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BID ANALYSIS 

For a number of years, in North Carolina, we have used a series of computer 
programs to expedite the handling of bid-letting data and associated items. We are now 
in the process of adding another major program to the series that will greatly expand 
the current bid facilities and, at the same time, reduce much of the manual work. The 
new bid series will use the engineer's estimated unit bid prices to assemble the bid 
items into the proposals, write the item sheets, and list all of the bre*downs for 
state and federal highway projects. After the letting, all of the listings are repeated 
and the low bidder's prices are used. The new bid system in conjunction with a system 
such as a magnetic tape selectric typewriter for the preparation of project special pro-
visions provides our plans and proposal section with a system that is as automated as 
possible at the present time. 

The main purpose in adopting a new bid system was to ease some of the work load 
caused by the presence of multiple projects within one contract and to facilitate the 
classification of quantities for each in the proposal. It also allows us to separately 
prepare sets of items such as roadway, signing, landscaping, culverts, and bridges 
and to use the computer to combine these sets into one proposal. In the past, the com-
putation of these breakdown estimates has been an extremely time-consuming task for 
the engineer. For example, one structure proposal had 17 bridges and 2 federal-aid 
numbers, which required the assembling of 20 different estimates. With the new bid 
system, this proposal would require only about a minute on the computer. On another 
occasion, a group of eight bridges and a section of roadway were to be let in two sep-
arate contracts. Shortly before letting day, the roadway and structures were combined 
into one contract, which caused a tremendous amount of work. With the new system, 
there would have been no difficulty in making the change. 

Once the engineer has completed the computation of the quantities and items that 
make up each project or breakdown, he must prepare input data forms for those proj-
ects. We have approximately 500 standard item descriptions that account for about 90 
percent of all bid items used except for right-of-way and landscape items. These 
standard items are stored and may be recalled by a three-digit code. Nonstandard or 
special items must be completely written out on the input form. The items on the input 
form are also given a line or ordinal number. These numbers are usually given in in-
crements of 2 so that additional items may be added or deleted without disturbing the 
remaining numbers. When a computer output is obtained, these lines are renumbered 
in the standard number sequence, i.e., 1, 2, 3, 4. The maximum number of items 
allowed in one proposal is 400, and we have had as many as 370. The maximum num-
ber of breakdowns that are allowed for any proposal is 30. 

In each item description, there is also a code letter to indicate the group type to 
which an item belongs, e.g., grading, paving, culverts, or bridges. From this a cost 
analysis of each group can be made. 

After the input forms are processed, the breakdown quantities are totaled in the 
computer for each proposal, and a list with the total quantities is printed for the use 
of the plans and proposal section in assigning unit prices for the various items in the 
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proposal. These unit prices are returned to the computer section, and three additional 
lists are prepared. 

The first list contains total quantities for the proposal, from which group costs are 
obtained. The second list contains each separate breakdown, from which cost per foot 
for roadways, cost per square foot for bridges, and cost per cubic yard of waterway 
for culverts are obtained. The third list is for the use of the Federal Highway Admini-
stration and is arranged according to its code. 

Item sheets may be printed at any time to be photocopied and included in the pro-
posal; they are usually printed on colored paper to simplify assembling the proposal 
and to facilitate their use. 

When alternates are present in a proposal, there are two methods of selecting ma-
terials, both of which depend on whether the material choice causes any change in the 
number of items concerned or the quantities or both. 

If the items and quantities are basically the same, the bidder may specify an X, in 
the space provided, for the material he wishes to use for the next predetermined num-
ber of items. 

Where the material choice affects the quantities, for example, in brick end walls or 
concrete end walls, there are several items on each side of an alternate. Contractors 
may bid on either side of the alternate without specifying which side or may even bid on 
both sides, in which case the program selects the most economical items and discards 
the others. 

Bidding cards are made up for the exact number of bidders on letting day. These 
prepunched cards contain the computer proposal number, item number, and lump sum 
or total in the unit price bid columns where appropriate. Three item bids are entered 
on each card. 

The data processing section normally receives the proposals about Tuesday noon 
and usually completes the processing about 10:00 a.m., Wednesday. The letting output 
includes (a) listings of all bidders, three to a page; (b) the engineer's estimate and low 
bidder printed side by side; and (c) the letting summary showing the three low bidders 
and the date of availability and date of completion for the project. 

After the letting, all engineering breakdowns for the different work orders in the 
projects are recomputed, and the actual unit bid prices received from the low bidders 
are used. 

For the computation of average unit bid prices, a tape is written of the low bidders' 
prices, and for each bid item the item description number, quantity, and amount are 
later punched into the cards along with header information. The header data include 
the letting date (year and month), the project number, the route number, the location 
(county, division, and area), and the roadway standard (Interstate, primary, secondary, 
and rural). The low bid costs are checked out each month and accumulated. 

Every 6 months, we print the header details with the total costs, followed by the 
quantity and average unit bid for each standard item. This is done first for the whole 
state, then for each of the 14 divisions. For each year, we print and distribute books 
containing the average unit bids for each standard item. 

On demand, we can make a choice of averages by date, project number, route, lo-
cation, or highway standard. This has been very useful in making Interstate highway 
estimates. 

GUARDRAIL LOCATIONS 

We have used the computer to determine guardrail locations in preliminary design 
for several years. Our program bases guardrail warrants entirely on embankment 
geometry as outlined in the National Cooperative Highway Research Program Report 54. 

Our guardrail program is a subsystem of the earthwork system. The guardrail loca-
tions, along with the slope required to eliminate the guardrail, are returned each time 
the earthwork system is run and the guardrail is requested. This enables the design 
engineer to determine whether it is more economical to flatten fill slopes to eliminate 
the need for guardrail or to place the guardrail. 

This study can be conducted in a variety of ways; the following approach can be used 
both by installations that have a plotter and by those that do not. 
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Figure 1. Construction limit plot with clearing-seedingguardrail. 
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A guardrail and construction limit plot are prepared for the roadway section (F'ig. 1). 
The slopes used are printed on the left and right sides of the sheet. In areas where 
guardrail is warranted, the slope required to eliminate the need for guardrail is 
printed next to the slope used. The clearing and seeding areas are the next items 
printed and then the distance from the centerline of lane to the right-of-way. The 
right-of-way line is indicated by a row of I's and the slope stake line by a series of 
dots. This gives the design engineer an idea of how much he may flatten slopes without 
exceeding the right-of-way. At guardrail locations, a series of asterisks representing 
the lane centerline is printed next to the row of I's. The station value at which the 
cross sections are taken is the final item on the listing. 

This list was generated on a printer; if a plotter were used, a better representation 
of the right-of-way line and slope stake limits could be obtained. The total areas of 
clearing inside and outside the right-of-way are printed at the bottom of the list along 
with the areas for erosion control. 

CONSTRUCTION SCHEDULING 

The use of the critical path method for the scheduling of highway construction work 
has been tried several times in North Carolina. The results have not been satisfactory. 
The major difficulty in preparing a critical path before a contract is let is that the exact 
resources of the successful bidder are not known; the critical path is, of course, some-
what dependent on these resources. However, the method does help the engineer in 
planning work over which he has control. The method requires that the engineers fa-
miliar with construction requirements, bridge design, and roadway design get together 
and build the highway on paper. This eliminates some of the problems that occur during 
the actual construction of the project. 

The difficulties in preparing a critical path may possibly be avoided by preparing 
a tentative critical path based on past experience with similar projects. Once the con-
tract has been let, this tentative critical path could be changed to conform to the capa-
bilities of the contractor. Once these changes are made, a final critical path could be 
prepared for use in the construction of the project. 

ESTIMATING EARTHWORK QUANTITIES 

The use of computers to compute final earthwork quantities has simplified the work 
of resident engineers. 

We are set up to handle cross sections, which may be taken in several ways. The 
fastest method is the use of photogrammetric processes. In this system, the project 
area is flown and photographed in stretches of approximately 2 miles as it is cleared 
and grubbed. Vertical and horizontal controls are, of course, established at the time 
of photographing, and the cross sections prepared on a stereo compiler are closely 
edited for conformance to these controls. When grading is completed, the project area 
is photographed again; these photographs provide information for the final, or as-graded, 
cross sections. After these sections are edited to ensure conformity with the vertical 
and horizontal controls, they are merged with the original sections and the volumes 
are computed. When a section is paved before being photographed, the resident engi-
neer must supply template sections that cover the area from ditch point to ditch point; 
the remainder of the section is supplied by the photogrammetric section. 

On small jobs where the cost of flying is not justified by the savings in time, cross 
sections may be taken by field methods. These field sections also serve as input to the 
final estimate volume program. The program is flexible enough to handle a mixture of 
the two types of sections if necessary. 

The output of the program consists of excavation quantities, and embankment quanti-
ties and borrow pit calculations are available if desired. On sections that are taken by 
photogrammetric processes, or sections that are taken to actual elevations, the center-
line subgrade elevation is given. The left and right tie point distances from the center-
line are also given along with the depth of cut or height of fill at the tie point. 


