's highway investment. 

Interest was also used to prevent the suppliers from establishing an artificially high 
initial price (thereby using Virginia funds for their own capital ventures for 5 years) 
with an artificially high guaranteed repurchasing price. This in fact would have been 
the result had not the costs of capital (viewed as 4 percent interest) been incorporated 
in the formula for evaluating alternate bids. 

Interest was figured on a 5-year basis when evaluating 5-year guaranteed repurchase 
bids and on a 10-year basis when projecting total hourly costs of the lowest initial price bids. 

The guaranteed bids could be guaranteed on only a 5-year basis (because of limita
tions of supplier or "bonder" capability) and so should not be evaluated on the basis of 
10-year interest costs because these costs were apportioned to only one-half the num
ber of hours as interest costs on the lowest initial price bid. 

Because it was found most economical for the state to keep equipment on a 10-year 
basis (if buying for ownership), the lowest initial price bid was projected in this manner. 
It should be recognized that the true costs are costs per operating hour whether on a 
5-year or 10-year basis, and this would naturally result in higher interest costs for 
the 10-year projected bid but higher repurchase values on the 5-year bid. 

After 10 years the value of equipment was deemed at market (not trade-in) value 
because 10 years is considered to be the complete life cycle of a grader-at least for 
Virginia's usage. Furthermore, if past experience means anything, a higher initial 
price for a grader 10 years hence would probably more than offset any difference be
tween market and trade-in value. 

Tables 4 and 5 and the accompanying narrative recognize the significance of loss of 
time due to delay in delivery parts. As a matter of fact these delays were deemed so 
significant by the author that it was recommended to the management of the Virginia 
Department of Highways that no more than 5 days' delay should be tolerated, and very 
high punitive costs should be incorporated in department specifications for delays ex
tending beyond this period of time. Upon reflection, however, it is admitted that per
haps 5 days does not sufficiently stress this loss of time, and the number of days' delay 
allowed for in the specifications should be reduced. 

In conclusion the author is a bit concerned about the misunderstanding in interest 
cost considerations as these seemed more "obvious" (perhaps the author's style has 
unnecessarily "muddied the waters"); he is most grateful for the comments relating to 
repair parts delay and feels compelled to agree, at least in part, with the reviewer's 
statement on this latter subject. 
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Discussion 
R. E. EDWARDS, Caterpillar Tractor Company-The Virginia study was initiated in 
1965 to determine how to purchase dozers, loaders, and graders at the lowest overall 
cost to the Virginia Department of Highways. Data collection and analysis, however, 
were restricted to motor graders because of the time available and the difficulty in 
obtaining detailed cost data on the equipment. Bids for fifteen 125 hp motor graders 
were called for by the state in April 1968. 

Based on the preliminary results of the Virginia study, suppliers were asked to bid 
conventional low initial price or guaranteed total cost or both; the state then reduced 
the low initial price bids to cost per hour of operation through a formula developed by 
Mr. Doom. Because owning and operating costs were not guaranteed in the conventional 
low initial price bids, the state had to use past records to estimate these costs. Accord
ing to the Virginia study, comparing these cost per hour figures with the guaranteed 
total cost figures would allow the state to purchase graders at the lowest overall cost. 
The method used in the study compared guaranteed total cost bids on a 5-year basis 
with low initial price bids, modified by the state, on a 10-year basis. Total cost bid 
evaluation was limited to 5 years because this was the maximum number of years for 
which bid bonds could be obtained. 

The major contention of the Virginia study is that a false impression of total cost 
is created unless investment cost (interest) is included in the total cost calculation. 
In the study, an interest rate of 4 percent was selected in an effort to include foregone 
interest. "This rate was based on the, then appropriate, rate of tax exempt bonds." 

The inclusion of interest is often an important consideration when analyzing alter
native investment decisions. However, in this particular case, the decision is not what 
alternative investment should be selected but what make of motor grader should the 
State of Virginia purchase. The choice is not between a motor grader and a dozer but 
between 2 motor graders-one offering no guarantees to the user, and the other guar
anteeing maximum repair cost and minimum repurchase value. If interest is considered 
at all in this purchase, it should be considered only on the incremental difference be
tween the initial price of the low bid grader and the total cost grader. This can be ac
complished by evaluating what the additional investment will provide in terms of return 
on investment. 

In making this decision, it is very difficult to assign a monetary value to the guar
antees of the total cost bid. On the other hand, it is difficult to ignore the increase in 
value these guarantees add to the total cost bid grader. Mr. Doorn has elected to over
look any relationship these guarantees have with cost of machine ownership and instead 
has chosen to analyze the bids on the basis of selected cost variables. 

In order to select the cost variables to be used in evaluating machine purchases, the 
Virginia study first identified the factors relevant to motor grader costs: initial price; 
resale value; parts cost; labor costs; cost of capital (interest cost); obsolescence, in
surance, and convenience; service and parts distribution capabilities and policies of 
the supplier; total hours used; and maintenance practices of the user. However, the 
Virginia study concludes: "Although all these costs are relevant in evaluating overall 
hourly equipment costs, only initial price, cost of capital (interest), repair parts, and 
the resale value depend on the specific brand of equipment purchased." 

This arbitrary reduction in cost variables limits the study's capability to determine 
total costs, primarily because a significant portion of actual machine operating expenses 
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have been excluded. By eliminating these factors, the Virginia experiment with total 
cost bidding assumes that items of cost such as repair, labor, and downtime caused 
by delay in parts delivery are not significant expenses. In reality, these expenses can 
account for a sizable portion of the actual cost of owning heavy equipment and are in
cluded in most total cost bids. 

Elimination of labor and downtime from the bid prevented a completely realistic 
evaluation of total costs. To protect the machine owner against excessive downtime, 
most total cost bid specifications include a stringent parts delivery penalty clause. 
Mr. Doom recommended to the State of Virginia the inclusion of a 5-day penalty clause 
but, in fact, such a clause was not included in the final Virginia specifications and was 
therefore not included in the analysis of the alternative bids. 

A review of the Virginia study reveals some additional shortcomings. 

1. The Virginia study, which was utilized in 1968 to evaluate motor grader bids 
over the period of 1968 to 1978, assumes that parts cost are constant (based on figures 
computed during the years 1958 through 1965). In reality, when costs are projected 
over future time periods, sizable adjustments must be made to compensate for infla
tionary effects. The total cost bid, on the other hand, included a guaranteed figure for 
parts cost over the period from 1968 to 1973. 

2. The Virginia study assumes that motor grader usage and availability will be uni
form over the entire 10-year period (i.e., 6,350 hours for 5 years, and 12,700 hours for 
10 years). In reality, the average hours motor graders are used tends to decrease 
with age, particularly during the second 5 years. In addition, operating costs for "low 
initial price" motor graders during the sixth through tenth year can be expected to in
crease sharply. By comparison, motor graders purchased under guaranteed total cost 
would never be older than 5 years. 

3. The major importance of the guarantees inherent in a total cost bid seems to have 
been overlooked by the Virginia study. It should have been made absolutely clear that, 
in a total cost bid, maximum parts cost and minimum repurchase price are completely 
guaranteed in writing and covered by a performance bond. This is contrasted with the 
low initial price bid that includes absolutely no guarantees on the "estimated" parts 
cost and "estimated" resale value. A powerful and persuasive argument in favor of 
total cost bidding is the protection offered by the total cost bid guarantees against ex
cessive parts cost, and rapid depreciation associated with "low initial price" heavy 
machinery. These guarantees constitute an insurance against loss; therefore, some 
consideration of value should be associated with this protection. 

The approach and conclusion of the Virginia study do not provide truly valid answers 
to the problem of purchasing motor graders. In spite of significant differences in ini
tial price, the guaranteed total cost method can still produce important savings. These 
savings will increase when purchasing heavy machinery with greater similarity in ini
tial price. 

Perhaps the greatest shortcoming of the study is that it gives the impression, on the 
basis of one bid and one analysis, that all total cost bids for motor graders are more 
costly than low initial price bids. The overall impression given by the Virginia study 
is that total cost bidding is not the best way to buy motor graders, but no substantial 
evidence is presented to indicate that total cost bidding is generally more costly. The 
Virginia study contains the following major deficiencies: 

1. Comparison of alternate investments over unlike periods of time by reducing the 
cost to an hourly basis without giving full consideration to the effect of compounding 
money over different time periods; 

2. Elimination of labor, downtime, and parts delivery capability from the cost anal
ysis; 

3. Failure to consider price inflation, along with parts cost data, in analyzing the 
low initial price bid; 

4. Assuming that motor grader usage and availability will remain uniform over a 
10-year period; and 

5. Overlooking the major importance of the guarantees inherent in a total cost bid. 
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Total cost purchasing is now being widely used in the United States by many progres
sive governmental agencies. In the past 6 years, governmental bodies in 45 of the 50 
states have begun using this purchasing sys tem. To date, more than 800 pieces of 
heavy equipment, representing roughly $20 mi llion, have been bought by 400 govern
mental bodies, ranging in size from the federal government to small m unicipalities . 
State highway departments in Maine, Florida, California, and Arizona are using total 
cost purchasing successfully. We compliment the state of Virginia on its extensive 
study and evaluation of alternate methods of purchasing heavy equipment, but feel most 
sincerely that the results thus far are incomplete and should not form the basis for 
any firm conclusions. After further study and analysis, we feel confident that the state 
of Virginia will also become an enthusiastic supporter of total cost purcp.asing on all 
types of heavy equipment. 

IRA F. DOOM, Closure-I shall comment on what I believe are the major points raised 
in Mr. Edwards' review of my paper and make additional observations that I believe to 
be pertinent to the subject of total cost purchasing. 

The suggestion that a selection between dozers and graders represents an alternate 
investment decision but that a selection between alternate brands of graders does not 
appears to indicate some confusion regarding the nature of investment decisions. Al
ternate investment decisions are based on the different uses of funds, grader versus 
dozer or grader A versus grader B, and so interest considerations should be included 
in the evaluation of either alternative. I agreee that "inclusion of interest is often an 
important consideration when analyzing alternate investment decisions," and therefore 
suggest that interest should be considered when evaluating alternative investments be
tween graders. 

In further consideration of alternate investments, a return on investment factor (es
timated to be more than 10 percent on Virginia's highways) rather than interest might 
logically have been used. Use of such a factor of course would have detrimental effects 
on the supplier with high initial prices-Caterpillar, for example, in the case of graders. 

The implication that the reduction of alternate investments over unlike periods of 
times to cost per hour terms was unfair is surprising, because this was done to accom
modate those suppliers-including Caterpillar-who could not guarantee total costs for 
more than 5 years as an alternate to state equipment ownership. Efforts to accommo
date these suppliers so as to ensure them equal treatment are summarized in the last 
section of the paper as follows: 

The guaranteed bids could be guaranteed on only a 5-year basis (because of limitations of sup
plier or "bonder" capability) and so should not be evaluated on the basis of 10-year interest costs 
because these costs were apportioned to only one-half the number of hours as interest costs on the 
lowest initial price bid. 

Because it was found most economical for the state to keep equipment on a 10-year basis (if buy
ing for ownership), the lowest initial price bid was projected in this manner. It should be recognized 
that the true costs are costs per operating hour whether on a 5-year or 10-year basis, and this would 
naturally result in higher interest costs for the 10-year projected bid but higher repurchase values 
on the 5-year bid. 

An additional point concerning interest raised by the reviewer is most significant in 
that on the surface it appears plausible but the consequences of contract agreement 
would be most unfavorable to the buyer. The statement made by the reviewer is as 
follows: "If interest is considered at all in this purchase, it should be considered only 
on the incremental difference between the initial price of the low bid grader and the 
total cost grader. [Low initial bid and lowest total cost may be the same and certainly 
are not mutually exclusive.] This can be accomplished by evaluating what the additional 
investment will provide in terms of return on investment." In numerical terms his 
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suggestion means that, if the initial price of one grader is $14,000 and that of another 
is $25, 000 (appr oximately the spread between Caterpillar a nd the lowest overall total 
cost grade1· purchased), only $ 11,000 inter est should be considered. This procedur e 
assumes that money is free, or at least $ 28,000 of $ 39,000 is, and from a personal 
point of view I would very much like to agree with Mr. Edwards but I am afraid such 
an assumption is unrealistic. 

Downtime was not, as he states, assumed to be insignificant but rather was treated 
separately in the paper in a full section. Recommendations were made to provide pen
alty clauses for delays in parts delivery beyond 5 business days. Also, in response to 
Highway Research Board reviewers, the following was stated in the last section: 

Tables 4 and 5 and the accompanying narrative recognize the significance of loss of time due to 
delay in delivery of parts. As a matter of fact these delays were deemed so significant by the author 
that it was recommended to the management of the Virginia Department of Highways that no more 
than 5days' delay should be tolerated, and very high punitive costs should be incorporated in depart
ment specifications for delays extending beyond this period of time. Upon reflection, however, it 
is admitted that perhaps 5 days does not sufficiently stress this loss of time and the number of days' 
delay allowed for in the specifications should be reduced . 

The bid proposal stated that "prompt delivery of repair parts will be expected", and so 
Virginia did in fact take into account repair parts delivery in its evaluation in contrast 
with Mr. Edwards' implications. 

Labor costs were assumed to be equal between the state and the supplier but not 
"insignificant" as stated in the review. 

The costs of ordinary repair parts (wearable items) were not i ncluded because t hose 
suppliers who were interested in bidding under the guaran teed method said that wear of 
ordinary parts depended on the state of maintenance and they (including Caterpilla r ) 
could not guarantee these costs. This fact is recognized by the statements: "Supplies 
of wearable items represent the principal expenditures of the two [wearable items and 
parts] but could not be practically taken into account in cost evaluation. This was be
cause none of the suppliers was willing to guarantee supply costs, contending they were 
directly dependent on grader usage rather than on grader quality." It is a bit disappoint
ing to be criticized for making accommodations to the guaranteed bidding method {" total 
cost bidding" in Mr. Edwards' terms) by a representative of a company whose repre
sentatives had previously stated that without such accommodation guaranteed bidding 
would be placed at a disadvantage. As a matter of fact, if Virginia had insisted on 
guarantees on wearable item costs, this would have precluded the Caterpillar Tractor 
Company from bidding at all, or at least this is what Virginia was told by Caterpillar 
representatives at the time. 

The statement regarding the failure to consider inflation is correct. If inflation is 
considered as Mr. Edwards suggests, parts costs would increase over time but so would 
the initial price of a second grader at the end of 5 years. If both p~rts and initial price 
were taken into "inflation account", this would almost certainly be to the disadvantage 
of Caterpillar, because its initial price offers a much bigger inflationary base than do 
parts costs-at least if Caterpillar's guarantee was anywhere near realistic. 

The implied question of obsolescence is a good one-maybe graders should be re
placed at 7 or 8 instead of 10 years; but operating costs were not assumed to be con
stant, as Mr. Edwards implies, because in taking into account repair costs we used 
4- to 7-year averages, not 10-year averages. This is stated more specifically in the 
paper. 

The value of a guarantee depends of course on what is guaranteed. In this case, the 
risks of ownership were assessed by actual records of past experience so that leasing 
versus ownership, as well as different brands of graders, could be evaluated; the costs 
in this instance proved to be less for ownership. In addition, those wishing to guarantee 
bids up to 10 years, including Caterpillar, were given the opportunity to do so but 
stated they could not. Furthermore, Mr. Edwards' implication that low initial price 
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heavy machinery has excessive parts costs and rapid depreciation may be true in some 
instances, but certainly not in all. (If this line of reasoning is followed to its ultimate 
conclusion, the quality of equipment can be raised merely by raising the price of this 
equipment!) 

The author did not intend to give the impression that total cost bids for motor graders 
or any other piece of equipment are bad, but merely referred to a particular bid in 1965. 
In addition, this impression should not have been gathered from reading the paper; the 
paper states, "The principle of total cost bidding is sound as long as it is accompanied 
by a detailed analysis of the purchaser's current costs, a comparison of guaranteed 
costs with current costs, an examination of the interests of potential suppliers, the in
clusion of the interest factor, and provisions ensuring speedy parts delivery in order 
to prevent unnecessary and expensive downtime .... In addition guaranteed total costs 
may be more favorable to a purchaser of dozers and loaders because of greater simi
larity in initial prices between different brands of equipment than in those of different 
brands of motor graders." 

A final comment is related to both the state of Virginia and total cost purchasing. 
Virginia was the first state to initiate performance purchasing of tires, and it initiated 
as well formal studies on total cost purchasing. 

It is pointed out that the lowest guaranteed total cost bid does not necessarily result 
in the lowest purchasing costs in total cost terms. In other words, total cost bidding 
and total cost purchasing are not necessarily the same in all instances, as Mr. Edwards 
implies. Total cost bidding (guaranteed leasing arrangement) is merely an alternative 
to ownership in attempting to achieve the least overall costs. In some cases leasing 
will be more favorable, while in others ownership will be to the buyer's and/or user's 
advantage. 

Furthermore, it of course makes good sense for Caterpillar to want to omit interest 
or return on investment considerations from government buying decisions, and to in
clude resale values. This is because it is at a competitive disadvantage on the one hand 
and has a competitive advantage on the other. 

If Virginia should choose to exclude both interest and the possibility of ownership, 
this would be unfair to Virginia as well as to most suppliers, and total cost purchasing 
must be just that-not total cost bidding as dictated to Caterpillar's advantage and tai
lored to Caterpillar's assets, which are considerable, and ignoring the liabilities of 
its competitive situation. 

This does not mean to say that Virginia's alternate bidding formula will be the best 
in the future either. Obsolescence, performance assessment, timing of equipment re
placement, rates of equipment usage, and pooled purchasing agreements are areas of 
investigation that I believe should improve the state of the art of total cost purchasing. 




