BID EVALUATION BY
LEAST COST ANALYSIS

Selecting pipe materials best suited for service
as a storm sewer, culvert, sanitary sewer, or small
bridge replacement is of primary importance to the
design engineer. Selection is based on hydraulic
efficiency, structural integrity, durability and cost.
Most engineers are well acquainted with hydraulic
and structural design criteria, but the effect of
product durability on the total cost may not be
clearly understood. On many projects when alter-
nate materials are bid, selection is too often based
on first cost. However, the alternate with the lowest
first cost may not be the most economical selection
for the design life of the project. The most econom-
ical alternate must be determined through a least
cost analysis.

LEAST COST ANALYSIS

A least cost analysis is an effective method of
evaluating two alternative materials with different
service lives for economic equivalence. The factors
which affect the analysis are:

Project design life
Material life

First cost

Interest rate
Inflation rate
Replacement costs
Residual value

First cost of a pipe material is imporiant to the
engineer and owner, but does not reveal the entire
costofthe pipeline. Ifthe service life of an alternate
material is less than the project design life, future
replacement costs must be considered. If the ser-
vice life of an alternate material is greater than the
project design life, residual value at the end of the
project design life must be considered. Future
replacement cosis involve assumptions about infla-
tion and interest rates. High and fluctuating infla-
tion and interest rates have been with us for some
time, and assumptions about their magnitude 25,
50, or 100 years hence are merely guesswork. The
method of least cost analysis is designed to elimi-
nate the least reliable aspecis of the assumptions
necessary to compare the effective costs of the
alternative materials.

EFFECTIVE COST

Effective cost of an alternate material is its total
cost, in today’'s dollars, which includes first cost,
any replacement costs during the project design
life, and any residual value at the end of the project
design life. For each alternate material, therefore,
three possible cases exist for determining effective
cost:

* Case 1: Material life = Project design life

« Case 2: Material life < Project design life

+ Case 3: Material life > Project design life

Case 1 ,

When the alternate material life is equal to the
project design life, its effective cost is simpiy the
bid price:

EC=P (1)
where:
EC = Effective cost, dollars
P = Bid price, dollars

Case 2

When the alternate material life is less than the
project design life, its effective cost is the bid price
plus the present value total of all replacement costs
adjusted for inflation:

EC=P+Z[P><E><W:| ()

where:
IF = inflation factor
PVF = present value factor

The inflation factor converts the current bid price
to the future replacement cost:

IF=(1+1)" (3)
where:
| = inflation rate
n = material life, years




and the present value factor converts future re-
placement costs fo today’s dollars:

1 n
PVF = (757) )
where
i = Interest rate

Substituting the terms from equations 3 and 4, and
simplifying, equation 2 becomes:

comp [+ (1) (1)
D

m = Total number of pipe replacements

(8)
where:

This form of the equation is usable, but requires
assumptions of future interest and inflation rates
which could vary widely as have rates in the recent
past. Calculations, however, reveal that the value of
the interest factor times the present value factor is
virtually constant for specific differences between
the two rates. Utilizing a range of inflation rates
from four through 18 percent, and differences be-
tween the interest and inflation rates of one through
five percent, the maximum, minimum and average
values of the interest factor times the inflation
factor are shown in Table 1. Utilizing the average
values, Table 2 presents the combined interesi/
inflation rate factor raised to the n power for a
number of service lives related io differences be-
tween the rates.

Table 1. Interest/Inflation Rate Factor.

1+1
(-1 (1+i )
PERCENT
MAXIMUM | MINIMUM | AVERAGE

1 0.9916 | 0.9905 0.991

2 0.9833 | 0.9811 0.982

3 09752 | 0.9720 0.974
4 0.9672 | 0.9630 0.965
5 09593 | 0.9541 0.957

Table 2. Combined Interest/Inflation Rate Factor to n Power.

Case 3

When the alternate material life is greater than
the project design life, its effective cost is the bid
price minus the residual value remaining at the end
of the project design life. Assuming a straight line
depreciation, the effective cost of an alternate pipe
material with residual value at the end of the project

life is:
co=p[1-(252)(E)"] @

np = project design life, years

where:

SELECTION OF FACTOR VALUES
Use of the effective cost eguations requires se-
lection of realistic values for the various factors.
Guidance on the selection of appropriate values is
presented in the following sections:

Project Design Life

While most agencies expect roadways to last a
certain number of years, and embankments indefi-
nitely, incidental construction, such as drainage
pipe, is often specified with little regard for durabili-
ty. Based on a review of published culvert surveys,
the National Cooperative Highway Research Pro-
gram Synthesis No. 50, “Durability of Drainage
Pipe,” defines service life as “the number of years
of relatively maintenance-free performance,” and
further states “that a high level of maintenance may
justify replacement before failure occurs.”

The Synthesis offers guidelines to determine re-
quired project service lives for culverts under pri-
mary and secondary roads, with an appropriate
safety factor. Based on these guide recommenda-
tions, Table 3 presents the number of years of rela-
tively maintenance free performancethat should be
required for culverts. As indicated, all sewers are
classed as high type facilities, are located in urban
areas with difficult construction requirements, and
should be designed for 100 years of relatively main-
tenance-free performance.

Table 3. Project Design Life.

T+13\N
1)
PROJECT DESIGN LIFE
i-l, n, years Culvert, primary road 100 years
% 20 25 30 40 50 60 75 80 90 Culvert, secondary road 50 years
Sewer, all projects 100 years
1.0 | 0.835|0.798|0.762 | 0.697 }0.636 |0.581 |0.508 |0.485 (0.443
2.0 | 0.695]0.635|0.580(0.484 |0.403 | 0.336 |0.256 |0.234 | 0.195
3.0 | 0.580|0.518(0.454 | 0.349 [0.268 {0.206 {0.139 (0.122|0.093
4.0 | 0.490(0.410|0.343|0.240 |0.168 | 0.118 [ 0.069 | 0.058 | 0.041
50 | 0.415(0.333]|0.268|0.172 |0.111 | 0.072 |0.037 | 0.030 | 0.019




YEARS TOPOOR

Material Service Life

Major specifving agencies, such as the Federal
Highway Administration, Corps of Engineers, Soil
Conservation Service, and most state departments
of transportation have published reports on field
and laboratory investigations o determine the du-
rability of pipe materials and establish methods for
predicting service life. This publication will con-
sider only the findings and recommendations for
concrete pipe and corrugated metal pipe. A pre-
ponderance of the investigations and published
reports are on corrugated stee! pipe, because this
material has experienced critical durability prob-
lems in many culvert installations.

An extremely important report for the engineer-
ing profession is the Chio Department of Transpor-
tation publication “Culvert Durability Study.” Field
surveys were completed, and an interim report
presenting the data was published in 1972. The
analysis of data and recommendations are pre-
sented in the final report published in 1982. The
report evaluates the durability performance of both
concrete pipe and corrugated steel pipe under the
same environmental conditions, and presents pre-
dictive equations and graphs for establishing ser-
vice lives for both materials. The second issue of
the American Concrefe Pipe Association publica-
tion series, "Buried Facts,” reviews the Ohio Re-
port, and presents the procedures for evaluating
service lives.

A variety of soil, water, and bed load parameters
were evaluated. It was found that embankment pH
is neutral to alkaline throughout the state of Ohio,
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Figure 1. Concrete Pipe Life.

soll resistivities are very high, and water pH is also
relatively neutral, except for a few counties where
the pH is slightly acidic due to coal mine drainage.
From the survey, it is apparent that environmental
conditions are relatively neutral, and soils and water
do not possess any characteristics which would
contribute to premature deterioration of culverts.
The Ohio predictive graphs for material service life,
therefore, should be applicable or conservative for
other areas.

Figure 1 is the predictive service life graph for
conrete pipe, which relates pH and pipe slope to
the number of years for the pipe to reach a poor
condition. In evaluating pipe, the Ohio classifica-
tion system rated concrete pipe poor if there was
significant loss of mortar and aggregate, and the
concrete was in softened condition. Only nine con-
crete culvert pipe were rated poor and these are
being repaired to provide additional service. As
evident, concrete pipe in a neutral environment
can be expected to have a service life in excess of
1,000 years.

Figure 2 is the predictive service life graph for
plain galvanized corrugated steel pipe which pre-
dicts the amount of metal loss as related to pipe
age, pH of the water, and potential for abrasion. The
diagonal lines, representing the pH of the water, are
solid when there is a potential for abrasion and
dashed when there is no potential for abrasion. For
design purposes, the solid lines indicating a poten-
tial for abrasion should aiways be used, since, in the
100 or even 50 years of required project service
life, abrasion must be considered as a definite
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Figure 2. Predicted Metal Loss for Corrugated Metal Pipe.
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Figure 3. Bituminous Coatings.
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Ohio also evaluated corrugated steel pipe coat-
ings, and Figures 3 and 4 are the predictive service
life graphs for bituminous coatings, and bituminous
coatings with paving respectively. In evaluating
coatings, the Ohio classification system considered
the rating good, even if the surface of interior
coating was completely checked throughout, some
of the interior coating was gone, or the paving was
eroded to the top of the corrugations. The predic-
tive graphs, therefore, are liberal, and Ohio assigns
a 5 to 10 year service life to a bituminous coating
with paving, and no service life to only a bituminous
coating.

First Cost

First cost is simply the bid price for an alternate
material. Historical data may be used to determine
an appropriate value for pre-bid evaluations. If a
least cost analysis is included in the bid documents
as a basis for awarding the coniract, then the actual
bid price for the alternate materials would be used
in the effective cost equations. Guidelines for using
least cost analysis as a basis for contract award are
included in the Appendix.

interest/Inflation Rates

During the 1970's, the inflation rate fluctuated
from below 5 percent a year to above 13 percent,
yet interest rates generally led inflation by a few
points. Considering that inflation is the devaluation
of money by a certain percenteach year, itstands to
reason that the interest rate should equal or exceed
the inflation rate. Figure 5 compares the consumer
price index and average prime interest rate during
the 1970’s, and indicates a difference of approxi-
mately 2 percent, which appears to be an appropri-
ate value for present analyses.
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Figure 4. Bituminous Coatings with Paving.

Replacement Costs

The effective cost of alternate materials by the
least cost analysis method has been developed
considering only the cost, adjusted for inflation, of
material replacement under initial project condi-
tions of the shorter life material or the residual
value of the longer life alternate. There are many
costs involved in future total replacement which
have not been considered and are difficult to esti-
mate. Among these costs are mobilization and
demobilization, stream diversion, excavation, re-
moval of the existing pipe, backfill, pavement resto-
ration, traffic control and safety, and other incidental
costs. Recently, a bid was let to replace two corru-
gated metal culverts with concrete pipe under an
interstate highway. Although the total bid was ap-
proximately $300,000, the cost of furnishing and
installing the concrete pipe was only $50,000, cne
sixth of the total bid. The remaining quarter million
dollars was for the additional incidental costs. His-
torical data should be analyzed to determine an
appropriate relationship between material cost and
total project cost, and this relationship should be
applied to Case 2 alternate materials to determine

realistic effective costs.
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Figure 5. Comparison of Interest and Inflation Rates.



EXTENDING MATERIAL LIFE

As a result of many concerns, the Federal High-
way Administration developed a technical advisory
to provide guidance regarding the design of cor-
rugated metal pipe for durability. The advisory
states that products must be functionally equal for
the project service life, if alternates are to be
specified and hid, and provides for a way to extend
the life of metal pipe by increasing the wali thick-
ness. Using 16 gage galvanized steel pipe with a
total metal thickness of 0.064 inches as the base,
gage factors for the standard thicknesses of galva-
nized corrugated steel pipe are shown in Table 4.
For example, an 8 gage galvanized steel pipe will
have aservice life of 2.8 times that of a 16 gage pipe
instalied under the same environmental conditions.
if the service life of 2 16 gage pipe is determined to
be 20 years, then the service life of an 8 gage
pipe would be 56 years.

Table 4. Gage Factors, Galvanized
Corrugated Steel Pipe.

The service life of a corrugated steel pipe should
not be extended when only a bituminous coating is
applied. If a bituminous coating with paving is
applied, then the service life could be extended
five to 10 years. The bituminous coating with pav-
ing, however, will be effective for only the first five
or 10 years of the project life, therefore, the hydrau-
lic design should be based on the characteristics of
a plain corrugated steel pipe. It is important, how-
ever, to check flow velocities with the hydraulic
characteristics of a coated and paved pipe since
high outlet velocities may be produced in the initial
years when the coating and paving is still intact.

EXAMPLES

The following examples illustrate the selection of
factor values and the use of the effective cost
equations.

Given:

Find;

Solution:

Answer:

EXAMPLE 1

A culvert is to be instalied under inter-
state highway with a design life of 100
yvears. When bids are opened, the bid
price for concrete pipe was $280,000,
and the bid price for the bituminous
coated corrugated 16 gage steel pipe
was $195,000, 75 percent of the con-
crete pricel The engineer selected
a 100-year, ng, service life for concrete
pipe. and a 20-year service life, ng, for
the 16 gage bituminous coated corru-
gated steel pipe. A difference between
interest and inflation rates of 2 percent is
assumed.

The effective cost of the two alternates
by the least cost analysis method, and
select the most economical pipe material.

1. Since the service life of the concrete
pipe equals the project design life, Case
1, the effective costis found by Equation
1:

EC. = P = $260,000

2. 3ince the 16 gage steel pipe must be
replaced at the end of ng, 2ng, 3ng, and
4ng years to have a total service life
equal to the project design life, Case 2,
the effective cost of the steel pipe is
found by Equation 5:

20 2(20)
o= [1+ (1) - (1)

3(20) 4(20)

1+1 1+1

+(35) () :l
Substituting the steel pipe bid price and

the appropriate values from Table 2 fora
2 percent difference in rates.

ECs =$195,000 (1 + 0.695 + 0.484
+0.336 + 0.234)
ECs = $536,055

Since the total effective cost of the 16
gage bituminous coated corrugated steel
pipe is 106 percent more than the total
effective cost of the concrete pipe, use
concrete pipel




Given:

Find:

Solution:

EXAMPLE 2

A culvert is to be installed under a pri-
mary road with a design life of 50 years.
When bids were opened, the bid price
for concrete pipe was $260,000, and the
bid price for a 10 gage bituminous coated
and paved corrugated steel pipe was
$213,200. The engineer selected a 100-
year service life for concrete pipe and a
20-year service life for 16 gage plain
corrugated steel pipe, and stated he would
compare the effective costs by the least
cost analysis method, assuming a 2 per-
cent difference between interest and in-
flation rates.

1. The effective service life of the 10
gage steel pipe.

2. The effective cost of the two pipe
materials.

1. The service life of the 10 gage steel
pipe is found by using the gage factor for
10 gage steel pipe from Table 4.

20 yrs. for 16 gage x 2.3 = 46 yrs.

Also, Figure 2 shows thata 10 gage steel
pipe has a 46 year service life with a
water pH of approximately 8. The bitu-
minous coating and paving could add
another 4 years for a total of 50 years.

Answer:

2. The effective cost for the 10 gage
steel pipe is equal to the bid price since it
is notexpected to be replaced during the
project design life, Case 1. Therefore:

ECs = Ps = $213,200

Howaever, the concrete pipe will still have
residual value at the end of 50 years,
Case 3, and the effective cost is found by
Equation 6:

cou=ru[[1- (2) ()]

Substituting the bid price for concrete
pipe, the appropriate n values, and the
appropriate values from Table 2 for a 2
percent difference in rates:

EC,=260,000 [1 —(18%9) (0.982]50]
ECC=260,OOO|:1 ~(0.5) (0.403)]

EC. = $207,577

The effective cost of the concrete pipe,
$207.577, is 2.5 percent less than the
effective cost of the steel pipe. Use con-
crete pipe, as it will continue to function
for at least 100 years.
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