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INTRODUCTION

Development projects often begin with the developer or
landowner approaching the land development team with a
piece of property, and possibly a development program or
intended use. The following economic or cost questions are
likely to arise almost immediately and demand more precise
answers as the project advances:

® Is the expense and effort involved worth the return,
that is, is the site/project profitable?

® Canl complete the development in a reasonable
amount of time?

®  How much risk and potentially hidden cost does the
development have?

® Is the project a good short-term investment? Long-
term?

" Will people buy/rent/lease the product in a pre-
dictable period of time?

® s adequate financing available to cover design and
construction?

Construction cost estimates directly respond to some of
these questions and facilitate finding the right answers to the
others, Land development engineers are commonly requested
10 prepare cost estimates as part of the land development
design Process. The estimate’s intended use largely determines
the level of detail and the information required. In tumn, the
level of detai} determines the time and, hence, the cost of
Preparing the estimate.

This chapter defines the possible purposes of estimates
d identifies estimate types and their limitations, It is al-

d

ways important to state the assumptions that were made in
the process of preparing the estimate. When preparing esti-
mates with more detail, the importance of including all ele-
ments cannot be overstated. Therefore, we have provided a
checklist of elements that should be included in the detailed
estimate. Methods of estimating are identified, as well as
sources of obtaining current information on construction
costs,

Frequently the land development engineer is asked to
compare the economic costs and benefits of several alterna-
tives. For this reason, basic engineering economic theory
and typical example problems are included.

PURPOSE OF COST ESTIMATES

Although cost estimates are prepared for both private- and
public-sector projects, cost estimates for private land devel-
opers differ from those for public-sector clients in a very
basic sense: construction cost estimates prepared for public
projects, also called capital projects, are used to determine
the economic benefit of the Project based on public need,
whereas cost estimates prepared for land development proj-
ects are used first by the entrepreneur to determine whether
a project is economically feasible, The economic feasibility
analysis combines the market analysis and the marketability
study (performed by the developer/owner or qualified con-
sultant) with development and construction costs garnered
from feasibility analysis or preliminary design, debt struc-
ture, and the required rate of return, then tests the outcome
in order to arrive at a go/no-go decision. For a small to mid-
size local or regional developer/builder, the decision is fre-
quently based on the conjectures for the marketplace, the
Cost estimates provided by the consultants, and previous
success with particular project types. In all development
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projects, location, timing, and cost control are the critical
elements that must be evaluated carefully and consistently
throughout the process in order to deliver a finencially suc-
cessful project,

Later, if the decision is made to proceed with develop-
mant.aﬁmhermﬁnedcoatesthnateeanbeusedtoestablish
price points or eelling prices of the product(s),

Public Project Cost Estimates
On a public project, three types of estimates are performed:

1. Preliminary cost estimates
2. Detalled cost estimates
3. Engineer estimate or hid estimates

It 1s important for the land development engineer to
understand the process by which a cost estimate for a public
facility s prepared, since a publicly funded project s fre-
quently an integral part of the overall land development ven-
ture.

The preliminary cost estimate for public projects is pre-
pared prior to the development of detailed engineering plans
and is used to solicit funding, generally from an annual cap-
ital improvement program, grants, or a voter referendum or
bond issue. It is prepared with only a basic understanding of
the general scope and extent of the project. Additional con-
siderations are included, if known, such as special structures
that are required; additional studies that may be warranted
such as sofl, wetland, or floodplain studies: land acquisition
costs; and access considerations. The costs can be approxi-
mated using nationally published reference manuals (eg.
RS Means) or by using the local governing agency pricing
guidelines. Often, costs from recently constructed projects of
stmilar design are used as a source of cost data for such con-
siderations. The accuracy of the preliminary cost estimate
hinges upon the availability of accurate existing information
and timely decisions regarding the detatls of the new devel-
opment program. Generally, a significant contingency is
* included—as much as 30 percent—and frequently the cost
of inflation is included since it may be several years before
the project is actually constructed.

The detailed cost estimate is performed after the project is
funded and designed. It is based on actual quantities esti-
mated from the design plans. It is very stmilar to the detailed
cost estimate for private projects, which is discussed in more
detail later in this chapter. The detailed cost estimate should
have an accuracy range of 10 to 15 percent,

The engineer’s estimate or bid estimate is prepared as the
project is awarded for construction. This estimate is very
detailed and it should be as accurate as possible, within +5
percent of the actual cost. It should be based on a thorough
review of the plans and specifications, the solicitation of
prices from suppliers and specialty contractors, and the most
recent cost of construction of the specific elements of the
plan.

Privats Project Cost Estimates

For private land development projects the types of estimages ‘-.__'_ :
are: -

B Feesibility cost estimates
B Preliminary cost estimates
®  Construction cost estimates

ﬂlefeaslbllityesﬁmatetsusedbythedmloperinmak.' fi
oSt estimate js
before the pre.
paration of actual construction drawings. It is used by the

ing & go/no-go decision. The p
performed after a plan has evolved but

developer to secure funding and to assist in developi

alternatives before a final decision on product details. The
construction cost estimate is prepared to finalize loan com. Ve
from contractors. Bach of |
these types of estimates is defined further in the next section

mitment and to compare bids
of this chapter.

In summary, while there are some similarities between
public and private project cost estimates, the uses to which
these are applied vary. The purpose of the cost estimate fora
public facility is to justify and prioritize the project compo- |
nents as well as determine the economic benefit or need s
the public. The private land
development cost estimate provides the developer with the |
all-important part of the development process: the cost o
construct and, eonsequently, the amount that must be
charged to recover these costs and still achieve the desired =

weighed against the cost to

profit.
TYPES OF ESTIMATES

As stated previously, there are three basic types of estimates .-

used in the private land development process:

®  Feasibility cost estimates
8  Preliminary cost estimates
®  Construction ¢ost estimates

Although there may be refinements or variations, these three
constitute the main types of estimates. Generally, as a project
progresses from the conceptual stage through design to con-
struction, these estimates come into play to enable basic
decisions for the project to be made. The primary difference
between the three estimates is the level of detail on which
the estimate is based.

Feasibiltty Estimates

Land development engineers are frequently requested by the
client to assist in determining the initial feasibility of a proj-
ect. In this process the general procedure is to review such
elements as availability of services (utility services and their
easements, public services, schools), the potential yleld in
terms of number of units or square footage of commercial oF
office space, potential environmental impacts, and a host of

other elements (boundary and topographical surveys, soil
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tests and bearing capacity, need for retaining walls and spe-
cial structures), all of which can impact the developer’s bot-
tom line (profit). .

Many of these elements involve substantia] expenditures,
both in terms of fixed and capital costs, If the project is con-
structed at a time of high interest rates or when loaned capi-
tal is scarce, a well-prepared, all-inclusive cost estimate for
the planned project is essential. It can ensure that the project
is worthwhile or it can result in a decision to abandon the
project before the incurring of any additiona] cost, including
the development of detailed plans. Investment decisions by
both the developer and the lender Tely heavily on these esti-
mates.

As technology changes, the consideration of alternate
ways of performing some of the basic construction processes
can be important. Cost estimates of each alternative can
influence the final mix of technologies employed in a proj-
ect. While the engineering portion of 2 feasibility study can
determine whether the Project can be performed technically,
the economic or cost feasibility portion of the study deter-
mines whether it makes sense for the project to proceed
financially.

It is common knowledge that many projects, which in the
final analysis have lost monetarily, have been the resylt of
decisions based on mcomplete studies, obsolete informa-

side of conservatism,
Many times cost feasibility studies can be used to identify
abetter economical use of the parcel of land. For example, in

profitable mix might not be the one that results in the most
units,

The feasibility estimate is used for exactly the stated pur-
Pose, that is, to determine the economic feasibility of any
given item. That item can be the entire project or, on a

and (2) detailed feasibility estimates,

Rough, or Ballpark, Estimates, Many times during the
course of designing a land development Project, an engineer
Is asked to give an informal estimate to determine whether a

Mates are called “off-the-cuff” or “seat-of-the-pants” esti-
Mates, Unfortunately, the terms can imply humor and that
€se estimates need not be accurate and, hence, can be

df’ne by anyone. In truth, only seasoned engineers familiar,

contractors for their input.

In any case, it is important that the engineer document, in
a memorandum, the assumptions and methodology. That
memorandum can be given to the owner/developer if appro-
priate or requested and should be placed in the Project files
as a permanent record,

These types of estimates are also called order-of-magnitude
estimates. Generally, they have a low level of accuracy and
can vary by as much as 25 to 50 percent. While accuracy is
sacrificed in these types of estimates, they can be useful for
evaluating a large number of alternatives in a short period of
time. One must always document assumptions and be aware
of the inherent limitations of this process.

This rough estimating procedure presumes an upper-end
average cost for the significant items of the project. One
might assume a certain dollar cost per linear foot for insta)-
lation of storm sewer Pipe, even though the cost would actu-
ally vary according to pipe size and depth. If, however, there

Timing of the Project is a significant consideration: many
Projects have fallen victim to financial disaster because of
changing markets, the inherent effects on interest and carry-
ing costs, fluctuating cost of money, rework of improperly
designed or constructed features, and poor project manage-
ment. The only solution is to identify, during the feasibility
period, the greatest number of variables and learn as much
as possible about their impacts on the project, then schedule
and control the Process in such a manner that, when the sur-

period, for the design-build Project, or for construction that
will be adversely affected by the winter months,

The following example problem is intended to show how
the rough estimating process can be used for a general large-
scale project.

ExampLe 1

The owner/developer is considering a proffer to pro-
vide 20 percent of the construction cost for an ele-
mentary school as part of the residential development
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project. Before agreeing to this proffer, the owner/
developer asks the engineer for an order-of-magnitude
estimate of the cost,

In this example, the engineer decides to provide g ball-
Park or erder-of-magnitude estimate by comparing the
anticipated school with a recently completed school of
similar nature, In doing some research, he finds q
échaol was constructed two years 8go in a neighboring
Jurisdiction for 88.5 millior. He is aware that sofl and
terrain chamcteristics are similar for the rwo sites, but
that the anticipated student population for the pro-
Posed school is one-half that of the reference school.
He decides 10 compare the two schools based on a
construction-cost-per-student basis. In other words,
he assumes that the cast of 2 school for one-half the
number of students would be 50 percent that of the
reference schaol.

The engineer performs the following caleulations:

1. Assumea 6 percent inflation rate pet year in con-
gruction costs; therefore, the comparison school
would cost $9.55 million today (two years of infla-
tion at 6 percent.),

2. Assume for this estimate that a school serving
half the number of students would cost 50 percent of
the $9.55 million, or $4.78 million. The engineer
decides to round this to $4.8 million.

3. Assume that the school will be constructed at the
end of the development phasing of the project (five
years from today). At an assumed inflation rate of 6
percent per year, the final cost, in five years, for the
school is $6.42 million.

4. To allow for errors in the assumption that school
cost is directly related to school population, and to
tecognize that the differences in site characteristics
can influence the costs substantially, he assumes a 25
percent contingency. The cost for the new school is
then estimated to be $6.42 million * 25 percent, or a
range of $4.8 to $8.0 million

3. The engineer provides the cost estimate of $4.8
to $8.0 million to the developer. Since the developer
is considering offering 20 percent of the cost, he can
consider a future obligation of between $964,000 and
$1.6 million.

6. The engineer documents his assumptions and
the source of his data in a memorandum to the
owner/developer and a copy is kept in the project
files.

To summarize, ballpark estimates should be understood
to represent nothing more than rough approximations and
are intended to be quick estimates, They can be refined

quick evaluation of some topic without detailed

be prepared or evaluated o
by experienced personnel or at the minimum they shoylg be
checked by someone with considerable experience.

tractor, developer, or other land design pmfeséional they -

wonders what went wrong. This is anothe

other important factors. If a ballpark estimate indicates 3
favorable economic condition, it is always desirable to pur-
sue the development of a more detafled feasibility estimate.
This type of estimate utilizes a far more refined estimate of
quantities and costs associated with project constructionand
should ncorporate all expenditures, including those for

land and construction casts, infrastructure, and off-gite con-
struction. It is tmportant that this estimate contain the costs
for enginegring design and surveying, legal fees, governmen.

borrowed capital.
This estimate ig also called p conceptual or

A

4 .." “
when more accurate data is available. They can be an jmypg,.
tant part of any project development in that they enghy,

tal review and permitting fees, and, {f Bppropriate, the cost of“‘i

-

T

budget esimate,

and should be accurate to within 15 to 20 percent of the

actual cost. To perform this leve] of estimate, & preliminary
layout of the project with streets, utilities, and lots is needed, =
Preliminary lots are needed to indicate whether the market

costs and still yield a reasonghle profit.

It is important to note that attaining additional yield does :
not always guarantee additional profit. Oftentimes the cost Ikl

to develop the additional yield is offset by additional infra-
structure ;requirements such as American with Disabilities
Act (ADA) compliance, environmental mitigation, or other

Costs to extend streets and utiligies, Example 2, later in this ,j A%

chapter, reinforces this concept.
Feasibllity Checkilst, 1, developing a cost estimate at this

stage of the project, some design data is needed so that =

rough takeoffs of quantities can be performed. Some engi-
neers include the cost estimate right on the development
plan, 5o that as the plan changes and becomes more refined,
the cost estimate can be updated as well.

Most engineering firms develop a feasibility checklist 50
that all items are considered even if some are not needed on
the particular project. The checklist also makes it easy 10
Compare estimates with other projects and ensures consis-

tency when it comes to quality control/quality assurance

checks common at each stage in the design process.
Generally, the following elements are to be included in@
feasibility cost estimate:

L.;.u-_a..._- e U A R S Y T
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Land costs
Clearing, grubbing, and demolition costs
Roadway, sidewalk, trail and bike path costs
Storm drain costs

Sanitary sewer costs

‘Water supply costs

Other utility (power, gas, and communication) costs
Lighting, traffic signals, and signage
Grading and earthwork costs

Erosion and sedimentation control costs
Stormwater management system costs
Landscaping costs

Recreational facilities costs

Off-site costs (special costs)

Permits and bond costs

Soils (rocks) and geotechnical fees

See the following sections describing each of these elements
in detail.

As is evident, the development of a feasibility cost esti-
mate can be time consuming. Care must be taken, however,
to not overdetail the estimate at this early stage of design,
Actual costs, of course, will not become known until the
project design is completed. The estimation of project costs
#8 completely and accurately as possible is essential to the
client’s decision-making process. The identification of poten-
tal costs is also critical to allow for alternative planning,

Prefiminary Estimates

Preliminary estimates, sometimes referred to as semidetailed
estimates, although considerably refined from the feasibility
estimates, are still preliminary. They are developed from
plans that have not yet reached sufficient detail to derive
tonstruction costs. These estimates should be accurate to
Within 10 to 15 percent.

These estimates are usually made after a plan has evolved
10 a fine-tuned stage but prior to actual preparation of final
construction drawings. They can serve as advanced concep-
tal or advanced budget estimates and are usually accurate
enough for making decisions regarding the feasibility of a
Project or for a decision involving a choice among alterna-
tives within a project.

For preliminary estimates, the development plan or site
Plan should be drawn to scale, including the preliminary road
and utility alignments and in some cases preliminary site
Brades. These plans can be used to estimate several important
design quantities, which when multiplied by the applicable
Unit costs can provide a fairly good construction cost estimate.

After the preliminary development plans have been
approved, detailed engineering and preparation of construc-
tion documents commence. There are costs associated with
these procedures and they can vary greatly depending on the
type of project and client (private or public). An estimate of
how much it will cost to complete the final design should be
prepared as part of the preliminary cost estimate in order to
provide the client with an accurate idea of the project’s cost
to complete in terms of both design and construction.

A checklist should be prepared listing all cost items; the
checKlist for the preliminary estimates should be at least as
inclusive as that employed for the detailed feasibility esti-
mate. Since the quantities are still in a preliminary stage, a
contingency factor of 15 to 20 percent should be added to
the bottom-line subtotal, depending on the completeness
and accuracy of the plans. :

It is critical that the engineer and the client agree on the
units of measure to be used for each of the elements included
in the estimate. The units of measure may be obtained from a
source such as the state department of transportation, depart-
ment of public works, or any other public-sector entity
engaged in construction or bond Teview/approval. Private
Projects may not always coincide with public specifications.
The developer may require the units of measure in a certain
format for loan application purposes or for analysis by the
contractors; thus, it is important to have a mutual under-
standing of the cost estimate format.

The elements that should be included in the preliminary
estimate are similar to those in the feasibility estimate, only
they are based on the more complete plans. The elements to
be included are described in the following subsections.
Land Costs. 1and costs are usually expressed in dollars
per acre and are provided by the owner. This is the line item
within the estimate where the initial cost or price paid to the
former owner for the parcel is accounted. Since the price is
usually determined on an area basis, it is critical that 2 com-
plete boundary survey be done to determine the exact par-
cel size. Boundary surveys are described in detail in Chapter
13. 1t is important to note here that the cost for the bound-
ary survey is a land cost and should be included in the cost
estimate,

To be complete, the cost of the deed, title insurance, and
any transfer taxes should be included in the estimate, Real
estate commissions are usually paid by the seller, but this
should be verified, since they can be as highas 6 t0 8 percent
of the selling price.

Possible rezoning, special exceptions, and other amend-
ments or planning processes that are required to permit the
desired land use are another cost component under the land
cost. For these actions, usually the new landowners legal
team fees and the cost of any studies (sols, Phase I ESA, etc.)
and design fees through the entitlement approval are the
main cost considerations.

Clearing, Grubbing, and Demolition Costs. Typically, the
cost of clearing, grubbing, and demolition is usually a small
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portion of the total cost of construction. Most clearing quan-
tities.may be estimated on the basis of equare yards or, for
larger sites, even acres may be appropriate. Depending on
the nature of the clearing/grubbing—light woods versus
heavy forest versus developed areas such as parking lots—
additional costs may be added. Sail remediation or removal
to account for organic or other unsatisfactory material
should also be accounted for under this jtem,

Where thers are a number of structures to be removed,
reused, or salvaged, a demolition plan 1s recommended in
onder to provide direction and clarity for the contractor. The
cast of the demolition can be difficult to estimate because
there may not be a history of unit costs from which to draw;
there may be certain environmental Tegulations that require
specific attention—for example, removal of asbestos, lead,
or other identified hazardous and contaminated materials
from the building or the site, consequently requiring o spe-
clal subconsultant/estimator. Demolition of buildings should
beasumatedbasedonﬁwnumbermdstuldinessofﬂm
buildings 10 be demolished. A contractor expecting to be
given the demolition contract may be willing to provide an
estimate.

When estimating clearing, grubbing, and demolition

costs, it is important for the engineer to have a thorough
understanding of the proposed construction process in order
to determine the applicable disposal scenarios: waste mate-
rial may be hauled and disposed of in an appropriate landfill
or it may be diverted, salvaged, or recycled on- or off-site.
The dispasal scenario affects prices assigned to haul routes,
landfill tipping fees, and on-site sorting, storage, and treat-
ment of materials. For projects where green building certifi-
cation is desired, waste management is one of the metrics; a
Waste management plan addressing the disposal scenarios
should be scoped and developed by an experienced profes-
stonal in order to aceurately determine and effectively man-
age costs in this category.
m‘m’ "w‘. M”, ."d 'Ik’ M m Costs are
usually expressed in dollars per linear foot for roads, streets,
alleys, sidewalks, trails, and bikeways/multiuse paths, and a
lump-sum or square-yard cost for parking lots. This can be
misleading, since there could be many separate items
included in a linear foot unit cost, including earthwork,
pavement, aggregate for the base and subbase course, curb
and gutter, and underdrains, along with general street land-
scaping and sodding. In addition, if appropriate, the costs
assaciated with street and lot lighting, street trees and land-
scaping, and signs and signals should be included if they are
not accounted for as separate items. It should be emphasized
that one of the objectives of road design is to obtain an earth-
work balance of both the road and the entire site. Without
an earthwork balance, the entire project costs can increase
significantly

Pavement costs are usually expressed in dollars per ton of
esphalt pavement or per square yard per inch of depth for
concrete pavement, and either cost is usually a considerable
portion of the roadway cost. For this reason, the develop-

innovative design. The traffic count or anticipated troffj,
load dictate the street width and pavement design. I i
important to verify the sidewalk requirements of the juris.

diction early in the design process. Sidewalks both have ap
economic impact end impose & limitation on lot
Please note that sometimes sidewalk requirements vary

lot size and street classification, Sidewalk costs can be p.
duced through judicious use of lot sizes and street types. 1, |

some cases, less expensive bikeways/multiuse paths angd
trails can substitute for sidewalks, but the engineer must he
assured that they will be approved by the jurisdiction,

Storm Drain Costs.  Storm drain
in dollars per linear foot of constructed pipe or on a per

structure basis for items such as inlets, manholes, and junc.

tion hoxes. Quantities for storm drain items including inlet

and outlet structures as well as conveyance iters (pipes,
swales, ditches) should be derived directly from the prelimi- =

nary plan.

Included in this cost is e pipe itself, culvert, inets, mans

holes, headwalls, endwalls or end sections, riprap or pther

outlet protection devices such as plunge pools or energy ;

dissipators, special drainage structures, underdrains, box cul-

verts, additional vertical depth (excavation and structure sec- ¢
tions), rock excavation, and special pipe bedding if needed. ~
Additional costs can encompass backfilling and any site
restoration costs, including seeding or sodding if the pipeis =
placed outside the roadway section. Costs of storm draingcan
be reduced through implementation of low-impact develop- §
ment (LID) techniques including provisions for porous pave-
ment or other infiltration facilities, when feasible, especially

for parking lots; use of natural channels/swales: utilizing the

mintmum adequate pipe size; using the least number of :

drainage structures; and setting pipe depths as shallow as
possihle.

If the proposed storm drain crosses existing utilities,
which is common in developed areas, the vertical locations
must be thoroughly investigated to ensure system compati-
bility. If there is a conflict in vertical locations, redesign and/

or relocation efforts must be scoped and included inthecost

estimate as early as possible. Utility relocation fees are usu-
ally substantial; thus, they should be identified during the
planning and design process to be estimated accurately.

Sanliary Sewer Costs. Sanitary sewer costs are usually
expressed in dollars per linear foot. In some cases a land de-
velopment Project may require a sewage treatment facility or
an existing facility may require enhancements due to the
construction of the project. To accommodate future devel-
opment, it may be necessary to install a sewer main with 2
capacity exceeding the need of your subdivision. In cases

when excess capacity is required, the responsible agency 28

should participate in the cost sharing,

The basic sanitary sewer costs include the piping, laterals
to the property line (house connections), manholes, drop
connections, ejection pumps, and special structures. Res-
toration costs such es seeding and/or sodding should be

casts are usually expressed
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included if the pipe is placed outside the roadway section.
As with storm drains, costs for sanitary sewers can be re-
duced by keeping pipe lengths and sizes to the minimum,
locating the trenches at shallow depths, and minimizing the
number of structures. Additional cost items include rock
excavation, roadway crossings, additional vertical depth
(excavation and structure section), and jacking/boring/tun-
neling. Existing utility crossings must be considered and
accounted for as previously described under “Storm Drain
Costs.”

Recently, emerging green building techniques have en-
couraged the on-site treatment and reuse of gray/blackwater,
thus reducing the number of conventional sanitary sewer
and sewerage treatment facilities required. While the con-
ventional costs including impact or tap fees may be
removed/avoided, it is equally important to accurately cost
the new technologies implemented to treat and reuse the
wastewater; costing a sustainable, or green, building sanitary
treatment/reuse system requires the engineer to work coop-
eratively with the MEP engineer to account for all compo-
nents and ensure the costs are assessed either on the site or
in the building and not double counted. Regardless of the
design approach to sanitary sewer—conventional or sustain-
able—the design must be code compliant and accounted for
in the estimate. Depending on the technology, manufacturer
nput is likely the best source for unit price information.
Water Supply Costs. 1f the water supply company will be
installing the water systems, the cost of providing water ser-
vices should be based on their estimates. If the responsibility
for the design and construction of the water supply and dis-
tribution system is with the engineering consultant, an esti-
mate must be developed. As with sanitary sewers, costs for
water distribution systems are expressed in dollars per linear
foot. 1f a water supply and treatment facility, such as a well,
a package plant, or a special pumping facility is needed, it is
recommended that the land development engineer utilize
the services of an engineer experienced in this specialty to
provide the cost estimate. Other items included in the water
distribution costs are valves, hydrants, water service line, fire
lines, blow off and air releasers, tees, and pumps. Cost min-
imization methods are similar to those for storm drains and
sanitary sewer design, and the elements included in the esti-
Mate are pipes, laterals services, fittings, water meters, thrust
blocks and anchors, and special structures such as valve
vaults. Tap fees should also be accounted for in this cost
item.

Other Utility (Power, Gas, and Communication) Costs.
Other utility costs such as gas mains, fuel transmission
Pipelines, electric supply, telephone, fiberoptic, and cable
television should be included. There may be a requirement
that overhead power and communication lines be relocated
underground, thus requiring a conduit system. There may
also be a need for equipment such as transformers and sub-
Stations, which may increase cost and require easement pro-
Visions. Some utility companies pay for the installation of
their utilities (set transformers and pull cables); some look

A

for the developer to Ppay costs either entirely or on a pro-
rated basis, depending on the foreseeable development in
the community. Given the great variation in Ppractice among
different utility providers, the first step in cost estimating
this item is to determine design/construction responsibility;
often the developer is responsible for design and construc-
tion of the pathway (i.e., conduit systems), subject to the
utilities’ approval and base and aesthetic features such as
concrete pads, landscaping, fencing, or other screening
devices. Conduit is typically priced on a linear-foot basis,
while structures in the conveyance system are priced as
“each” or per structure.

The utility companies themselves, which may be either
public or private companies, can best supply the cost esti-
mates for their facilities. An estimate should be included for
these facilities if feasible. Crossing these existing utilities is
typically easily accommodated, since the cover Tequire-
ments, horizontal, and vertical offsets for these utilities are
fairly flexible, as they are not gravity driven. Regardless, relo-
cation costs for other utilities should be examined and
accounted for, especially when conduit systems are moved
from overhead to underground installations,

Lighting, Traffic Signals, and Slgnage Costs. The cost of
installing traffic signals, signing, lighting, guardrail, striping,
and other traffic markings should be included. An estimate
of the number needed should be based on the type of
features and placement required by the jurisdiction. Lights
and traffic signals are typically priced on a per-unit basis,
while the associated conduits and wires in between the units
are estimated on a linear-foot basis. Signage may be priced
by square foot, square yard, or in some jurisdictions on a
per-unit basis. Guardrail and striping are linear-foot quanti-
ties. Traffic signals and their related equipment should be
priced by either a signal contractor or an experienced traffic
engineer.

Grading and Earthwork Costs, Earthwork costs for the
various infrastructure elements are usually included in the
per-foot cost of these elements; however, earthwork costs for
things such as mass, rough, and final grading of the streets
and lots should be estimated separately. The cost of grading
for streets and building pads is based on cutting/filling to the
desired elevation and compacting the soil to the specifica-
tions of the soils engineer. The cost of grading building pads
is charged at a different rate than the rate for grading streets
and parking lots, so it should be listed separately on the cost
estimate. They are usually expressed in dollars per cubic
yard and include cut, fill, topsoil, borrow, and excess (earth
hauled off the site). Engineers are directed to Chapter 23 for
discussion of the importance of attempting to balance the
earthwork on the site.

Earthwork costs can be significant, and earthwork engi-
neering is often not readily understood by developers. Care
must be taken during design so that, if possible, phasing of
construction can be implemented to construct first in areas
of cut so that earth can be moved to areas of fil] without a
secondary storage step or, in the worst case, earth moved off-
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site only to be brought back Later for fill. Also, accommoda-
Hons should be made if rock or ground water is shallow on
the site. The engineer may consider raising the grade of the
proposed site to eliminate the need to rip or blast through
rock and may need to include provisions for dewatering,
ground water diversion, or soil drying. Earthwork costs at
this stage of plan development should be based on the mast
accurate earthwork model available (see Chapter 23 for
earthwork methodologies).
mwMMMMEmWM Cost
elements include sediment traps and hasins, straw and
maintenance bales, gilt and super silt fence, berms, gravel
for truck wash facilities, inlet protection devices, riprap,
dewatering and purping facilitles, seed and sod, and ero-
sion control matting, Similar to other elements of design,
proper phasing of construction activities can ménimize the
cost of these facilities, Many jurisdictions require these
items to be bonded similar to other public infrastructure
components because of the environmental and aesthetic
importance of proper erosion and sediment controls. Thus,
in addition to the actual construction cost of thege facilities,
a further band amount may need to be included in the esti.
mate. Typically, costs to prevent erpsion and implement
sedimentation control run up to 3 percent of the total con-
struction cost.

Stornnwater Mansgemsat System Bosts. Similar 1o ero-
sion control, jurisdictions are adopting more stringent
Slormwater management system requirements. In some
cases these systems can equal or exceed the costs of the
storm drainage system. Included in this item are the costs for
both water quality and Quantity control facilities. Given the
wide range of facility types from natural systems including
detention and retention ponds, bioretention gardens/hasins,
and infiltration trenches to manufactured or technology-
based systems such as sand filters, oil/grit separatore, and fil-
ter inserts, pricing these facilities s highly specific and
difficult to generalize.

Natural systems must be priced to include excavation,
. grading, and embankment construction as well as spillway
and outlet structures, inlet and outlet protection, under-
druins and dewatering devices, landscaping, and access pro-
Visions including roads, paths, fencing, gates, and signage.
Most of these items are unit quantities; however, there is a
wide range of data available for cost estimating specific SWM
facility types (bioretention, infiltration trenches, wet ponds,
etc.) on a cubic-yard, square-yard, or acre-foot basis. When
it is jurisdictional or client preference to estimate in this
manner, the unit priceg should be verified, if possible, with
contractors experienced in the construction of these types of
facilities.

The costs for manufactured systems are best garnered
directly from the vendor; the engineer should inquire about
the system cost and delivery and installation costs. Costs for
additional or supplemental features such as manholes, in-
lets, underdrain, signage, and maintenance access provisions
may still need to be estimated separately.

During the design of the praject, system costs can he min.
imized by carefully placing facilities where they can serve

both as a stormwater management facility and as g slte

amenity. Often a combination of devices is necessary to meg
applicable requirements, and it is the responsibility of the
engineer to optimize these featyres, given the goals gng

intents of the development program, as well as the cost of

the various facilities.

S, i e Sl

Costs. Cost estimating in landscaping appli-

cations is best approached by breaking down the landscape
plan into components such as shade trees, omamental trees,
shruhs, perennials, annuals, ground covers, sod,

and mulch. Other landscape architecture elements that are
commonly coordinated with landscape plans include harg.
scape and architectural {tems such as gravel, brick and con-

crete paving, fencing, custom signage, and lighting,

T ko als
FHERET I

Most plant material, including trees, shrubs, perennials,

and annusls, is measured on a per-unis basis. Seeding appli- *

cations are typically estimated based on an area of coverage

and/or the specified application rate. Hardscape, including

pavers (brick, concrete, or asphalt), is estimated based on
area—typically in square feet or square yards, depending on
the application. Fences are measured in linear feet, and
retaining walls or other decorative walls are usually included

based on square face footage. Topsotl, mulch, and other soil *

products are volume based quantities—cubic feet or yards.

Specialty aesthetic features such as signage and lighting can |

vary greatly depending on the specific application and quan-

tty and may be measured per unit or, often, as a lump sum

for the installation. Quantities can usually be determined
from the plant schedule and details and/or the preliminary

plan. To ensure accuracy, quantities should be reviewed after

construction documents are prepared.

RSMeans Landscape Cost Data and RSMeans—Site Work &

Landscape Cost Data are examples of the widely accepted
industry publications that price landscape work items and
associated costs. In addition to the proposed construction
items, the cost estimate may need to include a cost for exist-
ing plant material to be maintained and any special treat-
ment associated with the preservation effort (trimming,
aeration, etc.) as well s repairs to any landscape {tems dam-
aged during construction or that die off during the warranty
period.

Recrostionsl Facliitles Costs. Many times the develop-
ment of a project includes the cost of recreational facilities.
These may be proposed by the developer to enhance the
project$ vitality or in an attempt to seek support for approval
of the development. In addition, the approving jurisdiction
may impose additional recreational facilities during the enti-
tlement process. These facilities may serve only the proposed
development or additional users outside the project. For
example, the jurisdiction might require the dedication of
land for a regional park and require the developer to con-
struct a pond as his or her commitment. The jurisdiction
could construct the park features such as trails and build-
ings, and provide for future maintenance as the public com-
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" mitment to the parks development. In this example, the
5 ~ pond could serve as the stormwater detention facility for the
- project and a recreational facility for the jurisdiction. As part
.} of the cost-estimating process, only the developers costs
8 hould be included in the cost estimate. A well-planned
1 development could take advantage of these features through
~ 1 good initial planning and design.
E Elements that should be included in the recreational facil-
8 ity costs are park development: sod and/or seeding; earth-
work such as mounding, tennis courts, swimming pools,
basketball facilities, fencing, and tot lots: and any landscap-
 ing elements not previously included. If there is an excess of
% eathwork in the project, good landscape design, through
F the creation of sound berms and mounds in the park, can
o reduce the costs of hauling away excess and unsuitable
~ material. Ontlwotherhand,lfthmwemashonageofﬂll
% material, sound landscape design would consider lowering
~ the future park site,
" Of1Sftw Doste (Special Costs). To serve the development
8 with adequate utilities ar to adequately direct sewage or
" stormwater away from the site, many off-site costs can be
 required of the developer. Good engineering design should
3 ir;gnufyt}mcmwiuonofdommtmamomfallsanddemmh\e
- any requisite imiprovements required ta these systems. Many
times these enhancements are the responsibility of the devel-
- oper and should be included in the estimated cost of the
~ pmject. Care must be used not 1o prematurely state that
-~ these are 100 percent the responsibility of the project devel-
~ opment. In some instances, the case can be made that these
8 benefit adjacent future development or the public in general,
" and therefore, the costs should be shared. At this stage in the
. development, the engineer Preparing the cast estimate can
* make an assumption and use this assumption in the calcula-
: tion, but footnotes should be made to identify the assump-
% tionand a brief justification of the assumption,
% Special or off-site costs that should be considered are
8 those for streets and/or street widening and reconstruction,
% tmaffic controls, signalization, bridges, sidewalks, hike/bike
8 ails, stormwater management facilities (in particular, re-
o ¢ . gional facilities), landscaping, lighting, and signs.
& Permit and Bond Costs.

.~ On most prajects, permits from
% the local, and sometimes the state, governments must be
% obtained before canstruction can commence. Tap or hook-up
8 fees are common for most utilities and should be included
under this item 1f not accounted for under the individual
~ utility costs, Many kinds of construction activities require
* inspections both during and after construction that are
o intended to provide consistency in construction activities
“ % ad to provide for safety during both construction and in
f | Fstem uge.
8 The permits associated with developing a tract of land
(8 n be numerous. The cost associated with procuring the
0 Vast number of permits must be accounted for. Permits are
& Wually required for grading, paving, drainage, sewer con-
i ~ Mections, water connections, electrical and gas connections,
#

“ Wetlandg delineation and encroachment, and forest or tree

stand delineation, clearing, and impacts. The local and state
governments could require additional permits based on
regional considerations. Generally, the fees charged by the
reviewing agency are structured to recover their costs for
review of plans and inspection, but some governments use

fees as a way of securing additional general revenue. In
any case, it is the responsibility of the engineer to carefully
identify all fees for the required permits, since these fees and
Permits can be in the range of 20 to 25 percent of the phys-
ical construction costs for the project (excluding land acqui-
sition and house construction costs),

On most projects of substantial size, the developer

and/or contractor must post a surety bond and in some
cases a conservation bond (covering erosion and sediment
control, landscaping, and other natural site features to be
installed or protected) to ensure adequate constructioh
quality. While this bond is returned at the end of the pro-
Ject, it can involve a loan from a bonding company or, at a
minimum, involve lost interest for the construction period,
Many jurisdictions now permit the potential partial release
of bonds as project phases are completed, Although this
does not affect cost estimates, it can substantially reduce the
developers cost, and if the engineer can identify this possi-
bility and move promptly to get the partial bond relesse, the
client can save in terms of lost interest cast.
Professlonal Fees, As part of any project, professional
consultant fees should be included in any cost estimate,
since they can represent as much as 15 percent of the project
cost. These fees include the engineers, surveyorb, geotechni-
cal, environmental consultant’, construction managerk, and
architect’ fees, as well as attorney expenses. Genenally these
fees are based on the cost of the facilittes, factored by the
complexity of the project. Attorney fees vary widely from a
lump sum for the entire project to an hourly fee. Whatever
method is chosen to estimate the cost, the assumptions
should be clearly stated in the report that accompanies the
estimate.

The engineering and architectural fees can be divided
into two categories: (1) design development (usually up to
and including the entitlement process, surveying, planning
efforts, and preliminary engineering) and (2) final design
and construction document preparation and permitting ser-
vices. Construction phase services are typically an add-on or
separate category and should be identified as such in the cost
estimate. Typically, professional fees vary between 7 and 15
percent of the total project cost.

Finanelal Fees. Financial fees in the cost estimate are best
left for the client to estimate, based on his or her particular
situation. Financial fees are usually based on a percentage of
borrowed maney. Interest charges during the life of the proj-
ect can be substantial if the project has a long history from
purchase of land to completion of construction. The cost of
financing may range from 5 10 20 percent of the total project
cost.

Contingency Allowance, Allowing for contingencies is an
elemental pant of the estimate of project cost to allow for

R e ey
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unfareseen conditions and for variances in design elements,
There is no generally accepted percentage. The amount
varies by the complexity of the project, the anticipated time
for completion, and the individual idiosynerasies of the
engineer (Le., conservative versus liberal). It s common to
see contingencies used from 5 to 30 percent. If the engineer
1s unsure of the contingency to allow, it 15 recommended that
& minimum of 15 percent be utilized. If the client disagrees,
the amount can be altered by the client, However, it is rec-
ommended that the engineerk original contingency used by
the engineer be documented in the project files, If the pmj-
ect is to be phased over numerous years, the cost of escala-
tion should affect the contingency; alternatively, a separate
line item can be included for inflation.

The notes to the cost estimate are particularly important.
Any assumptions used in making the estimate should be
clearly explained, including indication of whether the costs
used are at current value or include an tnflation factor,
Other Miscellansons Costs, Other miscellaneous costs
should be included {f pertinent. Consideration should be
given to such items as marketing analysis, maintenance
cost of project elements constructed but not accepted by
the operating agency until later, and other costs not
accounted for in any previous section. These might include
such items as environmental mitigation and special land-
scaping costs.

The engineer should elaborate on the possible costs that
are not included, such as sound walls, environmenta] impact
reports, and soil reports. Where the facilities required are
oversized, the jurisdiction may give partial reimbursement
to the developer for improvements larger than what are
needed to serve the project. When this is the case, the antic-
ipated reimbursement should be described. Costs that con-
stitute refundable deposits, such as are sometimes required
for water meters until the building is occupled, should be
listed. Other costs include meeting current fire safety codes;
providing handicapped access (current ADA requirements);
other bullding code requirements retroactively required for

 existing buildings as part of the development subject to re-

construction/remodeling; making temporary vehicle, bicy-
cle, and pedestrian access modifications to accommodate
construction activities; and making parking modifications
required to accommodate the contractor during construc-
tion. Restricted site access, limited material storage space,
and a remote location certainly add to the cost of a project.
For thase projects that require an archeological survey,
an additional fee of up to 1 percent may be needed to cover
these costs.

Solls (Rocks) and Beotschnical Fees

The types of soils found on the project site can affect project
construction costs because of the need to change the existing
soil characteristics, If a significant portion of the soils cannot
be made compatible with the proposed development pro-
gram, the costs for replacing the existing soils can be ex-
treme. Excavation and the provision of sufficient suitable
backfill can also increase costs.

The presence of rock on the proposed site will aleo have,
tremendous effect on the construction cost. If excavation, of
rock is required, blesting may be necessary. A

The purpose of preliminary engineering s ¢,
acquire approvals from the permitting jurisdiction to deter.
mine the problems that will affect the project and the cogt 1,
construct it. Among other uses, preliminary estimates are
valuable for ohtaining develaper loan applications, develop.
ing cash flow schedules, and fine-tuning preliminary marke;
prices for praduct. 4

These costs may (and shonld) be estimated agpin through.
out the design process, but it is imperative 1o be thorough
from the beginning, as the economic success of a project §s
often closely tied to the preliminary cost estimates.

Construction Estimates

Construction cost estimates, also referred to as detajled esti-
Mmates, are generally developed only after the construction
plans have heen approved by all hecessary agencies. Quan-
tity takeoffs for work to be performed are often made before
all final approvals are obtained. Therefore, it is critica] that
all takeoffs and estimates be dated and referenced toadated
plan sheet. This ensures that the final construction cost est-

mate is based on the final approved plaris used for con-

struction.

Construction cost estimates can be performed by differ- 5

ent professionals, but, as is always the case, should be
reviewed and approved only by persons with many years of
experience to ensure the tharoughness and credibility of the
estimate. It is important that somewhere in the process an
individual with knowledge of the details of construction
work perform a constructibility review and either develops
the estimate or checks the efforts of others. This knowledge
is best acquired through actual experience in construction
wark. It is also important for the estimator to be able to visu-
alize the various construction phases of a project and incor- .
porate equipment needs, materials needed, and the handling
of these during construction.

It is important during the development of the construc-
tion cost estimates that the latest available information be
used. An experienced engineer should keep an updated file
with recent bid information on materials, labor, and the
availability of construction items. Later in this chapter, a list
of possible sources for this information is provided. The
developer and design engineer need to be wary of poten-
tially outdated data. This ean include infrastructure record
drawings on file with public entities for the project’ loca-
tion, previous surveys, aged geotechnical reports, and aged
cost data for previous similar projects. The design engineer
should make recommendations to the developer regarding
the need to obtain more up-to-date information. Some of
the information can be verified through new surveys and
site visits. Other information about such things as types and
quantity of soil and rock, fiberoptic cables, and gas lines can
be more difficult or costly to verify because there are few
surface clues to be found. Even if these are updated, the
percentage of contingency should be reviewed based on the
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comfort of the developer and design team with the Pprocured
information.

In general, the construction estimate should include the
quantities and unit costs of all items needed to construct the
project. The construction cost estimate can be used for some
of the same items as identified for the preliminary estimate,
such as loan applications, cash flows, and the development
of market prices. In addition, this estimate can provide the
owner/developer with a reasonably accurate guide for the
amount of funding needed to complete the project.

After the plans are complete, exact measurement of con-
struction materials can be made. The lengths of curbs, areas
of roadways and landscape, tons of asphalt, and all the mate-
rials and activities needed to construct the Project are now
known and can be shared among the design team to verify
preliminary estimates prior to bidding or release of con-
struction documents. Contractors will also make an estimate
and determine what their costs of construction will be before
they bid on the project. If the engineers’ and the contractor’s
estimates are very different, the reason should be under-
stood. A poor economy may Prompt contractors to bid low
because of the need for work, but the developer should be
leery of contractors whose bids are very low—that is likely
to indicate a poor understanding of the work involved, If
contractors bids come in high, the developer may want to
seek out more contractors to bid on the Project or ensure the
design team has not made an error(s) in their estimate.
Sometimes sharp price fluctuations (e.g., of steel or crude
oil) may significantly affect the unit price of items such as
structural steel, reinforcement, and asphalt. .

Many times the developer will ask contractors for bids
on selected portions of the project, including infrastruc-
ture, grading, and roadway/street construction. The con-
struction cost estimate should be formatted so that the data
needed to compare actual bid prices with the estimate is
easily obtainable. Wide disparities in the bids, if several
bids are being compared, usually indicate a lack of clarity
in the plans, specifications, or instructions to the bidder.
One or two marked deviations from all the bids, however,
usually indicates some oversight or lack of understanding
by the bidder.

The construction cost estimate should be accurate within
310 10 percent. The accuracy depends on the complexity of
the plans and specifications and on how current the bid data
used to develop the unit costs is, Errors in the design plans
@n greatly affect the accuracy of the cost estimate. Back-

Tges and extras by contractors due to incomplete and/or
accurate plans increase costs significantly,

Since construction cost estimates utilize quantity take-
offs from drawings to be used in constructing the project,
the cost estimate is obviously only as accurate as the quan-
tities to which costs are assigned and the accuracy of the
Stimated cost, In addition, the engineer must recognize
fhal multiplication of numbers, as performed when apply-
g unit cost to quantities, can result in magnification of
CrTors, Propagation of errors in-the Product of two indepen-
dent variables, where A and B are the independent variables

-

and € is the uncertainty or error in the variables, is shown in
Equation 29.1.

Cxe=(AxB) VA= ef + (B + g,

(29.1)

For example, suppose the estimate for excavation is 10,000
CY + 20% and the cost is $10.80 + 10%, Using Equation
29.1, the accuracy of the cost is:

(10,000 + 20%) x ($10.80 = 10%)
=(10,000 = 2,000) x ($10.80 + $1.08)

= (10,000 x 10.80) = /{10,000 1 08)}2+ (10.70 (2,000))2
=108,000 = 24,150
=$108,000 + 22.4%

(29.2)

Note that although the estimated range (i.e., error) in quan-
tity is 20 percent and the estimated range (i.e., error) in the
cost is 10 percent, the overall accrued error s 22.4 percent.

When two independent variables are added together, the
accrued error is represented by Equation 29.3,

Cre=(A+8 =+ Vei+g;

Table 29.1, generated from Equation 29.1, provides the
expected error, given the errors of the two independent vari-
ables. For example, the error of 22.4 percent calculated
using Equation 29.2 can be obtained by entering 20 percent
for variable A and reading across to the 10 percent column of
variable B, Table 29.2 shows how errors are accrued when
numbers are multiplied and added together. Care must be
used to minimize the errors; otherwise, they can be com-
pounded throughout the estimate.

It is imperative that every item indicated in the con-
struction plans be included in the estimate, since the con-
tractor installing these items will most surely include it. It
is especially important for the construction cost estimate
to try and give at least a guesstimate of contingent items
such as rock excavation, Pipe bedding, excavation, and
removal of unsuitable material, undercutting, and other
similar items. These items need to be recognized initially
should they become necessary in the actual construction
they have been planned for, although they were not specif-
ically indicated on the construction drawings. When such
guesstimates are included, it is recommended that they be
footnoted to differentiate them from the normally more
accurate cost items.

It is recommended that engineers utilize a standard
checklist and a statement cost estimate sheet or develop ones
if they do not exist. Existing computer programs for data
manipulation work well to standardize the form and can
perform all arithmetic functions automatically When com-
puterized, they can be the basis of 2 method of filing historic
costs. A typical checklist is shown in Figure 29.1. A standard
cost estimate sheet is shown in Figure 29.2.

For construction cost estimates, a contingency of 10 per-
cent is usually employed, depending on the source and time-
liness of the unit costing,

(29.3)
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TABLE 29 1

Percent Ervor Expected in the Product of Two Independe

ul Variabies

PERCENT ERROR IN VARIABLE B
% ERRoR m i
Vamass 4 0 5 10 16 20 % B
0 Agiog 50 100 16.0 200 25,0 300
5 5 PACOS U012 2B 5208 i 5285 ot SR
10 10 U e T T T il TR T s 316
15 15 16,25 W g Avigyig ediumiog T \Eauivigg g it 338
2 20 PRI G 04 L Tt 0t s 32.1 3.1
L A T et T AT R A o o SRV
D e W OV B N e e e 1 W1 425

=y Quamy U Oosr ToouCorr  Acoumaor(§)  Moowmasy (%)
Excavation 10000CY £ 20%  $1080+ 10%  $108000  $24150  <22% s
Concrete sidewalk BOLF+16% $400020%  $10000 82500  =25%
36-inch-dlamator concretepips  320LF +10%  $0000+ 16%  $28800 5102 +18% .
T _ sues0 @is2 s 4
Table 29.3 shows a procedure list as used by a typical  udlities. Quantity discounts that are given for construcdo‘n ";;

land development engineering group. It is intended to pro-
vide a framework for proceeding through the preparation of
a cost estimate. Not all items will be needed for every esti-
mate; however, all should be considered.

VARIABLES AFFECTING COST

Many variables affect the cost of a project. As the engineer is
preparing the cost estimate, he or she should be aware of
whether any of the following items are significant enough to
be investigated in more detall: size of the job, location of the
site, season, current state of the economy, financial factors,
cast of the property, type of the zoning and use, whether any
utility or road relocation is involved, whether any unusual
structures (e.g., retaining walls, bridges) are involved, and
an inflation factor.

8ize and Complexity of the Project

The size and complexity of the project can have a significant
effect on the cost of physical improvements, particularly
when considered on a cost-per-unit basis. Smaller sites can
require a nonproportional cost for infrastructure improve-
ment, particularly with respect to streets and underground

materials may not apply for smaller sites. Furthermore, it is
important to note that attaining additional yield—for exam-
ple, more housing units—does not always guarantee addi-

tional profit. This is especially true if the eost to develop the
additional yield is offset by additional infrastructure <costs.

The following example demonstrates that this condition
could occur.

Exampre 2

After a 60-unit single-family development project is
into the design stage, the client (developer) considers
an offer to purchase an adjacent site to add to the total
project. The site would add 12 units and, due to its
location, would enhance the attractiveness of the praj-
ect. However, the parcel of land being considered has
steep terrain and must be elevated by fill. To accom-
modate the additional units, the sanitary sewer and
storm drain system for a portion of the initial site
(Phase I) must be constructed deeper for 25 percent of
the units, at an additional cost of $2000 per unit. How
should you as the developer’ engineer, analyze the sit-
uation and what advice should you give your client?
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% [SUBDIVISION NAME
| S8 (Section, Lot No.)
I
% | ContrastWark Order No. Date
T s¢9All cost estimates shall be prepared by a senior engincer who will include all the following items in the cost estimate. (If not,
| brifly describ why)
j \._____  Clhsringand grubbing 8. Seeding
2. Excavation; 9, Sedding
a Class A, Rock exsavation
b. Class B, Regular 10. Driveways and driveway aprons
o Class C, Wet
d Class D, Haul 11. Guardyrails, reflectors
e Class E, Borrow
f ! Class F, Shrinkage 12. Painting
£ A T Sheeting and shoring 13. Lighting
4, Utility lines 14, Engineering
8, Sanitary sewer lines a. Engincering design
b. Storm sswer lines b. Surveying staleout
o, Underdraing
CH il R Waterlines 18. *Point out in caver letter items not
e Hleotrio included, such as:
f Gas 8. Land costs
| et W Lighting b. Interest costs
h. Remove and replace pavement o Inspection costs
d Bulider's overhead
5. Utility lines should be estimated e. Legal fees
considering the following: f Onsite work
8 Dopth of excavation 8 Planning and preliminary
b, Gravel underdrains enginoering work
e. Size and classification of main h. Advertising and public relations
d. Lincar foot quantities : i Permits and bonds.
e. French underdrains
| AT Sheeting and shosing 16. Riprap
8 Hand excavation
AR Rock excavation 17. Gravel - various kinds
i. Wet excavation
18. Structural steel work
6. Concrete work
SUERINGE Curb and gutter work 19. Timber construction
i bLEEaRET T Sidewalks eirs
3 (s S, Wingwalls 20. Temporary construction
B d. Cutaff walls o e
i ;' Reinforoed concrete ¢ Diwmdiwhea
e 8 0.
ol [l Misceilaneous concrete work
RS X Retuining walis 21. Sit control
4 a Seeding
| 7 Pavement b. Silt basin
N 8 Subbase
biKss St Base 22 Contingency item (10%.
b e Paving - Asphalt/concreto o = e
e d Paving - Portland cement

Fisune 29.1 Cost estimats checklist
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Project Name —
Prepared By Date —
Checked By Date —

Unit
Item Quantity Unit  Price Cost
A G
1. Clearing and Grubbing Acre
2. Disposal LS.
3. Excavation (cut) CY.
4. Embankment (fill) CY.
3. Borrow CY.
6. Spoil/Disposal CY.
7. Topsoil Removal/Storage CY.
8
Sub-Total for Clearing and Grading
B Lrosion/Sediment rol
1. Earth Berm LF.
2. Perimeter Dike LF.
3. Interceptor Dike LF.
4. Filter Fabric Fence LF.
3. Gravel Filters: (Excl. filters with basins) CY.
6. Inlet Sediment Traps Each
7. Sod S.Y.
8. Seeding (disturbed area minug
Pavements and buildings) 8Y.
9. Sediment Basins (including filters) Each
10. Wad:Rack(incl.wata-aervice) Each
11
Sub-Total For Erosion/Sedimtent Control
C. Streets
1. Bituminous Concrete Surface:
1" S.Y.
2" ' SY.
2. Base Course: 6" Aggregate SY
3" Bit. Conc. sY.
3. Aggregate Sub-base cY.
4. Cement Treated Aggregate CY.
3. Cement Treated Sub-grade C.Y.
6. Surface Treatment SY.
7. Gravel Shoulder SY.
8. Curb & Gutter LF.
9. Header Curb LF.
10. Median Curb LF.
11. Curb Cut Ramps Each
12. Commercial Entrance LF.
13. Driveway Entrance Each
14. Guard Rail LF.
15. Traffic Barricade Each

Fiaure 29.2 Cost estimate shest.
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r 16. Edge Delineators

18. Rock Excavation
20. SoilTening(Road)
21.

17. Sidewalk (4' wide, concrete)

D.  Storm Sewer
2. Pipe RCCP, Classes II-IV;

3. Pipe, CMP:

4. Endwall

S. End Section

6. Endwall

1. Easement Clearing & Restoration

15"
18"
21"
24"
ar
30'
kx
36
42"
48"

15"
18"
21"
24"
27
30"
3"
36"

15"
18"
21"
29"
7
30"
33"
36"

15"
18"
21"
249"
27
30"
3"
36"
42"
48"

|

LF.

C.Y.

LF.

Sub-Total for Streets

LF.

LF.

LF.

LF.

LF.

LF.

LF.

LF.

LF.

LF.

LF.

LF.
LF.
LF.
LF.

|
il

LF.

LF.

LF.

LF.

LF.

LF.

TN

TN

£

h
h

E

Fiaune 29.2 (Continued)
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7. Curb Inlet
8. Other Inlets

9. Junetion!ioxJB-l Pipe

size: Rl -
10. Manhole
11. Modified Structure
12, ComtoExiningSn'um
13. Remove Existing Structure
14. Pavement Restoration
15, Curtain Wall

16. Concrete Cradle/Encasement

17. Concrete Anchors

18. Paved Ditch

19. 8od Ditch

20. Rip Rap: Class I Ungrouted

Class 1 Grouted

Class II

2]. Piling

22. Box Culvert (compute Cost on Box
Culvert Computation Form)

23. Underdrains

24,

Sanitary Sewer
1. Easement Clearing & Restoration
2. PipeIncluding 0-8' Trenching
and Select Fill): 8"
10"

3. Pipe, RCCP (Including 0-8' Trenching
8'

and Select Fill):
10"

4. Pipe, Ductile Iron (Including 0-8'
Trenching and Select Fill): g
10"
5. Extra Trenching (Not includng Pipe):
8-12°
12-1¢
16'+
6. Manhole (All Manholes) 0.8
over8) 84+

12. Sheeting and Shoring
13. Pavement Replacement
14, Laterals; 94"

s'
15. Risers

ARBIIINIan

TN

e 1

I

Sub-Total for Storm Sewer

LF.

LF.
LF.

| |

LF.

LF.

Fiaure 29,2 (Continued)
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Fk 16. "T" or "Y" Connection
8"x4" L Each
8"x5" Each
10" x4" . =t Each
17. Lateral Connection to Manhole e e Each
18. Connect to Existing Structure T Each
19. Annal Pnp; ll::
20. or b
21. mnn Material = gl cCY.
22,
Sub-Total for Sanitary Sewer —ay
o @
F rval:.:m Clearing & Restcm:on LF.
2. Pipe, DIP: y ol LF
4" S LF.
6" L LF.
8" e vl LF.
10° L LF.
e — LF.
3. Valve 3" ol Each
4" U Each
: 6" . Each = S 1 W
8" Each
‘ 10" Each
Each
4. Fittings (Tees, Bends Crosses,
Reducers, and Offsots) LB.
3. Copper Water Service (Includes Curb Stop) -
Note: Tap fee may cover this item LF.
6. Wet Tap Each
7. Fire Hydrant - Each
8. Blow-off Each
9. Air Release Each
10. Rock Excavation CY.
11. Boring and/or Jacking LF.
12, Pavement Restoration LF.
13. Shoulder Restoration LF.
14, Concrete Anchor/Encasement CY.
18, Concrete Cradle LF.
16. Relocate Existing Hydrant Each
17. Sheeting and Shoring LF.
18. Select Fill Materia) CcY.
19,
Sub-Total for Water S D
G.  Miscellany
1. Septic Field LS.
2. Pump Each
3. Monuments and Pipes LS.
4. Monuments and Pipes Lot
3. Walkways and Trails: 4' Asphalt LF.
& Asphalt LF.
4 Gravel LF.
4' Woodchip LF.
a Fleune 29.2 (Continuen)
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e
6. Landscaping i |, LS. P A 220 RN o
7. Recrestional Amenities L8,
8. Soreening el o L8 ikt b, i s
9. Fencing L8, St A
10. Retaining Wall LA S LS. Ksir e LI AN
11, Well gl o, Bach s O S5 YA L e i d o
12. Birect Bign ek (o S SRS L
13. Wheel Stops PR Each s mlac
14,
Bub-Total fur Miscollamey
L3 Totad Cont =
1, Sub-Totals: Clearing and Orading
Siltation/Brosion Control
Btrocts
Btorm Sewer
Sanitary Sewer
Water
Misoellany
GRAND SUB-TOTAL
2. Bogineering & Contingencies ( %)
TOTAL COST
Note: Cost Dista Taken from avallable records.

Fiaune 28.2 (Contiued)

AnaLvsis amp SoLvrios

You, as the engineer, are aware that the developer is
seeking a 12 percent profit, or $15,000 per unit. You
decide to evaluate the additional costs related to the in-
cremental development (Phase II) against the required
profit.

First, you determine the required incremental profit:

$15,000/unit % 12 units = $180,000 (required profit)

Based on a preliminary evaluation of elevations of the
Phase 11 site, you estimate the cost of the fill required
to be $75,000. You also perform an analysis for incre-
mental infrastructure cost for Phase Il and estimate the
cost to be $60,000. You check with the local Jurisdic-
tion and find that the additional units in Phase I will
increase traffic volumes on the primary access route,
which also serves Phase 1. The increase in traffic vol-
ume will require the road to have a wider cross sec-
tion, and you estimate the incremental cost of the
widening to be $20,000. The total incremental infra-
structure cost for Phase II is $80,000.

Next, you estimate the additional cost for the deeper
sewers in Phase I. You have been told by the devel-
operk contractor that he would estimate the cost to be

$2000 per unit for 25 percent of the Phage 1 units, or
15 units. This results in an additional cost for Phase 1
of $2000/unit X 15 units = $30,000.

You now compare the total incremental costs to the
required profit:

Additional Cost for Fill (Phase Il) = $75,000 (29.4)
Additional Cost for Infrastructure (Phase I1) = $80,000
Additional Cost for Infrastructure (Phase 1) = $30,000

Total Cost = $185,000

You now prepare a report to your client indicating
that, based on your assumptions, he will not achieve
the required profit, since the total incremental cost
exceeds the required profit by $5000. You also advise
that if any unforeseen costs were incurred that are not
included in your evaluation it would make the differ-
ential even less appealing. You document your find-
ings and assumptions clearly in the report to the client
and include a copy of the report in the project files.

8pecifics of Sits

Development costs can vary greatly because of the specifics
of the site. The provision of services, particularly utility ser-

e L --!u.-.*_l_' - PP T LT ) 5 i
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TABLE 29.3 Procedure for the Preparation of Cost Estimates

All cost estimates shall be prepared by a senior engineer who shall, prior to beginning any quantity and cost estimate,
undertake the following:

1. Secure the plan that is to be used as the basis for the estimate, and clearly reference a set of the plans as the source
material upon which the estimate is predicated.

2. Research files and senior company engineers to determine what jobs, if any, have been done in the vicinity of the
subject tract.

Obtain soil maps or reports of the tract under consideration, if available.

Use a standard cost estimate checklist and itemize each quantity or clearly state why the quantity is not defined.

3
4. Conduct site inspection by physically walking the site, not just a “ride-by."
5
6

Secure from a reliable source (reputable contractor, current bids, contractor's data report, recent cost estimates) unit
costs for all improvements required.

7. Verify that costs secured are installed/finished construction prices.

8. Check all prices with another senior engineer to obtain concurrence on prices used.

9. Prepare chart-form cost estimate detailing type of improvement, quantity, units, unit cost, and total cost.

10.  Have addition and multiplication cross-checked by another qualified person.

11. Prepare a cover letter to accompany all cost estimates, making the cost estimate an integral part of the letter (i.e.,
number of all pages—1 of 4, etc.). In this way the cost estimate should not get separated from the cover letter that
qualifies the estimate.

12, The cover letter should enumerate that only those items listed in the cost estimate were considered. Additionally, it _
should detail those items that were not considered and why.

13 All cost estimates, regardless of how they are prepared, should qualify soil conditions and their possible effect on
development costs.

14 All cost estimates must clearly define the source base plan used for the estimate.

15, Al cost estimates must show the preparer of same and the date the estimate was prepared, irrespective of closiﬁém
signature.

16 All cost estimates should be checked by senior staff prior to being sent to the client.

17. All cost estimates should clearly state that costs are based on present-day dollars.

18. Al cost estimates should have rounded totals as final figures, which should include a 10 percent contingency factor~
added in at the end of the estimate.

19. Al cost esi}}ﬁates should state the source of unit costs applied to the quantities.

20.  Prepare the estimate in the order of construction events.

21, Include a base plan with the cost estimate and letter,
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vices, can cause a wide disparity In costs hetween sites, If
potable water, trunk sanitary, and/or storm sewer systems
are not readily available, the provision of connections to
these utilities can greatly increase construction costs for a
project. The reconstruction or widening of 8 major highway
can {nvolve substantial construction costs attributable to
the project and can have a serious impact on the per-unit
costs,

If earthwork balance canniot be achieved, fill must be
borrowed from an off-site source or excavation and embank-
ment material must be exported. These earthwork trans-
portation costs can seriously affect the economic viability of
the site. Errors in estimating earthwork can lead to mislead-
ing profit percentages, and care must be taken to estimate
these costs as accurately as possible. The quantity takeoff
estimate has become much more accurate with development
of a series of proprietary software packages, which allow for
electronic eompilation of quantities directly from the engi-
neering design files, specifically for earthwork through com-
parison of digital terratn models (DTMs).

The political climate, particularly with respect to neigh-
boring parcels, should not be underestimated. Costs to
buffer or protect adjacent neighbarhoods, using extensive
landscaping, sound berms, or walls, can add to the project
cast significantly. If posstble, these costs should be estimated
and tncluded within early feasibility cost estimates.

SOURCES OF UNIT COST DATA

As important as quantities and contingencies are to cost esti-
mating, the accuracy of the cost estimate also depends heav-
ily on the accuracy of the unit cost data. When providing
unit cost data for an estimate, it is recommenged that the
engineer check first with the client owner (or developer) to
determine whether a relationship has been established with
a reliable local contractor. If one exists, the contractor can
provide information on recent bid data on similar projects,
which is the best method of estimating unit costs. In some
areas, local construction companies form trade associations
to evaluate common problems and to promote their work.
Frequently, these groups publish listings of recent successful
bids. There are also nationally published bid tabulations
such as the Bid Reporter and the Contractors Data Report.
Many state departments of transportation publish recent bid
tabulations from which general information on unit costs
can be obtained.

Local public works agencies can also provide informa-
tion on recent costs. Care must be exercised when using this
information, since the construction costs for a public pro-
Ject may be different from those for privately constructed
projects. An example of bid tabulation from a local agency
is shown in Figure 29.3. In addition, many local govern-
ments require performance bonds for private projects.
Many public agencies publish a unit price list to be used for
the performance bond estimate. An example is shown in
Figure 29.4. Care must be exercised by the engineer in
using such information, as performance bond unit prices

e

generally are higher than private construction costs, singe A

additional amounts are included to reflect administration
and start-up expenses when the agency must step in 1o
complete a project.

In addition, there is published information genenally

identified as “Guides to Construction Costs,” These include
Building Construction Data by the RS Means Company, the
Dodge Reports published by the W, Dodge Company, and
Engineering News-Record published by McGraw-Hill. As
service to its readers, Engineering News-Record compiles ang

publishes an extensive amount of data on material prices

and eonstruction labor costs, A small amount of this data §s
then used to calculate two monthly index figures, the Con. _
struction Cost Index and the Building Cost Index. Bach
index is widely used throughout the U.S. construction in.
dustry s a benchmark for measuring inflation. These in-
dexes can also be used to contemporize and correlate aged
cost data with the base year of the estimate.

Other sources for cost guides include specialized trade :
assaciations such as the American Concrete Pipe Association
and the Iron and Steel Institute, among numerous others. Al
of these guides are only that; the unit prices should never be
used blindly, since conditions very from region to region
and, in fact, from project area to project area within the same
jurisdiction.

ENGINEERING ECONOMY

Occasionally, the land development engineer is asked to :
assist the client in evaluating a series of aliernatives (value
engineering), which may involve a type of decision making
called engineering economic analysts. The intent of presenting
the following information is not to provide a complete dis-
course on the subject, but to summarize the formulas used
in texthooks on the subject. The reader is directed to any of
the engineering economy texts listed in the bibliography for

a full explanation of the subject, as well as the necessary
tables to apply the principles involved.

Interest Formulas

While texts on engineering economics use different symbols,
the following are the ones most commonly used and are
taken from a well-respected text on the subject (Grant, 1990).

Symbols

/= Interest rate per Interest period.

n= number of Interest periods.

P= present sum of money.

F = sum of money at the end of n periods. It is equivalent to P
with interest /added. _

A=end of perod payment or receipt In a uniform series con-
tinuing for n periods.

Formulas, The following information is provided to enable
one to utilize the interest tables quickly when calculating
the information needed to analyze engineering economy
problems.

I i
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F=P(1+1) (20.5) Pe? —::
P F[ml,-)-,,-] 296
A“F['(TT/")'ET} (20.7)
Aﬂ[ﬁg%] (20.8) ' ‘ J ‘ ‘ ‘ ‘ } ‘1
F=A[Lb’?’tl] (20.9) apindl e L R

i A = $2,000 \
P= A[—(%g—,-)}l] (29.10) Fisune 20.5 Cashfigw dlag:m for'axample 8. -

The factors, which vary by interest rate and number of
periods, are found in most engineering economic analysis
texts. They are usually wristen gs (Factor, I, n). For example,
the uniform series present-worth factor ati=7andforn= 10
wouldbewrlttenas(PWEl,n)or(PWE 7%, 10), and is equal

Exameie §

How much does one have to invest today to be ahle to
achieve draws of $2000 at the end of each year for five
years, assuming interest is at 7 percent per year?

First, prepare a cash flow diagram (Figure 29.5). To
ﬂndPgivenAatn=5andl=7,

P= A (Present Worth Factor) (20.11)
= A(PWF, 7, 5)
= 2000 (4.100)

P=$8200

The next problem is included as an example of alternative
analyses that are commonly encountered in land develop-
ment engineering. It uses the principles of engineering eco-
nomics as described Ppreviously.

ExamMPLE 4

You are the engineer for a major landowner and devel-
oper. Your client needs to construct a storm drainage
facility that extends under a state roadway. Your client
has requested that you compare two alternative storm
drainage pipe systems and has provided you with two
bids from his contractor. Alternative A has a service
life of 50 years and a bid cost of $1,575,800. Alterna-
tive B has a service life of 25 years with a construction
bid of $1,275,000. Since your client will be the owner
over the life of the factlity, he wants to be sure he
selects the least-cost alternative over the long term.

You, as the engineer, investigate and find that the stgte
highway department requires a service life of 50 years,
meaning that Alternative B could require replacement
once during the service life of the project. You are
aware that inflation is at 4 percent and interest rates
are at 7 percent.

WFa  Auuvs A Asrmne B 2

Bid cost (P) $1,675.800 nam0 |
o] T T T
Interest (/) 7% o
Inflation 49 ;t%_

Your client has asked you to compare the life cost for
each alternative on an annual cost basis

For alternative A, using the economic analysis equa-
tion for annual equivalent cost (see Engineering Eco-
nomics Tables):

fN+iy
(1+/y-1

=1,575,800 (0.07246)
A= Annual Costy; , =$114,182

A=P[ ]=P(CHF, 7%, 50 yrs) (2912)

In Alternative B, the pipe is assumed to need replace-
ment in 25 years, since the service life is 25 years. Here
you assume that, at an inflation rate of 4 percent per
year, the cost to replace in 25 years is:

5= P(1+1)"= P(CAF, 4%, 25 yrs) (26.13)
= 1,275,000 (2.6658)
S5 =$3,398,895
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FIouRE 29.6 Cashflow diagram for Example 4,

Next, find the present value of $3,398,895 using i =
4%. ~

]
P= s[m] = S (PWF, 7%, 25 yrs)

=3,398,895 (0.1842) (29.14)
=$626,076
Adding this value to the first installation cost, you find
$1,275,000 + $626,076 = $1,901,076 for the total
Present value of Alternative B, Since you have been

asked to compare the alternatives on an annual cost
basis, you calculate:

_pof 1+iy
A_P[U +i)"—1]
= P(CRF, 7, 50 yrs) (29.15)

=1,901,076 (0.0724s)
Aura = $137,752

Figure 29.6 is 2 diagram that shows Alternative B cash
flows for each step.

Note that the whole computation process of finding
the annual cost could have been done in one step:

A= (P(CAF, 4%, 25)(PWF 7%, 25) (29.16)
x (CRF. 7%, 50) + P) (CRF. 7%, 50)

Based on the Preceding assumptions on an annual
equivalent cost basis, Alternative A is $114,182 per
year and Alternative B s $137,752 per year. In this
example, no cost of removing the pipe at 25 years is
included. You advise your client that Alternative A,
with the higher current bid cost, is the least-cost
solution over the life of the facility (50 years). You
prepare a report to your client documenting your
analysis and assumptions and put a copy in the proj-
ect files.

SUMMARY

Accurate, all-inclusive, and timely cost estimates are indis-
pensable mechanisms in al stages of a development project,
large or small. All assumptions and quotes from suppliers/
vendors/manufacturers/specialty contractors must be pre-
sented in clear and dated notes, The size of the project deter-
mines the potential complexity and multistage levels of cost
estimating required.

REFERENCES

Balmori, D., and Gaboury Benoit. 2007, Land and Natural Develop-
ment (LAND) Code: Guidelines Jor Sustainable Land Development.
New York: John Wiley & Sons.

Colley, B. 1998. Practical Manual of Land Development, 3rd ed. New
York: McGraw-Hill, Professional,

Grant, E.L., et al. 1990, Principles of Engineering Fconomy, 8th ed.
New York: John Wiley & Sons,

Park, WR., and D.E. Jackson. 1984. Cost Engineering Analysis: A
Guide to Economic Evaluation of Engineering Projects. New York: John
Wiley & Sons.



