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This paper discusses and explores the most recent findings

on construction delay. Construction delay touches on many areas

of construction management practice and is worthy of in-depth

study since it significantly affects costs borne by owners and

construction contractors alike.

The paper opens with a section on the causes of construction

delay, followed by a section on its costs. These two sections

discuss the most recent thoughts on the subject and prepare the

reader for the following sections.

The third section is a study of 48 recently completed public

building contracts (totalling over $100 million), and their

corresponding cost and schedule data. The study analyzes the

cause of each contract change order, its corresponding time and

cost impact, and a general study of the contracts and their

actual completion times versus-original planned completion. This

section provides quantitative data which supports the first two

sections. It also adds a field perspective to the paper's

content.

The fourth section discusses management solutions to

construction delay based on the preceding three sections and

other data gathered from field interviews and the latest

professional literature on the subject. This section is followed

by conclusions and an assessment of future research needs in this

significant area of the construction industry. ..
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A STUDY OF CONSTRUCTION CONTRACT DELAY;

CAUSES AND IMPACTS



A SE CTION 

CAUSES OF CONSTRUCTION DELAY

INTRODUCTION

The causal factors which contribute to construction delay

are numerous. It is the purpose of this section to discuss these

factors and their general impact on construction time and cost.

The goal of this study is to provide management with solutions to

avoiding delay. This is carefully considered in the fourth

section of the paper.

An effective solution must focus directly on the problem

source. This section focuses on understanding the problems which %

lead to costly construction delay.

In 1983, the Business Roundtable concluded a four year study

on the construction industry and its practices. The study

5addressed numerous topics pertinent to construction, of which
delay is one. The most striking finding that pointed directly to

delay was that over 50% of the time wasted during construction is

attributable to poor management practice (Newmann, 1983). The

study also concluded that scheduled overtime for the purpose of

speeding project completion generally adds to delay rather than

improve on it.

Other findings touching on delay included a general lack of

training industry-wide, lack of use of state of the art

management systems for schedule and cost control, and a general

lack of owner attention to contract arrangements and

responsibilities. In essence, the study pointed out that the

.).
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majority of productivity problems lies not with the construction

work force, but with management.

Since the 1983 report, much progress has been made in S

further developing construction management practice. However,

there are still many areas requiring management attention. As an

example, the most recent literature, as well as field interviews,

reveal that contractors' claims, particularly delay claims, are & _...

on the rise within the construction industry. This is a symptom -.

of a problem which is extremely costly to contractors and owners

alike. This management problem must be abated.

CONSTRUCTION DELAY IN GENERAL

All construction projects are dynamic and unique. Each is

site specific to a particular geography and environment. Each

has a different mix of owner, designer(s), construction

manager(s), contractor(s), sub-contractors, legal contract,

financial budget, and time constraints. Furthermore, the life e e*

cycle of a project from concept to ribbon cutting can take years,

resulting in many personnel and concept changes. Consequently,

prediction of delays is generally not possible. However, many

lessons can be learned from past experience, and some delays can

be generally categorized.

Construction delays can be broken down into three types: .

classic, serial, and concurrent (O'Brien, 1976).

Classic delay occurs "when a period of idleness or

uselessness is imposed upon contractual work". A classic delay

2
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can result from a contractor who is not prepared to accomplish

work as planned at a given time, by an owner who has not

eliminated all barriers contractually required for a contractor

to proceed, or by an outside force which neither party can

control.

Serial delay is a "linkage" or series of delays one after

the other, created by one original delay. This is also referred

to as the "ripple effect" of construction delays.

Concurrent delay occurs when both the contractor and owner

cause separate delays during the same period of time. In the

case of concurrent delays neither party can be held responsible

for the time or cost of the resulting delay.

As noted above, responsibility for construction delays can

rest with the owner, contractor, both parties simultaneously, or

an outside force (neither party).

A PROJECT MANAGER'S VIEW OF WHY DELAYS OCCUR (Shah, 1987)

To ascertain why delays occur and who is responsible, one

concept classifies the construction process into four categories:

a) related parties, b) owner's intentions, c) project specific,

and d) regulatory agencies.

The related parties are comprised of the owner, contractor,

designer, and the owner's agent. Experienced, informed, and

professionally thorough individuals must fill these roles. Some

construction delays result due to inexperience or unprofessional

actions on the part of one or more of these individuals.
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The owner's intentions are expressed through the contract

documents, namely the plans, specifications, and other written

And oral communication from the owner or his/her agent to the

other related parties. The owner's intentions are reflected in

how the construction contract is implemented. An effective

communication system established between these parties (generally

by the owner) is critical to avoiding delay. Conversely stated,

poor communication, through any of these media, contributes a

great deal to construction delay.

UThe entities that make up the project include the site and

its availability, the materials, labor, and equipment that

contribute to the project, and the project's technical design

(not to be confused with the owners intentions). Changes of

these entities during the project life cycle significantly affect

the degree to which the project is delayed. The environment and

subsurface conditions are part of the site and as discussed later

have major impacts on delay.

The last factor which affects construction delays is the

applicable regulatorv agencies or outside parties. These parties

vary with a given owner. A private owner may be subject to local

building codes as well as the governing political bodies (zoning

boards, utility commissions, etc...). The public owner is

subject to the some of the above bodies as well as many other

government agencies such as OSHA. As an example, the nuclear

construction industry is extremely regulated by the Nuclear

Regulatory Commission (NRC). When the NRC changes a particular

4



regulation, construction already in progress must adapt to meet

the new standard, resulting in redesign, rework, and often

extensive delays. Changes in contract scope which occur during

construction as a result of regulatory agencies or outside

parties are often termed "criteria" changes.

CAUSES OF DELAY DURING CONSTRUCTION

5 The historical causes of construction delay fall under

various categories and responsibilities of the related parties.

A list of the most significant delay causes based on numerous

publications and field interviews follows.

UNFORESEEN CONDITIONS

The two sub-categories of unforeseen conditions are 'force

maJeure' causes, or acts of God, and those caused by outside

forces. Unforeseen conditions are beyond the control of the

related parties, and are not caused or affected by any of the

parties' negligence or actions. They result in delays which are

excusable on a day for day basis, subject to the duration of the

unforeseen event. The most common of these are listed below:

Force Maleure Causes

Fires
Floods
Epidemics
Unusually severe weather (over and above "normal"

weather conditions)
Other acts of God

5



Outside Entities Causes

Acts of the public enemy
Acts of government or regulatory agencies
Acts of other contractors
Labor strikes
Freight embargoes
Subcontractor / supplier delays due to similar causes
Quarantine restrictions

UNFORESEEN WORK

A clear distinction should be made between unforeseen

conditions which result in excusable delay to all parties, and

unforeseen work which is generally a compensable delay borne by

the owner. As an example subsurface and other site conditions

are often referred to as unforeseen, however they are different

from the above list since their occurrence requires change in

work scope and adjustment of contract cost and time.

A more descriptive title for this type of unforeseen work is

"differing site conditions". They usually result from poor or

limited data made available to contractors during bidding

periods.

Contractors' claims relating to differing site conditions

account for 20% of all claims submitted, and more importantly,

35% of the dollar amounts paid to contractors in claims final

settlements (Thomas et al, 1987). Unforeseen work and differing

site conditions contribute immensely to construction delay and

present a great challenge to industry management.

6
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OWNER I WNER AGENT CAUSED DELAYS

Owners and their agents, (designers, construction managers,

3 etc.), contribute significantly to delay by their actions and

lack thereof. The owner's astute and active involvement in the

construction project life cycle is critical to the final outcome.

* Often owners impose great difficulties to construction progress

and add significant cost and time to their projects by failing to

properly plan ahead. A list of owner and owner agent caused

delays follows:

Owner Caused Delays

Failure to provide site access, property, right of way
Failure to fund the project
Failure to provide owner furnished equipment
Stopping work progress / unwarranted interference
Creating major scope changes after construction start
Failure to pay contractors on time
Failure to properly schedule and coordinate work of

other contractors working in the same area for the
same owner

Owner Agent Caused Delays

Failure to get approvals and coordinate with multiple
regulatory agencies

Defective plans and specifications
Inadequate information
Differing site conditions
Lack of exact as-builts (resulting in unforeseen work)
Delay in review and approvals of shop drawings and

submittals
Delay and improper handling of change orders
Directing contractors' method of construction
Failure to effectively communicate
Inadequate contract supervision / inspection
Failure to provide contractually required utilities

7



CON'TRACTOR-CAUSED DELAY

The list of management problems facing contractors is

similar to those facing owners. Contractors contribute to

construction project delays by their lack of properly planning

and executing jobs. Typically contractor caused delays are an

accumulation of day to day problems that build into sizable delay

over time. Historical causes include:

Slow to mobilize on site
Failure to properly estimate, plan, or schedule
Failure to project cash flow / financial difficulty
Failure to properly man the project
Failure to provide and maintain equipment / tools
Accidents on the work site
Poor quality assurance / workmanship

(resulting in rework)
Failure to coordinate work of subcontractors
Failure to have material on site
Inadequate supervision / inspection V
Inexperience with the particular construction type

undertaken
Failure to read the contract
Failure to communicate

It should be noted that some delays that seem accountable to

one party, may in fact be caused by action on the part of another

party. As an example, consider a contractor who is faced with an

owner who is slow in making progress payments on one of the

contractor's many jobs being worked at the same time. The

contractor may deliberately delay work for that particular owner

to complete work for other owners who pay more speedily.

Likewise, the same contractor may be faced with two

contracts at the same time; one of which is significantly more

profitable than the other. The contractor again may deliberately

8 ,Ibl p
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I
delay the less profitable job to speed completion of the more

profitable job to improve his/he: financial standing.

These two examples illustrate the sometimes complex problem

of determining the "real" cause of construction delay and the

necessity of sometimes taking a "closer look" at all issues and

facts surrounding the construction situation at hand.

One last intangible cause of construction delay is a poor

management relationship between the owner and the contractor.

Although it is often hard to define, this issue surfaces over and

over in literature and field interviews alike.

The traditional adversarial relationship between contractor

and owner is counter productive and promotes wasted cost and

time. It is a result of the conflicting goals of each respective

party. The owner wants the highest quality facility for the

least cost. The contractor wants to provide an acceptable

quality facility at the greatest profit. Management initiatives

which seek to resolve and compromise these differences will go

far in reducing the delays which increase costs, reduce profits

and limit utility for all parties.

THE RELATIVITY OF CONSTRUCTION DELAY

The cause and impact of construction delay is relative to

which party is being delayed and which party is causing the

delay. Furthermore, the occurrences of different types of delay

are relative to the type of construction being undertaken by

those parties. Lastly, the amount of construction delay realized

9
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is also relative to the original schedule of project completion.

These factors make construction delay difficult to

generalize as each separate project has its own unique set of

parameters which affect its progress development and sometimes

delay.

THE RELATED PARTIES p

Delay in construction can be defined as the "time overrun

either beyond the contract date or beyond the date that the

parties agreed upon for delivery of the project" (O'Brien, 1976).

In virtually all cases, delay is costly to all parties.

To the owner, delay causes revenue loss due to lack of

production facilities, continual dependence on old facilities, or

lack of revenue generating space. These revenues can never be

recovered by the owner.

To the contractor, the longer delayed construction period

results in higher or extended project overhead and often higher

production costs due to cost escalation. Furthermore the

contractor's financial resources are tied up resulting in reduced

bonding and bidding capacity for new jobs. In sumv .y 1

parties lose in a delay situation.

THE SCHEDULE

The first and foremost parameter affecting delay is the

original planned schedule for completion. This area of

responsibility belongs to the owner is some industry sectors, and

to the contractor in others. Responsibility for the original

10
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schedule is a function of the contractual arrangement between the

related parties.

The original scheduli provides the "base and time frame for

the contractor's work and therefore, the base for any allegation

of delay and claims springing therefrom" (O'Brien, 1976).

Typically schedules are tight. They are made this way

either intentionally by an owner who is willing to pay a premium

price for the final product, or accidentally by an inexperienced

owner. In any case, a tight schedule adds greater risk to the

contractor who is not in a position to question the contract time

frame during the bidding period.

Many experienced contractors expect some changes in work

during the construction period which will extend the contract

duration and hope that the working relationship with the owner

will be such that differences in constructable and planned

durations can be resolved. Often contractors include some 4

liquidated damages time in their bids to allow for longer than

qrequired construction periods.
In summary, tight schedules reduce the contractor's

flexibility in accomplishing construction projects, add to

contractor risk, and often result in delays. Attention is

required by the responsible parties to set more reasonable

durations and practical schedules which better serve all in the

construction contract process.

lIl



* TYPE OF CONSTRUCTION

The repeated occurrence of various construction delay types

is also a function of the type of construction being

accomplished. Some causes of delay are more prevalent in certain

areas of the construction industry.

In 1985 the Federal Highway Commission funded a study of

contract claims (which all involve delay to some extent). The

purpose of the study was to compare the actual base or root cause

of claims on federal highway projects with the alleged causes of

the claims as stated by the contractor. The results which

provide the relative frequencies of both the contractors' argued

reason and the actual base reason are provided below (Thomas et

al, 1987):

Relative frequencies of claims and correspondinQ reasons
(as argued by the contractor)

Extra work 38%
Owner delays 17%
Site conditions 14%
Design features 12%
Changed quantities 10%
Other 9%

Total 100%

Relative freguencies of claims and corresponding reasons
(based on root causes)

Contract documents 56%
Site conditions 20%
Scheduling problems 16%
Substandard work 5%
Contractual duty 3%

Total 100%

12
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The root causes summary provides some enlightening data for

construction managers and points to the most pressing problems.

These claims cost both parties a great deal of time and capital

expenditure. The mitigation and avoidance of these claims reduce

delay, direct construction costs, and administration time

(indirect costs). While this summary is for highway projects,

the problems are universal to the construction industry.

A similar 1985 study on nuclear power plant construction

revealed some interesting points on the causes of its delays.

The study revealed an average construction delay per project of

42.7 months (26 plant population) with an average original

schedule of approximately 70 months (Radlauer et al, 1985). A

listing from this study, of the reasons for delay and their

corresponding percentage contribution to total delay time follows

on the next page.

13
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Causes and % contribution to total delay time
26 nuclear Dower Rlants

Out of original scone work

Labor / Mat'l / Equipment delays 20%
Unforeseen Conditions (Strikes, Disasters) 5%
Regulatory redesign 50%
Non-regulatory redesign 3%

Out of Scope subtotal 78%

Deliberate Delays

Financial problems / Load growth 18%
Rescheduling 4%

Deliberate Delays subtotal 22%

Total 100%

This study illustrates the significant impact that redesign

and out of scope work have on nuclear power plant construction.

Regulatory criteria changes add close to two years to the average

project length. There is no other area in the construction

industry which is as regulated as this one. Regulation costs the

utility commissions, contractors, and rate payers a great deal of

money. Contractors in particular must keep this fact in mind

when preparing their bids and proposals and when scheduling and

planning work.

Public Works type construction is another area of

construction which faces different types of delays over other

construction. This is primarily due to the great amounts of

facilities refurbishment and building conversion projects that

14
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are undertaken by public works organizations. The five most

U frequent causes of claims and delays in public works construction

are: soil conditions, "unexpected" occurrences, the "new

construction mentality", undiscovered deterioration, and

scheduling / weather (Greenberg, 1985).

Soil conditions that bring about unforeseen work as cited

earlier in the paper are a universal problem throughout the

industry. Disputes over subsurface conditions and changed

quantities of work abound in this sector of the industry.

"Unexpected" occurrences refers to the uncovering of

previously unknown "historic remains" or old utility lines, etc.

U Delays and changes of this type stem from poor information

provided to contractors through as builts and other media.

The "new construction mentality" problem is one which stems

from the historic "mind set" of the related parties in the public

works construction process. Most public works parties still view

every construction site as a "new job" when in reality most

projects in this sector involve modernization and expansion of

iexisin facilities.

Many design problems result from the attitude that

renovation and modernization designs are the same as new

construction designs. This is not the case. For instance, site

access and utilities work are extremely different in existing

structures than during original construction. Many design

problems and change orders occur in public works renovations due

to lack of design constructability and forethought.

15
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*m
Likewise, contractors have a great deal of trouble on public

works projects because of the same mentality. In refurbishment

work, every job and its scope is unique and must be given a close

review. In essence, many contractor caused delays on public

works jobs stem from contractors not carefully reading the

contract.

Contractor caused problems can also come from contractors

who are accustomed to work in one particular market, and are

moving into a new market. Publicly funded construction and its

standards are much different from private construction standards.

Many contractors who are inexperienced in public construction

fail to read the contract until they are found to be the low

bidder and then realize that they have not properly estimated and

planned the work.

I Undiscovered deterioration is inevitable in public works

type work. The true physical state of a facility is sometimes

not known until after construction work has begun. This is

another case of an unforeseen work condition.

Lack of site access and weather difficulties present the

most cumbersome obstacles to scheduling public works type

projects since often construction operations and facility use are

ongoing simultaneously. Consequently, these are the two major

causes of schedule delays that face the public works related

parties. Weather related delays will be discussed later in the

paper.

16



Lack of site availability, as promised contractually, is a

problem for which the owner is responsible. This type of delay

can cost the contractor money for equipment and labor left

unproductive. This is a serious area of delay which results in

many costly claims, disputes, and litigation. It is a major

cause of delay on public works projects is well as other types of

construction.

Public works type construction projects present a different

perspective on delay. Some of the delays encountered are

universal to all sectors of the industry, and others,

(particularly unexpected conditions, undiscovered deterioration,

and the "new construction" problem), are more prevalent in public

works type projects. It is clear that the root of many of the

delays encountered stem from lack of forethought and

constructability planning on the parts of owners, designers, and

contractors alike (Greenberg, 1985).

THE TYPE OF WORK FORCE

Unionized construction sites add another dimension to delay

Sin construction. On these sites, jurisdictional disputes between

various trade unions develop over which union on the job should

perform a particular task. This can cause delays for which the

contractor is responsible since these types of disputes are a

part of the contractor's job of coordinating work. This is a

problem that again stems from lack of planning on the part of

contractors when planning and scheduling work.
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OTHER ASPECTS OF DELAY

It should be pointed out that delay is not completely

negative, and sometimes can benefit the related parties, although

this is the rare case. For instance, a contractor may be delayed

on a project, and during the delay time the price of oil or some

qother building material or commodity drops. When the contractor

recommences work, profit after delay (even with impact costs)

exceeds that planned originally. Likewise, if a contractor has

"work on the shelf" in the same general area, a delay on one job

may mean the start of another, thereby increasing the

contractor's volume in the short run.

With the right set of circumstances, a contractor can at

times turn a costly delay into a profitable time of work.

However, this is a rarity and generally does not occur. It is

for this reason that delay claims occur.

From the owner's standpoint, delay may be an accepted entity

to gain an overall objective. The Georgia Department of

Transportation provides a good example of this point. It has

been very successful over recent years because it has been able

to accelerate the amount of federal funding for Georgia highways.

It has done this by speeding its design process so that designs

are waiting "on the shelf" for funding. When other states have

not been able to obligate allotted federal highway funds due to

incomplete design, Georgia has been able to take the additional

funding to speed its own highway development.
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However, in the course of speeded pre-construction

development, some designs have not been as precise as required,

and in some cases right of ways have not been acquired. This has

resulted in a slightly higher rate of construction delays and

claims. However, the state has benefitted from a more developed

highway system than original funding would have allowed.

The state, in essence, has taken more risks in its pre- 4

construction development, (resulting in more than the normal

amount of delay), but has more quickly achieved its overall

goals. This is a case in point of accepting construction delay

as part of achieving facilities goals at a faster rate.

In summary, causes of construction delay are affected not

only by the four categories of the construction process, (related

parties, owners intentions, project, agencies / outside forces),

but also are significantly affected by the type of construction

being accomplished, the type of work site, and the type of work

force. Certainly there are factors not mentioned that are unique

to other construction sites.

Delays are not predictable, but some are "foreseeable". One

of the most prevalent root causes of many delays is lack of

complete planning by all related parties throughout the entire

project life cycle. The more one is in contact with all elements

of a project, the more that delays are foreseeable. The earlier

that problems are resolved, the less costly they are to all

parties, and the more effective is the effort of producing a M,

quality final product.
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WEATHER AND ITS EFFECTS ON CONSTRUCTION

Weather is a common cause of construction delay. It has

significant effects on productivity and construction methods.

But, often is the case when it is not fully considered by owners

and their agents during design, or by contractors during

* execution planning.

The major weather parameters that affect construction

include reduced daylight hours during winter months (which is

especially a problem in deep foundation structures due to less

indirect light), heavy precipitation, high winds, and low

temperatures (Page, 1971).

A recent study illustrated the significant combined effect

of humidity and temperature on construction productivity (Koehn,

Brown, 1985). It found that productivity began to drop at

temperatures below 50 degree F and above 80 degrees F and 45%

humidity.

To the extent that it is out of the ordinary or "unusually

severe", weather is an excusable delay allowed the contractor.

The contractor is entitled to a day for day extension of time for

based on the length of the weather delay. Traditionally

contractors receive no monetary consideration for weather delays

since they fall under the force majeure classification of

unforeseen conditions.

To prove a weather delay, a contractor must show that the

weather conditions in question were more severe than the

historical average and that the contract operation was impacted
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during the bad weather (Loulakis, 1984). Contractors who, during

planning and estimating, do not check historical weather records

for expected lost days during a contract period, increase their

risk of delay and liquidated damages liability.

Likewise, owners bring added costs upon themselves by not

checking local weather records when they establish contract

durations during the project design phase. This practice can

lead to unreasonable durations which will require a premium

price. Owners who do not recognize a contractor's valid weather

delay adjustment request, and do not grant equitable time to the

contractor, can very easily find themselves subject to an

acceleration claim.

Weather delays are inevitable in construction, which is so

dependent upon good weather for a great percentage of its

activities. Many weather delays are totally unforeseeable and

legitimate causes for delay. Others can be avoided, and others

mitigated by sound management practice, which is the source of

most weather delay related problems.

CONSTRUCTION DELAYS CREATED DURING DESIGN

As noted earlier, one construction claims study concluded

that 56% of claims can be traced to defective contract documents

and another 20% to site conditions (Thomas et al, 1987). One

concludes from this finding that many delays encountered in

construction stem not from the construction site itself, but from

the conceptual planning and design phase. These delays are
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clearly the owner's responsibility, and result from poor quality

plans and specifications.

Design deficiencies have increased over recent years due to

the greater complexity of facilities and the faster pace of the

project life cycle. Cut and paste methods of specification

writing, rushed time periods of final design, and last minute

decisions are the primary reasons that contradictory and

ambiguous contracts are issued. The designs which contribute to

delay lack constructability, clarity, and completeness.(Vlatas,

1986). The time, initially thought saved by the owner, in

rushing through design to expedite the project, is lost during

construction delays, and paid for in change orders, negotiated

settlements, and in the worst case, litigation.

Other problems with construction specifications is an over-

use by owners of "boiler plate" specifications and lack of a

quantifiable basis for approving or rejecting substitute products

under "brand name or equal" specifications (Kagan, 1985). In

addition, designs which are re-issued for clarification after

construction start and revised in response to contractors' shop

drawings submittal are major causes of claims and delay. Another

coordination problem in the design phase is resolving conflicts

between the architectural, structural and mechanical drawings.

Many designs are released for construction with these problems

which are ultimately solved through costly change orders and

delays.
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Another major problem which contributes significantly to

delay is lack of contract specifications which establish a

Ssequence of contractor shop drawing submittal in conjunction with
the construction schedule. Lack of such planning increases

procurement lead times for materials which are often critical to

the schedule (Kagan, 1985).

In summary, designs must be well thought out, and time is

foften not taken to consider all of the issues at hand before
releasing critical decisions which determine the project's final

outcome. Too much time designing and planning, on the other

hand, is costly to the owner as well. Architect and engineering

time costs the owner, and the longer the project life cycle,

generally the more expensive the final cost, particularly during

times when cost escalation abounds. A balance must be achieved

between these two extremes to provide designs which minimize

changes and construction delay.

Closely related to design of construction projects is the

product procurement cycle that provides facilities with

materials, equipment and engineered systems. It is estimated

that 58% of the $265 billion of construction value put in place

in 1983 was devoted to the product procurement phase of project

management (Ibbs, 1985). Certainly this percentage is close to a

an annual norm for the construction industry, and points to the

necessity for sound materials management techniques as part of

the project management function.
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3 A study of the procurement phase and product specifications

practice of 224 publicly funded water and waste water treatment

construction projects was undertaken in 1985 to more fully

understand the problems associated with materials management and

its impacts on project schedule and cost (Ibbs, 1985)

The first significant finding was that 45% of the projects

reviewed had some form of dispute with regards to the submittal

process and 5% of the projects experienced formal claims.

Average project delays resulting from these disputes ranged from

9 days for the most informal disputes to 53 days for the formal

claims, with an overall 14 day average delay per dispute. The

study also concluded that all projects, regardless of size, are

equally susceptible to submittal disputes, although most high

value, formal protests occur on the larger dollar value projects

where more capital is at stake.

Another significant finding was that "brand name or equal"

or proprietary specifications were responsible for most (56%) of

product related disputes as compared with performance

specifications (36%) and reference specifications (8%).

Corresponding average length of project delay for each of these

were 16.3 days per proprietary disputes, 7.8 days, performance,

and 9.3 days reference. This substantiates the earlier cited

problem of lack of quantifiable bases for rejection of

proprietary material specifications submittal (Kagan, 1985).

A major finding of this study with regard to construction

delay was statistical results supporting the idea that the
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3 earlier a dispute is settled, the less overall impact it has on

project costs and schedules. In addition, it was found that

"resolving a product dispute as early as possible saved, on

average, some two days additional administration time". Also

5 noted was the finding that the owner's probability of prevailing

in a dispute was highest at the earlier stages, and the

contractor's probability of prevailing was highest at the later

stages (which ultimately ends at the formal claims level).

Finally, the study concludes that the impact of the most

serious disputes had more than just an effect on the contract

schedule and budget. That is, "the more serious the level of

product dispute, the less likely the whole project is functioning

satisfactorily at this time". This final point again stresses

that there are no clear winners in formal disputes. It also

points to the fact that projects which are plagued with cost and

schedule over-run, are very likely to suffer in final product

quality. This study, funded by the National Science Foundation,

provided a wealth of information related to product specification

problems which contribute to increased project cost and delay

(Ibbs, 1985).

In summary, the design and pre-construction phase of the

project life cycle contributes to well over 50% of delays

encountered during construction. The numerous problems cited

above have serious effects on construction cost, scheduling, and

quality of the final product. Resolution of this problem clearly

rests on the shoulders of the owner as noted in the following
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excerpt from a construction dispute trial, U. S. v. Spearin,

1918:

If the contractor is bound to build according to plans
and specifications by the owner, the contractor will
not be responsible for the consequences of defects in
the plans and specifications .... This responsibility of
the owner is not overcome by the usual clauses
requiring builders to visit the site, to check the
plans, and to inform themselves of the requirements of
the work. The duty to check the plans did not impose
the obligation to pass upon their adequacy to
accomplish the purpose in view (O'Brien, 1976).

THE LEGAL ASPECTS OF DELAY

Since some delays lead to litigation, it is important for

the construction manager to have a basic understanding of the

legal implications of claims or disputes where a negotiated NO

settlement is no longer possible.

In litigation, and to a certain extent, arbitration, both

parties lose. Statistical claims studies substantiate the fact

that the dollar amounts of formal claims settlements are much

higher than those settled through negotiation. One constructioni

manager recently pointed out that when claims are settled by

litigation or arbitration, the end result is "both sides are

equally unhappy" (Scott, 1987).

Since construction projects are a function of so many

variables, it is very difficult to apply legal precedents from

common law that perfectly apply to the case in question.

Furthermore, those who make the final decisions in a court of law

may not be experienced in construction or familiar with the
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industry norms. For these reasons, litigation is equally risky

to both sides even when a case is clear in the eyes of the

litigating parties.

Claims result from changes that occur after an original

course of action, (in construction, the original contract scope),

has been set. Such changes include extra work, differing site

conditions, defective designs, damage to completed work, owner

interference, schedule interruption / changes, poor quality, and

delays. The roots of claims can be classified into six

categories: constructive change, acceleration, changed

conditions, schedule changes, contractual obligation, and

delay claims'(Callahan, 1986).

Constructive change claims result from owner's actions that

result in more contractor work and time, but for which the owner

refuses to execute change orders. This type of claim might

include disputes over design deficiencies and owner "over- .

inspection" (demands by the owner for higher standards than

specified).

Acceleration claims can be caused by an owner overtly

demanding that a project be completed ahead of the originally '.
4'..

scheduled completion, or from an owners insistence that the

original contract completion date be met, in spite of scope '

changes that would normally entitle the contractor to time

extensions.

Changed conditions claims occur due to differing site

conditions and unforeseen work encountered.

'
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Schedule change claims arise from suspensions, changes in

sequence, or terminations of contract work. Claims of this sort

include owner interference and interruptions, and owner

termination of contracts due to contractor default or for the

owner's convenience.

Contractual obligation claims are the miscellaneous category

which include refusal by the owner to take over completed work by

the contractor, or early beneficial occupancy by the owner which

interferes with work progress.

Delay claims are the most prevalent of formal construction

claims in the business. This is because virtually every scope

change and contractual action that occurs during the course of

construction has the capacity to delay the contractor in some

form. Delay claims can be caused by owners or their agents,

contractors, or acts of nature. Management caused delays can

include non-availability of work site, interference on site by

other contractors, owner directed work "slow downs", and slow

approval of shop drawings or submittals. Contractor caused

delays can include poor quality workmanship requiring rework, and 4

failure to procure construction materials.

All of the above claims involve construction delay to some

extent, and claims which reach the formal level are extremely

costly to owners and contractors. On large construction jobs, it

is not uncommon for claims to be in the millions of dollars, and

many take years to settle.
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One distinction to be made between claims and normal change

orders is that claims generally seek compensation for the impact

of a delay or unsettled change. Normal change orders are settled

by negotiation and generally the parties agree to an equitable

change in cost and time.

Formal claims are basically rare in occurrence but very

costly when they do occur. As an example, one recent study of

contract change orders and claims revealed that normal change

orders accounted for 96% of the change requests and over 99% of

all time extensions, but only 81% of additional compensation. In

other words, formal claims accounted for only 4% of change

requests and less than 1% of time extensions (3 of 1,583 days),

but aston! ;hingly 19% of additional costs ($1.2 million of $6.1

million) (Deikmann et al, 1985).

The report does not discuss the additional administration

and legal costs spent by the parties settling these claims. Even

the parties who win in litigation, lose. The case preparation

and legal fees required on either side of a claim is an enormous

expenditure of time and resources. This finding is typical of

the industry-wide problem of construction litigation and claims. %

Construction law as related to delay and delay claims is a

specialized field which this paper cannot begin to cover.

However, it should be noted that many actions on the part of the
-v

related parties can and do impact the outcome of litigation.

First, contractual disclaimers of liability or "exculpatory"

clauses, often used by parties in contract general provisions to
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avoid liability, are often over-ruled in litigation (Loulakis,

1986). In other words, the courts look more at the facts,

proceedings, and management practices of the case at hand, than

at the contract language.

Second, sound documentation, or lack thereof, has a very

significant impact on the positive or negative outcome of

litigation. Use of CPM to show schedule impact before and after 'V'CQ.

delays or changes has been found to be a useful tool in

litigation because it depicts the construction processes inter-

relationships. Because bar charts do not show inter-

relationships, their use in formal proceedings has not been

helpful to those using them. In one cited case, a contractor

lost a delay claim because the firm's bar chart schedules could '.'%

not substantiate evidence or impact of the alleged claim

(Loulakis, 1984). In addition, CPM and similar scheduling

techniques are tremendous management tools which, if used

properly, can help avoid litigation. Above all, the actions of

the parties involved have the most bearing on the outcome of

formal proceedings.

In legal proceedings one must be able to show that his/her :s

actions were in good faith and that sound communication was used.

Contractors in claims litigation must prove that additional

compensation is warranted by the contract and the facts and, more

importantly, the true impact costs of the claim. The owner must

generally prove otherwise. Contractors who win claims receive an

equitable compensation determined by the courts. Owners who are
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unjustly delayed by contractors, recoup their losses through

contractually set liquidated damages. The amount of liquidated

damages is determined in accordance with the owner's daily

contract administration cost and costs of delay in the new

facility's operation.

In summary, construction litigation is risky, complex, and

costly to both winners and losers. Many delay and other types of

claims result in litigation and formal claims proceedings which

are cumbersome and lengthy. Claims are a function of contractual -

and management breakdowns that certainly are less expensive to

solve than to continue legal settlements. Claims are the "worst

case" outcome of delays. Management solutions to delays and

contractual difficulties are strongly needed to avoid the time

and money wasted in construction litigation.

'N
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SECTION II

COSTS OF CONSTRUCTION DELAY

INTRODUCTION

This paper has discussed the causes and legal aspects of

construction delay providing the foundation for the remaining

sub-topics associated with management of delay problems. This

section discusses the quantitative aspects of delay; its costs.

BUDGET. TIME, AND OUALITY

The costs of delay can be classified in terms of financial

resources, time, and quality. The timing and duration of

construction delay significantly impacts all of these areas.

MONEY

The financial costs of delay are borne by both the

contractor and owner depending on which party is accountable for

the particular delay in question. The owner pays for his/her

delays through additional compensation to the contractor for

contract change orders and claims. Contractors pay the

additional delay costs attributable to their own actions. In

addition, a contractor may be liable to the owner for liquidated

damages due to delay in contract completion.

The costs (or damages) of delay can be categorized as

"liquidated" and "actual" (O'Brien, 1976). Liquidated damages

are used as a special means of quantifying delay costs to

expedite settlement without litigation. They are set in the

contract to which both the owner and contractor agree. Actual 4d
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damages can be either "direct" or "consequential".

Direct costs can include additional contract field

management resulting from extended project duration, extended

field and home office overhead, extended durations of equipment

use, labor and material cost escalation, and any other costs

which are directly tied to the project delay.

Consequential costs "result from the delay, but are not a

direct cost to it." They include such items as loss of bonding

capacity, limitations on work load due to limited working

capital, and opportunity costs of lost additional business

resulting in profit and income loss.

From the owner's perspective, the three types of delays

which can occur on a typical construction contract are

compensable, excusable, and non-compensable (Scott, 1987).

Compensable delays are delays for which the contractor can

recover damages and be granted a time extension. They are caused

by circumstances beyond the contractor's control. Typical

compensable delays include owner or owner agent caused changes

and differing site conditions.

Excusable delays are delays for which the contractor can be

granted a time extension, but no additional compensation.

Excusable delays are beyond the control of both contractor and

owner. The most common cause of excusable delay is unforeseen

conditions (strikes, force majeure causes, etc.).

Non-compensable delays are delays which are within the

control of the contractor, and for which neither time or
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compensation are granted. These delays may result in liquidated

damages assessment by the owner if the contractor fails to meet

the contract completion date.

Concurrent delay occurs when compensable and non-compensable

delays occur at the same points in time. When this is the case,

the contractor is due a time extension only and no additional

compensation.

Financial costs of delay are relative to the volume of work

in progress at the time of delay, the relative position of the

delayed construction activity in the overall project schedule,

and numerous other variables including costs of capital, labor,

materials, and equipment.

The cost of construction delay, in terms of time, again

costs both owner and contractor. The delay to the owner means a

longer wait for the new or modernized facility. This may mean

less revenues, less efficient operations, or any number of other

benefits which may be lost due to lack of a complete facility.

To the contractor, time delays mean extended project overhead

costs, cost escalation, and loss of future work.

In many respects, delay is an opportunity cost to the

contractor. This is because the amount of uncompleted work in

progress limits a contractor's bonding capacity. If that

outstanding work is delayed, the contractor is not making money

on the delayed job, and the delayed work at the same time is a

limit to present and future bonding capacity. A significant
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delay, in a sense, costs the contractor twice. Furthermore, the

delay makes certain operations underway unproductive, thus

limiting the contractor's cash flow on the job, and the

contractor's financial capacity to fund other work.

OUALITY

The quality costs of construction delay are more qualitative

than the time and financial resources costs. However, one recent

study, as noted in the first section, concluded that those

projects which were plagued with construction delay problems were

the most likely projects to be suffering from operational

problems in the post-construction, or "user" phase of the

facility life cycle (Diekmann et al, 1985). Some of the factors

which contribute to quality losses during delay include installed

materials suffering from environmental exposure, poor workmanship

due to longer "learning curves", low morale, errors and omissions

in work due to sporadic schedules and lack of continuity, and

numerous other types of quality losses specific to the projects

suffering from delay.

In summary, many of the delay quality losses are intangible.

Others, which are discernable and require rework, contribute to

more delay and higher costs of completion. Quality costs of

delay are related to the overall project management skills

employed by both owners and contractors, and both parties benefit

from sound construction management relationships and practice.
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A CASE STUDY OF TYPICAL COSTS (Diekmann et al. 1985)

One recent study of contract change orders and claims and

their corresponding root causes and costs in terms of additional I_

compensation and time, adds some perspective to the subject of

delay and its costs. The results of this study's additive change

order analysis on 22 federally funded construction projects

(total original award amount $103,900,000) is listed below:

CHAGES MONEY TIME 16 -
CHANGE ORDER TYPE # % $000 % S I

Design errors 145 46 2,452 40 290 l8
Changes

Mandatory 41 13 662 11 55 3

Discretionary 40 13 1,042 17 135 9
Differing Site

Conditions 46 15 772 13 140 9

Weather 29 9 0 0 560 35

Strike 5 2 0 0 400 25

Others 7 2 1,202 19 3 0

Totals 313 100 6,130 100 1,583 100
Statistics drawn from this data set include: Each additive

change order averaged $19,900 (skewed somewhat by the "Others"

category which involved 7 formal claims totalling $1,202,000).

25% of additive change orders requested additional time which

amounted to 20 days per time-extending change order. Unforeseen

conditions ("Weather" and "Strikes") accounted for 60% of the !,. -

additional time granted. It is interesting to note that design 'A

and changes, which are totally beyond the control of the
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contractor, accounted for 72% of the changes, 68% of additional

costs, and 30% of additional time on these contracts. The

additive change order rate for this data set was approximately

6%. Other conclusions can be drawn from this data which

quantifies some of the costs and causes of contract delay and

changes. The above data set is relatively small and only

pertains to the federally funded sector of the construction

industry (Diekmann et al, 1985).

.

ACCOUNTING FOR COSTS

Accounting for specific delay costs is one of the most

important construction management functions. From the

contractor's perspective, cost accounting is clearly related to

receiving equitable compensation for time and cost on projects

when original contract scope differs from field conditions.

To recover on a construction claim or change order, a

contractor must prove both the "entitlement and quantum aspects"

of the claim (Loulakis, 1985). Entitlement refers to proving the

contractor's theory of recovery within the confines of the

contract (i.e. differing site conditions, delay, etc.). Many

contractors devote substantial attention to proving entitlement

and then fail to properly quantify the costs with an "accurate

and organized quantum presentation".

Quantum presentation refers to how costs are shown and

proven for the change or claim in question. This presentation,

through records and other written media, determines the
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contractor's claim price. The related parties or courts,

whichever the case, use the quantum presentation and other

contributing facts to resolve an equitable claim settlement. B

The most accurate method of pricing a change order or claim

is by establishing a separate set of accounts for the work in

question, which demonstrates the actual cost of work performance.

Another method, commonly favored by contractors, but not as

often by courts and formal contract appeals boards, is the "total

cost" method. "Total cost" refers to the difference between the .-

original estimate and the final project cost. Contractors like

this approach since it, in essence, converts a fixed-fee contract

into a cost plus fixed-fee arrangement, thereby allowing

contractors to recover all project costs (whether owner-caused or

not).

Four conditions, established by common law, that must be met

before the total cost method can be used in claims proceedings

are: "1) the nature of the losses make it impossible or highly

impractical to determine them with a reasonable degree of

accuracy, 2) the contractor's bid or estimate was realistic, 3)

the contractor's actual costs were reasonable, and 4) the

contractor was not responsible for the added expenses" (Loulakis,

1985). These four conditions safeguard the owner from

contractors who would like to use the total cost method when it

is not justified.

Accurate and valid cost accounting, and proof of prudent

expenditures by the contractor, add to his/her credibility during
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settlement proceedings. This expedites settlement and reduces%

tensions which stem from the traditional adversarial relationship

between owner and contractor. A balanced approach, with both

sides considering the goals and needs of the other side, will go

a long way towards resolving cumbersome and lengthy negotiations

and avoiding litigation. Cost accounting which provides

management with the information it needs, is crucial to the

management of change and claims.

ACTUAL COSTS ASSOCIATED WITH DELAY

The costs of delay are a function of many variables

including the timing of the delay, the type of construction, the

impacts in terms of idle resources, the costs of resources,

extended overhead expenses, and many other similar variables.

Because of the uniqueness of each construction site, there is no

way to quantify an industry-wide daily general cost of delay.

From the contractor's perspective, common compensable,

(recoverable), delay expenses include "the costs of idle

personnel and equipme.t, losses of efficiency from the "impact"

or "ripple effect" of the delay, additional overhead, cost

escalation, and under certain circumstances, the costs of extra

efforts to accelerate completion of the project" (Denniston,

1985).

The costs of idle personnel and equipment stem often from

the inability of the contractor to transfer idled workers or on-

site equipment to another job. An owner caused classic delay or
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work disruption will usually result in this type of cost.

Losses of efficiency costs may include costs which result

from the contractor having to perform the delayed work (when re-

commenced) under less favorable conditions. Typical problems N

associated with inefficiency include reduced worker morale,

breakdowns in the normal flow of work, crew reductions, learning

curve losses, over-manning or crowding, demobilization and re-

mobilization, adverse weather, and site conditions when work is

re-started (O'Brien, 1985). Other efficiency losses may include

certain portions of work having to be performed in a different or

less efficient sequence, or use of less efficient construction

methods than those based on the contractor's original bid, work

plan, or CPM schedule (Denniston, 1985).

Escalation effects are vost costly in an inflationary

economy, and are a result of the delayed work having to be

performed during a later time when labor, materials, and

equipment are more costly.

Acceleration costs have been discussed earlier. This type

of cost generally occurs due to unreasonable and inequitable V

treatment of the contractor's situation by the owner or owner's

agent.

In addition to the direct costs of delay cited above, the

indirect or overhead costs also increase with the length of

delay. Overhead expense rates generally are the same whether a

job is progressing or delayed. Overhead consists of field

supervision, field expenses, bonding expenses, and home office
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overhead (O'Brien, 1985). Field supervision is the personnel

expense the contractor must pay to manage the contract on site.

Field expenses or "general conditions" are the on site contract

support expenses other than personnel. Items in this category

3 include trailers, office equipment, light trucks and cars,

temporary utilities, and other similar support items. Bonding

expenses, typically 1% of total cost, are the costs of bonding

during the additional delayed period. In addition, the

contractor may claim interest as an expense during a delay due to

the cost of capital while maintaining an unproductive job. Home

off ice expenses are typically 3 to 5% of the contract value and

many methods are used to calculate this item. The most widely

accepted method for calculating home office expenses is the

"Eichleay" formula, which uses the project revenues vs. company

revenues ratio for allocating home office overhead to the

contract in question (O'Brien, 1985).

The most important aspect of delay costs is the capability

of each party to identify quantifiable and separable impacts
J.

resulting from the delay. Where a dispute situation is

identifiable early on, both parties should maintain time and

material records in anticipation of the proceedings which will

settle the dispute. This action will benefit all parties as

resolution will be faster and more concrete. 1-
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THE TIMING OF DELAY

The most critical determinant of the cost of delay 
may be N

the time in the project life cycle when the delay occurs. A 1984

publication on the project management of the Metropolitan Atlanta

Rapid Transit Authority's construction of the rail and subway

system serving the greater Atlanta area, revealed some noteworthy

statistics concerning the work efforts during a typical project

life cycle. These are listed in the table below (Shah and

Lammie, 1984):

Cycle Phase Time Avg man-month/month

Concept Month 0 to 3 3.75

Preliminary
Design Month 3 to 8 6.25

Detailed
Design Month 8 to 20 10.75

Construction Month 20 to 42 101.25

This table illustrates the relative impact of the same delay

during various phases of the project life cycle. The direct

impact costs (not including escalation) of a classic delay in the .

construction phase is on the average almost 10 times greater than

the same delay during the detailed design phase.

As the report noted: "It becomes quite evident that in terms

of schedule acceleration or compression, a small staff increase 
-vA [

in the initial stage of a project will provide much more gain

than that same force applied toward the end of the project in

construction." It is also evident that costs of construction are
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best controlled in the early stages of the projec -lii cycle

when savings can be achieved through design decisiong"'and by

resolving coordination problems that could crop up 'dring

construction, leading to much more costly delay in terms of

impacts costs. A balanced approach must be taken:,, as too much

excessive planning results in the same day-for-day cost

escalation as does a delay in the construction phase.".

In summary, delays become more and more costly a-s the

project progresses through construction. The costw'& delay in

construction can be categorized into three areas; direct,

indirect and the "value of lost revenues and benefits" (Zarik, -

1985). An additional month of copcerted effort durd!I? the

planning and design stage in some cases might be welworth the

investment when one considers the greater costs associated with '

delays during the later stages of the project construction cycle..-

I

434

.?)4.

:..

".Y

43%,,



SECTION III

A FIELD STUDY OF CONSTRUCTION DELAY

INTRODUCTION

This section adds a field perspective to this study by

providing data drawn from 48 recently completed construction

contracts. The purpose of this field study was to review a

sample population of construction contracts and ascertain the

frequency and causes of contract changes and to assess their

respective impacts in terms of cost and delay.

THE DATA e%."

The sample population chosen is a group of 48 general

building construction contracts administered by the Southern

Division, Naval Facilities Engineering Command, in Charleston,

South Carolina. The Southern Division is responsible for all

U. S. Navy (and some U. S. Air Force) construction in the

Southeastern United States and consequently this sample

population includes many Southeastern U. S. locations. The

contracts were completed between October 1984 and April 1987.

It was decided to limit this study to forms of general

building construction so there would be some commonality in the

construction scopes of the studied projects. It would be

difficult to compare results, for example, of an aircraft

pavement project with a high voltage electrical system upgrade.

Even still, there were variations in the data as building

construction types included aircraft hangars, military personnel
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housing, instructional facilities, laboratories, modification /

conversion / building addition projects, office buildings, and

warehouse facilities. These variations, however, are not deemed

significant enough to nullify the results. In addition, much of

the analysis has taken the various building types into

consideration.

Specific data for each construction contract was collected

by reviewing each respective contract file and recording all

pertinent contractual data including original cost and completion

times, change orders with corresponding time and cost

adjustments, and their reasons for occurring. All data collected .,

for each contract and its corresponding change orders is shown by

sample contract number in Appendix B.

DATA MANIPULATION

Data was entered into 2 separate data bases, one for

contracts, and the second for change orders. The file manager

programs PFS File and PFS Report were used to store and sort the

two data bases. The contracts data base has a total of 48

contracts and the changes data base has 432 change orders. :
Data was sorted in numerous ways to achieve the results and

to ascertain the amounts of delay and additional costs

encountered. This is illustrated and explained in "results and

analysis", of this section. Applicable data sorts are shown with

the results. Other data sorts not specifically used in the

results and analysis, but which may provide the reader with a

better background of the data bases, are provided in Appendix A.
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RESULTS AND ANALYSIS

This part of the field study will be broken into two parts.

The results of the contracts data base will be discussed first,

and then will be followed by discussions on the results of the

changes data base.

THE CONTRACTS DATA BASE

TABLES 1 AND 2

The contracts data base consists of 48 contracts totalling

$100,156,635. A general summary of the data base is provided in %,

Table 1, which provides some of the basic data for each contract NON

including contract number, title, building type, liquidated

damages daily rate, and abbreviated cost and time data.

The total contracts data base had additional costs totalling

$6,864,839 with a total final cost of $107,021,474. Some

sensitivity analysis is required in that sample contract #46 has %

$1,896,595 in change orders or a full 27.6% of the total

additional cost. Therefore parts of this analysis have been

accomplished without taking contract 046 into consideration.

Table 2 provides a totals only summary of all reviewed contracts .

excluding contract #46.

Two of the factors which have been sought from these two .

tables include the cost factor (CSTF) and the final delay factor

(based upon original completion time), (FDF(O)). The CSTF, which

is calculated by dividing final cost by original costis an PJ"

indicator of cost over-run over the original bid. The FDF(O) is
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calculated by dividing final contract duration by original time

of completion, and is an indicator of total time over-run for the

project. The CSTF and FDF(O) for the two general summaries

provided in Tables 1 and 2 are provided below:

CSTF (all contracts) = 1.069
FDF(O) (all contracts) = 1.373

CSTF (excluding #46) = 1.052
FDF(O) (excluding #46) = 1.368

The two cost factors are, in essence, the dollar value

change order rate (6.9% and 5.2% respectively) for these

contracts. The delay factor is somewhat more significant (37.3%

and 36.8% respectively). A delay factor estimated at 1.37

results in a contract originally scheduled for 365 days finally

being completed in 500 days. These tables provide a "macro" view

of the contracts data base.

TIME FACTORS

Key time factors for use during review of the data include

the original contract time established at contract award (ORCT),

the additional contract time granted by change orders to the

contract (ADCT), the final contract time (FNCT) which is the sum

of the ORCT and ADCT, and the final contract duration (FDUR).

The FDUR may be less than the FNCT if the contractor completed

the job early, and may be greater than the FNCT if the contractor

was late, in which case liquidated damage days (LDDY) represent

the number of days the contractor was late and was assessed

liquidated damages.
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TABLE 1

3SiIARY OF ALL REVIEWED BUILDING CONSTRU CTION CONTRACTS

I CUNTRO TITLE/LOC TYPE CRIS COST FNL COST ORCT FOUR $LD CSTF FDF(O)
-- -. ------- ------ -------------------- - - ------ --------- --

11 811911 Applied Instruction Bldg, HAS Hemphis TN INST 3,676,111 3,933,923 420 747 415 1.171 1.779
32 83242 Ocean Research Lab NORDA St. Louis NS LAD 5,864,644 5,432,923 631 1,422 515 1.173 2.257U 3436 Brp Trng Bldg Barksdale AFS Shreveport LA INST 2,189,111 2,275,118 365 511 265 1.139 1.371
14 811112 FIB Support Facilities MCAS Beaufort SC MODS 3,865,11 4,669,575 411 535 195 1.268 1.338

95 6477 UEPH Modernization NCRD Parris Island SC NODS 2,761,911 2,817,341 331 532 265 1.117 1.612
6 811578 UEPH NCBC Gulfport NS HS6 2,828 ,11 2,858,737 428 759 315 1.111 1.817

I 17 811425 UEPH NCBC Gulfport NS HSS 4,623,154 4,641,377 733 717 1,296 1.114 1.111
N 811316 Chapel NAS Dallas TI INST 1,467,435 1,479,339 420 531 175 1.118 1.264
19 823384 UEPH Darksdale AF8 Shreveport LA HSS 4,731,13 4,773,881 451 562 1,382 1.139 1.217
13 796472 Cons. Support Ctr. England AFI OFFC 11493,10 1,537,241 455 551 185 1.132 1.211
11 836739 Alts to Rsv. Ctr. Savannah GA MODS 199,447 213,751 123 267 35 1.172 2.225
12 93365 Alterations to EDF NCBC Gulfport MS MOS 1,139,139 1,111,586 395 667 155 1.171 1.689
13 936449 PSD Bldg NSA New Orleans LA OFFC 1,115,333 1,326,615 365 384 115 1.11 1.152
14 83512 Ops Trng Bldg NAS New Orleans LA INST 1,776,11 1,825,916 481 524 185 1.129 1.192
15 83241 Env./ed. Facility Shreveport LA LAB 433,399 436,381 273 282 65 1.117 1.144
16 811924 Maintenance Hanger NAS Cecil Field FL HN8R 4,888,333 5,382,662 541 597 625 1.141 1.116
17 31399 Family Svc Ctr HAS Kingsville TI OFFC 393,33i 431,187 311 319 65 1.121 1.13
18 913855 Family Svc Ctr NAS Cecil Field FL OFFC 482,569 491,176 278 413 65 1.116 1.493
19 811412 UEPH MCRD Parris Island SC HSS 5,247,313 5,272,913 543 711 3,631 1.115 1.315
21 91439 Alterations to UEPH Shaw AFB Sumter SC MODS 1,864,111 2,149,317 540 621 792 1.199 1.148
21 821291 By@ Addition Sham AFB Sumter SC MOOS 1,798,111 1,911,284 365 513 215 1.163 1.435
22 831269 Waterfront Svcs bldg NS Charleston SC OFFC 912,163 912,314 273 515 225 1.989 1.871
23 8311H Child Care Ctr NAS Pensacola FL H86 794,31 861,121 443 485 135 1.183 1.112
24 83187 PSD Bldg NAS Kingsville T1 OFFC 635,333 651,214 361 383 85 1.126 1.156
25 933135 HOTRS Bldg Charleston AFS OFFC 2,935,227 2,991,378 455 598 315 1.19 1.314
26 820324 UEPH Improvements HCRD Parris Island SC MODS 1,135,679 1,324,469 273 377 215 8.989 1.396
27 811314 UEPH NAS Dallas TI HS6 3,312,733 3,328,341 423 654 1,323 1.135 1.557
23 813994 Ops Trng Facility HCAS Beaufort SC INST 827,777 845,777 212 221 1,681 1.322 1.342
29 933516 Crew Bldg Darksdale AFD Shreveport LA MODS 2,137,253 2,146,579 365 449 235 1.119 1.233
33 851529 Logistics Bldg HAS Dallas TI WHSE 614,392 621j281 183 395 75 1.112 2.194
31 83488 Training Bldg NAS Dallas TI INST 391,261 398,261 248 283 55 1.311 1.167
32 836185 PU Shops NAS Kingsville TI WHSE 1,417,118 1,417,589 365 379 135 1.338 1.338
33 931191 Sen'l Warehouse NCBC Gulfport NS NHSE 3,213,958 3,234,844 480 579 423 1.316 1.236
34 6355 Rel Ed Facility NAS Jacksonville FL OFFC 727,311 737,559 331 328 95 1.115 1.393

35 841872 Hqtrs Facility HAS Key West FL MODS 949,861 1,191,155 241 312 115 1.137 1.258
36 95M126 Family Svc Ctr HAS Beeville TX OFFC 396,08 416,172 383 376 65 1.151 1.253
37 951199 Child Care Ctr Barksdale AFt Shreveport LA MODS 743,113 746,981 271 333 75 1.109 1.122

33183 Ops Trng Facility NAS Corpus Christi TI MODS 574,831 581,863 3I 342 93 1.312 1.141
39 831194 Fleet Trng Facility MS Mayport FL INST 733,921 741,714 273 327 153 1.152 1.211
41 81983 6en'l Warehouse NAF Nayport FL WHSE 3,791,313 3,918,447 453 566 419 1.334 1.250
41 843446 Avionics Shop Addition NARF Jacksonville FL HSE 667,213 679,971 31 445 95 1.319 1.483
42 911139 AC Maint. Facilities HAS Cecil Field FL MODS 1,392,538 1,761,929 365 773 135 1.419 2.118
43 911443 Base CE Facility Shaw AFD Sumter SC OFFC 4,453,13 4,778,153 529 891 535 1.173 1.713
44 936413 AC Maint Hanger NAS Dallas TI HNGR 3,165,466 3,358,165 455 634 335 1.193 1.393
45 820245 Applied Inst. Bldg NTC Orlando FL INST 4,894,31 5,235,684 521 643 415 1.173 1.231
46 813346 Ops Trng Facility NS Mayport FL INST 5,219,122 7,115,617 540 797 565 1.363 1.476
47 81380 Family Svc Ctr NAS Corpus Christi TI OFFC 413,91 495,152 281 315 65 1.986 1.125
48 813321 aint Hanger Addition NCAS Beaufort SC HNGR 2,457,18 2,938,457 368 641 385 1.193 1.781

Average: 2,386,597 2,229,614 381 523 392
Total: 11,156,635 117,121,474
Count: 49
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TABLE 2
SUMARY OF ALL REVIEWED CONTRACTS (EXCLUDING 646)

CUONTRI TITLEILOC TYPE ORI COST FIN. COST ORCT FOUR ILI CSTF FDF(Oi

Average: 2,319,949 2,125,657 378 517 38
Total: 94,937,613 99,995,857
Count: 47

U
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TABLES 3 THROUGH 12

Tables 3 through 12 provide a more detailed look at the

contracts by building type. The building types and their

corresponding abbreviations are:

Building type Abbreviation

Aircraft Hangar HNGR
Personnel Housing HSG
Instructional buildings INST
Laboratory facilities LAB
Modification / Conversion /

Addition projects MODS
Office buildings OFFC
Warehouse facilities WHSE

Tables 3 and 4 are totals only summaries of all contracts by

building type, Table 3 includes #46, and Table 4 excludes #46.

Tables 5 through 12, (in Appendix A), provide the reader with a

contracts summary and cost and time analysis of each building

type and its corresponding contractual data. Table 7 provides

data for all of the instructional buildings including #46 and

Table 8 for all instructional buildings excluding #46. Two new

factors are introduced; the contract time delay factor (CTDF) and

the final delay factor (based upon the final completion time set

by the contract change orders), FDF(F).

The CTDF is calculated by dividing the final contract time

(after change orders) by the original contract time. It

represents the amount of delay which is allowed by the contract

and change orders.

The FDF(F) is calculated by dividing the final duration by

the final contract time. It is an indicator of whether the

contractor completed the job within the contract time as set by
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the contract and change orders. If the c. ntractor finished the

job early the FDF(F) is less than 1.000. If he/she completes the

job after the final completion date, the FDF(F) is greater than

1.000.

A summary of key cost and time factors for each building

type is listed below.

BLDG TYPE CSTF CTDF FDF(FE FDF(O)

HNGR 1.092 1.451 0.951 1.381

HSG 1.009 1.251 1.044 1.305

INST 1.128 1.317 0.996 1.322

INST(EX #46) 1.050 1.292 0.996 1.287

LAB 1.068 1.893 1.000 1.893

MODS 1.108 1.433 1.000 1.433

OFFC 1.035 1.278 1.018 1.301

WHSE 1.018 1.214 1.097 1.332

ALL CONTRACTS 1.069 1.361 1.020 1.388

It should be noted that the high CTDF and FDF(O) values for

the LAB category are somewhat misleading since there were only J

two laboratory projects, one of which had 792 days added to its

original duration of 630 days. This also increases the overall

delay factors. One can quickly see the impact upon cost factors

that contract #46 has on both the instructional category as well

as the overall contract total. Another point of interest is that

the modifications (MODS) and aircraft hangar (HNGR) categories
have the highest cost and delay factors of all the building

types.
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TABLE 33 SUHMIAY OF ALL CONTRACTS BY BUILDING TYPE

TYPE 0119 COST ADDCOST FNL COST #

Total: 11,411,4664 952,8 11,363,2943Count: 3

MSG

UTotal: 21,235,854 199,115 21,434,959
Count: 6

lUST

Total: 21,143,385 2,699,844 23942,2293Count: 9

Total: 5,498,143 371,261 5,869,-JI3
Count: 2

3 NODS

Total: 19,325,775 1,977,651 21,333,426
Count: 12

OFFCaTotal: 13,949,959 496,282 14,336141
Couat: 11

Total: 7,693,253 179,879 9,972,132
Count: 5

-- ---------- ------- ------
Total: 111,156,635 6,964,839 117,121,474
Count: 49
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TABLE 43 SUININARY OF ALL CONTRACTS BY BUILDING TYPE (EXCLUDING 146)

TYPE CRIB COST ADOCOST FNL COST #

-- ------- - -------

Total: 11,411,466 952,819 11,363,284
Count: 3

HS6

Total: 21,235,854 199,115 21,434,959
Ciunt: 6

3 INST

Total: 15,?24,363 $12,249 16,726,612
Count: 8

LAD

Total: 5,419143 371,266 5,969,363
Count: 2

NODS

Total: 18,325,775 1,977,651 21,313,426
Count: 12

OFFC

gTotal: 13,949,859 486,282 14,336,141
count: it

MUSE

Total: 9,693,253 179,979 9,972,132
Count: 5

Total:- 94,937,613 4,969,244 99,915,957 -

Count: 47
--- --------------- ------------
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TABLES 13 THROUGH 15

These tables present the contracts data base sorted by

3 dollar value of the original contract price. The 3 categories

for sorting purposes are: contracts greater than $3 million,

contracts between $1 million and $3 million, and contracts less

than $1 million. The upper echelon comprises 57.4% of the total

contract dollar volume (54.4% with #46). The middle echelon

comprises 31.1% (29.5% with #46), and the lower echelon 11.4%

(10.8% with #46). The following is a summary of the key cost and

delay factors for each dollar value segment of this analysis.

DOLLAR VALUE CSTF CTDF FDF(F) FDF(O)

> $3M 1.079 1.455 1.000 1.455

> $3M(EX #46) 1.052 1.453 1.000 1.453

$lM TO $3M 1.061 1.368 1.029 1.407

< $1M 1.032 1.216 1.048 1.275

One can conclude from this data summary that the cost and

contracted time factors were higher for the higher priced

contracts than for the lower priced contracts. However,

completion within specified times was more evident on the higher

dollar contracts primarily due to the higher corresponding

liquidated damages. From the standpoint of cost factor, this

data summary does not support the theory of economies of scale on

larger dollar volume contracts. However, the only factor being

considered in this analysis is dollar volume in and of itself.
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TABLE 13
INUNEIC DOLLAR SORT - ) 1 - TINE ANALYSIS

t6I COST ORCT ADCT FNCT EDDY FOUR CTDF FDF(F) FDF(O)

3812733 421 234 654 I 654 1.557 1.1il 1.557
63 I 61 111 156 1.111 2.61 2.611

3365466 455 274 729 1 634 1.612 1.971 1.393
3213958 480 99 579 0 579 1.216 1.131 1.216
367611 421 317 737 to 747 1.755 1.114 1.779
3791333 453 112 552 14 566 1.227 1.125 1.258
3865331 433 135 535 I 535 1.338 1.11 1.339

40 353 753 I 753 1.875 1.11 1.975

445331 521 371 891 3 991 1.713 1.111 1.713
4621154 701 7 717 1 717 1.11 1.633 1.11.
473110 451 112 562 3 562 1.249 1.111 1.249
4888131 541 57 597 I 597 1.116 1.1M3 1.116
489411 523 190 713 1 641 1.365 1.911 1.231
5864644 633 792 1,422 3 1,422 2.257 1.111 2.257
5219122 546 257 797 3 797 1.476 1.131 1.476
52473M3 546 129 669 41 711 1.239 1.161 1.315

Average: 473 214 694 11 684

.,

NUNERIC DOLLAR SORT - >83R (INCLUDES 146) COST ANALYSIS

ORI COST ADDCOST FMl COST 3

Average: 4,267,425 337,446 4,614,871
Total: 59,743,944 4,724,253 64,468,194
Count: 14
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TABLE 14
IJRIC DOLLAR SORT -)SIR TO UN31 TIRE ANALYSIS

ORIS COST ORCT ADCT FNICT LDDY FDUR CTDF FDF(F) FDF(O)

1i15111 365 19 384 O 384 1.152 1.181 1.152
135679 271 17 377 8 377 1.396 1.3o8 1.396
1539139 395 272 667 I 667 1.689 1.131 1.689
1392568 365 415 771 I 773 2.111 1.111 2.118
1417111 365 14 379 I 379 1.13 1.110 1.138

61 14 74 112 176 1.233 2.378 2.933
31 14 44 I 44 1.467 1.11 1.467

1467435 421 112 522 9 531 1.243 1.117 1.264
1493380 455 96 551 I 551 1.211 1.311 1.211
1776111 481 44 524 1 524 1.192 1.111 1.192
1791330 365 123 485 28 513 1.329 1.159 1.415
1844110 541 8 621 1 621 1.148 1.111 1.148
2117251 365 99 463 3 449 1.269 1.971 1.230
218111 365 135 531 1 511 1.371 1.111 1.371
2457318 363 291 641 I 641 1.781 1.3113 1.781
2768968 333 232 532 I 532 1.612 1.3in 1.612
232936 421 219 639 123 759 1.521 1.199 1.817
2935227 455 143 598 I 598 1.314 1.111 1.314

Average: 356 131 487 14 51

w NUERIC DOLLAR SORT S 1R TO <$M - COST ANALYSIS

CRIS COST ADOCOST FNL COST #

Average: 1,847,631 112,35 1,959,636
Total: 29,562,133 1,792,375 31,354,175
Count: 16

A
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TABLE 15
NUIERIC DOLLAR SORT - ( MI - TIME ANALYSIS

016 COST ORCT AKCT FNCT IODY FOUR CTSF FDF(F) FOUtO)

3199447 123 147 267 I 267 2.225 1.SI 2.225

3393261 240 I 241 41 281 1.111 1.167 1.167
3393333 311 9 319 I 339 1. 3 1.333 1.13
3963K 388 62 362 14 376 1.207 1.039 1.253

I 3413900 283 275 555 3 315 1.982 1.568 1.125
6433399 273 12 282 3 282 1.044 1.318 1.344
3482569 273 13 28 123 433 1.137 1.439 1.493
3574333 333 42 342 3 342 1.141 1. me 1.141
3614092 19O 22 232 193 395 1.122 1.955 2.194
3635113 368 29 38 9 3 .3 1.379 3.979 1.856
3667233 333 145 445 3 445 1.493 1.313 1.493
0783923 273 57 327 I 327 1.211 1.110 1.211
1727M3 333 29 329 3 329 1.193 1. IN 1.393
1743K1 271 33 333 I 363 1.122 1.311 1.122
1794111 441 45 485 3 485 1.132 1.3me 1.132
3827777 212 15 227 I 221 1.371 1.974 1.142
1912163 271 39 318 197 535 1.141 1.641 1.971
3949863 243 78 318 I 332 1.325 3.953 1.258

Average: 273 58 332 32 348

NUNERIC DOLLAR SORT - USIN - COST ANALYSIS

CRIS COST ADDCOST FNL COST 3

Average: 632,811 19,362 622,173
Total: 11,851,591 348,514 11,19,115
Count: 19

P~
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TABLES 16 THROUGH 18

These tables provide numeric sorts of the contracts data

base by dollar amount of liquidated damages per day. The results

are as expected; that as liquidated damages rise, completion of

the contract within the final time allotted is more likely. This

is illustrated below with a summary of the key time factors of

this sort.

DELAY FACTORS AND LIQUIDATED DAMAGES RATES

SLD/DAY AVG $LD/DAY CTDF FDFF FDF(O) I'-,

> $300 $800 1.455 1.001 1.457

$100 TO 300 $180 1.320 1.025 1.354

< $100 $ 62 1.228 1.071 1.316

& This summary basically supports the traditional thoughts on

liquidated damages and their effect on contract completion within

prescribed time limits. The summary suggests that as the

contract price and liquidated damages rise, so does the contract

time delay factor. This may be because contractors negotiate for

more time on change orders when more capital is at risk, while on

the lower dollar volume (and lower liquidated damages) contracts,

& they are willing to assume more risk.

* A review of these three tables will provide the reader with

much more information on this sort than is presented in this

summary.
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TABLE 16
LIQUIDATED DAMA6ES NUMERIC SORT - ) $388 - TIRE ANALYSIS

SLD ORCT ADCT FNCT CTDF LDDY FOUR FDF(O) FDF(F) ATDF LDDF ORIG COST

3,6m3 540 129 669 1.239 41 718 1.315 1.161 1.94 1.16 5,247,111
1,613 212 15 227 1.171 3 221 1.142 1.974 1.31 3.36 827,777
1,3892 451 112 562 1.249 1 562 1.249 1.11 1. a 1.11 4,731,10
1,296 738 7 787 1.118 a 737 1.111 1.18 1.11 1.30 4,623,154
1,121 421 234 654 1.557 a b54 1.557 1.313 1.33 1.1 3,112,71
792 543 Be 623 1.148 3 620 1.148 1.Ui3 1.33 3.11 1,864,181
625 540 57 597 1.116 3 597 1.136 1.18 1.33 3.33 4,888,333
565 541 257 797 1.476 3 797 1.476 1.13 1.1 3.8 5,219,122
535 523 371 891 1.713 3 91 1.713 1.113 1.11 3.1 4,453,333
515 631 792 1,422 2.257 3 1,422 2.257 1.310 1.11 8.K 5,164,644
421 483 99 579 1.286 a 579 1.216 1.3Kn 1.1 3.33 3,213,958
419 451 112 552 1.227 14 566 1.258 1.325 1.98 1.12 3,791,11
415 523 193 711 1.365 8 641 1.231 1.931 1.N 8.11 4,894,113
415 423 317 737 1.755 1# 747 1.779 1.114 1.99 1.31 3,676,11
393 431 353 751 1.975 3 751 1.875 1.833 1.1 1.31 3,865,31
315 455 143 598 1.314 3 598 1.314 1.333 1.33 3.33 2,935,227
315 421 219 639 1.521 123 759 1.87 1.199 3.84 1.16 2,329,10
315 455 274 729 1.682 1 634 1.393 1.871 1.33 3.33 3,165,466
335 363 291 641 1.791 a 641 1.781 1.333 1.N 1.33 2,457,6K ".

Average: 9i 476 212 688 1.446 if 689 1.99 3.31 3,711,734
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TABLE 17

LIMII1TE IMAGES UW IRIC SORI - )$1n 70 (13N - TIE "LYSIS

ILI UCT AIKT FKT CTDF LIDY FPI FF(0) FIF(F) ATOF LDI3 0316 COST

265 345 133 3 1.371 3 530 1.373 1.36 1.36 3.1 2,189,3 6
25 336 232 532 1.612 1 532 1.612 1.33 1.14 1.30 2,764,966
23 345 9 443 1 .248 1 449 1.236 1.973 I." I.3 2,117,253
225 271 38 336 1.141 197 505 1.871 1.641 1.41 1.39 912,163
215 271 117 377 1.396 3 377 1.39 1.366 1.16 3.36 1,633,479
235 345 121 485 1.329 23 513 1.435 1.35 1.95 1.35 1,798,3 3
195 436 135 533 1.331 3 535 1.338 2.36 1.36 6.3 3,865, 33
115 40 44 524 1."92 3 524 1.3"2 1.366 2.3 6.16 1,776,366
125 455 91 551 1.211 I 551 1.211 1.0M 1.3 3.36 1,4", 66
1 275 421 112 522 1.243 9 531 1.264 1.117 6.96 1.32 1,467,415
155 395 272 447 1.689 3 47 1.48#9 i.3 1.6 1..1 1,139,139
151 271 57 327 1.211 3 327 1.211 1.366 2.36 1.36 713,92
135 345 14 379 1.033 379 1.338 1.366 . 4.1,U7,000
135 365 45 771 2.111 3 771 2.111 2.366 1.60 .1.1 1,392,566
115 345 19 314 1.652 3 314 1.152 1.366 1.63 3.1 1,115,366
115 241 73 311 1.325 3 312 1.256 1.953 2. 1. 111 949,381

O 135 440 45 485 1.132 3 415 1.132 1. m 1.11 3.11 794,666

---- ----- - - --- ---- -------- -- -----

kefae:lIN 362 116 471 1.325 14 491 1.97 1.13 1,571,754
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TABLE 185 LlIGUIIiTED DWMES NIHERIC SORT - ($10 - TIRE ANALYSIS

OLD 0ET ABET FUET CTWF LMUY FOUR FW(O) FOF(F) ATDF LDIF ORIS COST

3So -- -321 1.693 1 -323 -1.193 -1.300 3.91 3.11 -727,110
u5 33 145 445 1.433 6 445 1.483 I.86 1.11 3.11 667,213
96 30 42 342 1.14 I 342 1.140 1.i l 1.11 1.1 574,166
85 366 21 3N 1.178 1 3 1.16 1.979 1.11 1.1I 635,16
75 271 33 313 1.122 3 33 1.122 1. me 1. 131 741,111
75 IN 22 22 1.122 193 395 2.1,4 1.955 1.51 1.49 614,192
65 N2 U2 1.217 14 376 1.253 1.139 1.96 1.14 396,1135 33 9 319 .131 1 36 1.38 1.36 1.10 6.90 393,1Do
65 26 275 5Z 1.912 6 315 1.125 6.568 1.36 6.66 411,9i
65 276 12 232 1.144 1 212 1.144 1.8me 1.10 1.91 433,399
5 273 1 26 1.37 123 463 1.493 1.419 6.69 1.31 482,569

55 241 3 24 1.966 40 286 1.17 1.167 1.16 1.14 396,261
35 i23 147 267 2.225 6 267 2.225 1."$ 1.0 3.NI 199,447
25 il 14 74 1.233 162 176 2.933 2.378 1.42 1.58 1,417,16
26 i I if .Los III 356 2.61 2.66 1.29 1.71 3,112,73N
is 36 14 44 1.467 , 44 1.467 I.66 1.10 3.86 1,417,3 6

A'r qie 62 221 53 281 1.266 3 36 1.16 6.14 781,593

----- -- ------- - -- -- --- ---.--
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TABLES 19 AND 20

The final and most interesting sorts of the contracts data

base are those of the contracts which did and did not have I-

liquidated damages assessed (Tables 19 and 20 respectively). A

summary of the key cost and time factors for these two tables is

listed below.

CSTF CTDF FDF(F) FDF(O)

LD's assessed (13) 1.024 1.287 1.192 1.534

No LD's assessed (35) 1.084 1.372 0.976 1.338 , a

All Contracts (48) 1.069 1.361 1.020 1.388

I.
The most striking point as shown in the summary is that the

cost factor is much higher on the contracts with no liquidated

damages assessed than on those that did have them assessed.

Furthermore, the contract time delay factor is greater on the

contracts with no liquidated damages.

This indicates that contractors on the lower cost factor

jobs possibly had less incentive to complete them on time, and

were more likely to seek more income on other jobs. This is a

significant finding. Closer review of Table 19 will show that

with a few exceptions most of the jobs with assessed liquidated

damages assessed had relatively low liquidated damage rates, and -

thus besides the low cost factor which suggests low profit

margin, the cost of delay to the contractor was minimal, and

incentive to complete the job was low.
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TABLE 19

AU. CONTRACTS WITH LIQUIDATED DAMES ASSESSED

# ORCT AOCT FUCT LDDY FOUR SLD TOT SLD ATDF LDOF ORI6 COST FNL COST CSTF

36 423 219 639 121 759 315 37,81 1.84 1.16 2,829,111 2,958,737 1.111
19 548 129 669 41 713 3,633 147,611 3.94 3.86 5p247,118 5,272,913 1.115
27A 63 0 63 111 156 21 2,223 1.29 3.71 3,112,701 3,028,341 1.135

it 421 317 737 13 747 435 4,158 1.99 0.31 3,676,111 3,933,923 1.171
g8 421 112 522 9 531 175 1,575 1.98 1.12 1,467,415 1,479,339 1.138
31 241 1 243 41 28 55 2,211 1.86 3.14 390,261 391,261 1.633

21 365 121 485 29 513 235 5,743 0.95 3.35 1,799,111 1,911,284 1.163
19 2?1 11 291 123 413 65 7,995 3.69 1.31 492,569 491,176 1.116
22 273 38 318 197 535 225 44,325 3.61 1.39 912,163 912,314 3.989
36 311 62 362 14 376 65 911 1.96 1.14 396,1i 416,172 1.351

30 193 22 202 193 395 75 14,475 3.51 3.49 614,392 621,281 1.112
323 63 14 74 112 176 25 2,551 3.42 3.58 1,417,133 1,417,589 1.88
41 451 112 352 14 566 419 5,966 3.99 0.12 3,791,03 3,918,447 1.134

all: 337 87 395 77 471 435 21,331
1: 277,306 26,122,191 26,639,967
t: 13

.J,
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TABLE 205 ALL CONTRACT WITH NO LIQUIDATED DANASES ASSESSED

TYPE # ORCT ADCT FNCT FDUR SILD O RI COST FNL COST CSTF

HNwR 16 341 57 597 597 625 4,88,111 5,182,662 1.14144 455 274 729 634 315 3,165,466 3,351,165 1.193

48 361 291 641 641 315 2,457,313 2,931,457 1.193

HSS 17 711 7 717 717 1,296 4,623,154 4,641,377 1.134
19 453 112 562 562 1,382 4,731,111 4,773,88 1.119
23 441 45 485 485 115 794,111 861,321 1.13

INST 33 365 135 533 51e 265 2,189,11 2,275,318 1.139
14 481 44 524 524 185 1,776,111 1,825,916 1.328
28 212 15 227 221 1,611 827,777 845,777 1.122
39 273 57 327 327 153 713,92 748,714 1.352
45 521 191 713 641 415 4,994,31 5,235,684 1.171
46 541 257 797 797 565 5,219,122 7,115,617 1.363

LAD 12 6311 792 1,422 1,422 515 5,164,644 5,432,923 1.173
15 273 12 282 292 65 433,399 436,38 1.117

NODS 34 433 135 53 535 195 3,865,11 4,669,575 1.218
35 330 212 532 532 265 2,761,911 2,817,341 1.117
11 121 147 267 267 35 199,447 213,753 1.172
12 395 272 667 667 155 1,139,139 1,111,586 1.171
21 543 o 623 621 792 1,364, 33 2,149,117 1.399
26 271 117 377 377 215 1,135,679 1,324,469 3.989
29 365 9 463 449 235 2,117,231 2,146,579 1.119
35 243 78 318 332 115 949,363 1,381,355 1.137
37 273 33 313 313 75 741,13 746,991 1.039
33 333 42 342 342 91 574,3IN 583,863 1.112
42 365 435 771 771 135 1,392,50 1,961,929 1.439

OFFC 1 455 96 551 551 185 1,491,3N 1,537,241 1.132
13 365 19 384 384 115 1,315,33 1,126,615 1.311
17 310 9 339 319 65 393,3 431,307 1.121
24 360 29 388 333 85 635,1u3 651,234 1.126
25 455 143 599 59 315 2,935,227 2,991,178 1.119
34 310 29 328 328 95 727,133 737,559 1.315
43 523 371 81 991 535 4,453,3M 4,778,153 1.173
47 29 275 555 315 65 411,900 435,352 1.934

WNSE 33 480 99 579 579 423 3,213,958 3,234,944 1.336
41 314 145 445 445 95 667,133 679,971 1.819

Average: 3" 145 535 522 345

Total: 74,134,445 91,301,507
Count: 35

---- ----
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THE CHANGE ORDERS DATA BASE

TABLES 21 THROUGH 30

The changes data base consists of 432 change orders which

correspond with the contracts analyzed above. These changes with

their corresponding contracts can be reviewed in Appendix B. The

changes total $6,864,839 with contract #46 included, and

$4,968,244 (390 change orders) without contract #46. The

analysis has been accomplished, mostly not considering contract

#46, since its much higher change order rate and dollar volume

significantly affects the outcome of the analysis.

Tables 21 through 30 are summaries of the contract change

orders by building type, similar to some of the contracts data

J. base summaries. These tables show both summaries with and

without the effect of contract #46. A summary of the data is

k listed below. Tables 21 and 22 follow the summary. Tables 23

through 30, found in Appendix A, provide more extensive

information on the changes as related to building type.

BOST TY CONT CNS

HNGR 11.0 19.2 6.4 8.2

HSG 22. 3 4.0 12.8 11.3

INST(EX 046) 16.8 16.1 17.0 13.8

LB587.5 4 .3 5.6 VMODS 19.3 39.8 25.5 33.8..-

WHSE 10.2 3.6 10.F' 8.9 "*

W6 '
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The above summary presents elements from both the contracts

and changes data bases. It illustrates how per-cent original

contract costs compare with per-cent additional change order

costs for each respective building type. For example the

aircraft hangar projects account for 11% of the original bid

amounts, but a higher 19.2% of the change order amounts.

Likewise, the modifications projects account for 19.3% of the -

original contracts but a very high 39.8% of change order costs.' "

This summary shows where the most costly building types are in

terms of additional cost.

REASON CODES

Reason codes are used throughout this analysis to identify a t_
root cause for each change order. Change orders are often cited

in terms of these reason codes. The reason codes and their

corresponding causes are listed below.

Root cause of chane order Reason code N.,
Formal claims settlement CLMR
Discretionary owner change CREQ
Mandatory owner change CRIT
Design error change DSGN
Extra work change SCPE
Time Extension TIME
Differing Site / Unforeseen work UNFO
Value Engineeri change VALE

In addition to reason codes, sub-reason codes have also been

included in the data base to ascertain to a greater extent the

cause of the change. For example an UNFO change may have a sub-

reason of ASBESTOS or FOUNDATION. A DSGN change may have sub- -,

reasons such as ELEC or INT ARCH. These sub-reason codes may

assist the reader in further change cause identification.
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TABLE 21

CHAN6E ORDERS SUMNARY BY BUILDIN6 CONSTRUCTION TYPE

# COST TIME CH6_

HN6R

Total: 952,918 612
Count: 32

HS6

Total: 199,135 746
Count: 44

INST

Total: 2,698,944 1,117
Count: 96

LAD

Total: 371,263 884
Count: 22

ROps

Total: 1,977,651 2,369
Count: 132

OFFC

Total: 496,282 1,379
Coant: 72

fE

Total: 178,879 382
Cout: 34

Total: 6,864,139 6,89
Cout: 432

, ',, .. ,.,
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TABLE 22
CHAIE ORDERS DY DUILDIN6 CONSTRUCTION TYPE (EXC.UDING 146)

# COST TIME CHN6

Hm

Total: 952,818 612
Count: 32

HS6

Total: 199,115 746
Count: 44

INST

Total: 812,249 863
Count: 54

LAD

Total: 371,26# 814
Count: 22

MODS

Total: 1,977,651 2,169
Count: 132

OFFC

Total: 486,282 1,879

Count: 72

NHSE

Total: 178,879 382
Count: 34

Total: 4,968,244 6,552
Count: 391

68



TABLES 31 THROUGH 40

These tables present a great deal of data by illustrating

the changes by their respective reason codes (and by their sub- |

reason codes in some tables). Tables 31 and 32 are summaries of

change orders by reason code. Tables 33 through 40 provide more

detailed information and are found in Appendix A. These tables

provide the reader with some idea of the frequency of occurrence

of these changes and their costs in relation to other causes. A

summary of the reason codes with corresponding percentages of

cost, time, and frequencies of occurrence is listed below.

REASON CODES CONTRIBUTION TO TIME AND COST (EXCLUDING #46)

%F OF %OF # OF
REASON CODE COST TIME CHNGS CHNGS

CLMR 9.1 1.1 0.3 1

CREQ 22.8 18.7 12.8 50

CRIT 6.3 5.4 5.4 21

DSGN 36.8 33.3 40.3 157

SCPE 0.0 0.0 0.0 0

TIME 0.1 14.3 6.9 27

UNFO 25.1 27.2 33.3 130

VALE -0.2 0.0 1.0 4
".¢

TOTALS 100.0 100.0 100.0 390

. 4 .. '
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This is a most significant summary since it illustrates

where the causes and costs of changes exist in this particular

data set. Design error changes are significant. When added to

mandatory and discretionary changes, the three reason codes

account for 65.9% of additional cost, 57.4% of additional time,

and 58.5% of the number of change oders.

Inspection of Table 38 reveals that 33% of time only changes

are attributable to the owner or 4.8% of total additional time.

Therefore 62.2% of construction delay for this data set is

directly attributable to the owner. The remaining delay is

caused by differing site conditions, material delays and strikes,

and resolution of one claim. Furthermore, the additional cost

percentage is even greater. This is a significant finding.

70.
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3 SUIINAORY OF CHANGES BY RT'AFiODF'(COUNTS AND TOTALS)

NA0W REAS COST TIME CH61

Total: 891969
Count: 3

CREG

ITotal: 1,174,921 1,224
Count: 52

CRIT

Total: 1,281,668 379
Count: 33

DSBN

Total: 1,776,411 2,191
Count: 176

SCPE

Total: 139,468 121 J

Count:1

TINE

Total: 3,U n935
Count.- 27

UIIFO .q

Total: 1,613,566 1,896
Count: 136

VALE

Total: -15,574 3
Coot: 4

Total: 6,364,339 6, er
Coust: 432

---- - ----- --- --- ---



TABLE 32

SUIMY OF CHIANE ORDERS (EICLUDIN6 #46)

N J AI COST TINE CHN #

eM

Total: 452,524 69
Cout: 1

CUEI

Total: 1,138,416 1,224
Cc-,nt: 58

CRIT

Total: 311,941 353 -. '.

Count: 21 .'."'

ISM

Total: 1,831,654 2,191
Count: 157

TINE

Total: 3,188 935
Cout: 27

WeO

Total: 1,248,117 1,781
Coat: 133

Total: -15,574 ,
Comnt: 4

Total: 4,968,244 6,552 -"/
Count: 39"
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TABLES 41 THROUGH 46 (TIME AND NO TIME CHANGES)

These tables show the additional-time and the no-

additional-time changes separately, sorted by reason codes and

building types. Using the data base, (without contract #46), the V-C

results indicate that additional time changes account for 51.3%

(200 of 390) of the changes and 73.5% of additional costs. The

average contract time addition by each change order is 32.8 days.

When all changes are considered, the average becomes 16.8 days.

Average cost of each time-adding change is $18,244, and for

each change not affecting time, $6,945. Distribution of the JI

changes with and without additional time by reason codes and . .

building types do not differ significantly from previous ..-. _,"

summaries. These tables are found in Appendix A.

. .- '....
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TABLES 47 THROUGH 53

These tables, (in Appendix A), depict the data base (without

contract #46) sorted by the dollar value of the change orders. A

table which summarizes the results follows.

CHANGE ORDER S VALUE %CONTRIBUTION TO ADDS L TIME AND CO
(excluding contract 046)

DOLLAR RANGE CHNGS CHN

>$100K 40.9 24.5 2.610-

$75-100K 3.2 2.7 0.5 2

$50-75K 12.4 5.3 2.6

$25-50K 15.1 10.6 5.6 22

< $25K 28.4 56.9 8 .7

TOTALS 100.0 100.0 10C7 29'

This summary illustrates the relative low occurrence r f

changes exceeding $25,000 (11.3% of all changes), but the

magnitude of the dollar volume these changes add to contract

value (71.7% of additional costs). The lower dollar val,.e c:harq*

DO orders occur much more frequently, and account for the ma~rr.'l

ON- of additional time, but only 28.4% of additional cGsts.

Tables 52 and 53 show all change orders exceed~nq .'~

and by reason code, for the full data base and for crntract 040#

respectively. It is noteworthy that seven of the 04V6 cnanges

exceeded $100,000 and in all, these seven changes totalled

$1,657,247. This the primary reason that it has been left out o

much of the analysis.
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T LES 54 THROUGH 58

These tables, (in Appendix A), are similar to those that

sorted the changes by dollar value. These however, illustrate

per-cent contributions to total additional time and cost, based

on each change order time duration. The summary below excludes

all changes from contract 046 and all changes which did not add

contract time.

CHAGEQRDER TIM_[ CONTRIBUTIOJN-_TQADD-PL TIM! AND COST

(ocluding contract 046 and cost only changes)

LIM LQz L_ L

I0C DAYS 3.72 47.3 7.5 15

7% *rj DAYS 2-t 7

50-74 DAYS .7.9 9 3 50 1t.0

25-49 DAYS 6.6 15. 7 14.0 28
2t DAYS 33. 18.4 76. 140 ,

1~ 10

TOTALS 0. 10 0.C I r.0 2 C

This summary adds some perspective to .aryje a&2itiona. time

cnanqe riers whic, as the summary :lIustrates, account for a

sigrif~cart amount of dollar v over half of additional time

f56.6% for changes involving 75 or more daysj, and low relative

frequency. 84% of the change orders granted much shorter time

durations (J to 49 days).
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Observation of the above summaries and tables reveals that

the most costly causes of change orders are design errors (DSGN),

discretionary owner changes (CREQ), mandatory changes (CRIT), and

differing site conditions / unforeseen work (UNFO). These four

3 causes along with time only changes (TIME) significantly affect

construction contract delay.

The last two summaries below, depict the per-cent cost and

time attributable to these more frequent causes, by corresponding

building construction type. This enables the reader to discern

the time and financial impact of each change order root cause

with any of the particular building types studied.

LDOLLAR VOLUME OF EACH CHANGE ROOT CAUSE BY BLDG TYPE
(ALL CONTRACT CHANGES)

HNGR 19.4 2.1 5.0 4.1

HSG 6.9 4.4 -0.9 2.9

INST 26.1 13.3 0.3 11.0

INST (#46) -3.1 3.1 75.7 22.7

LAS 8.0 15.8 0.0 2.7

MODS 36.8 38.7 17.3 40.1

OFFC 4.2 16.2 -0.2 13.9

WHSE 1.7 6.4 2.8 2.6

TOTALS 100.0 100.0 100.0 100.0

i.6

: ' -' '' "'V x '' ' "" ''v''< : ; ; ; 576"'



The next summary table presents the same type of data,

except percentage of additional time for each change root cause

is listed by building type. Also included in this summary is the

root cause TIME for time only changes.

% ADD'L TIME FOR EACH CHANGE ROOT CAUSE BY BLDG TYPE 7
(ALL CONTRACT CHANGES)

BLG YP DGN CRO RIT UIIEQ

HNGR 11.2 1.6 7.9 11.6 2.9

HSG 10.4 11.8 0.0 1.0 38.0

INST 16.5 11.3 2.6 7.2 22.9

INST (#46) 0.0 0.0 6.9 5.8 0.0

LAB 34.3 3.4 0.0 0.3 0.6

MODS 13.3 48.1 76.3 33.2 29.1
OFFC 5.1 20.9 0.0 34.4 6.5 [

WHSE 9.2 2.9 6.3 6.5 0.0

TOTALS 100.0 100.0 100.0 100.0 100.0

These two tables mirror the earlier summaries in that the

modification projects take the greatest share of additional time

and money over the other building types. It is evident that

design improvements and greater owner restraint, in the

modifications construction area alone, would save a significant

amount of time and money on future construction projects of this

type.
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In summary, all of the above data base manipulations have

revealed some interesting points concerning typical construction

delays encountered and their corresponding costs. This section

has clearly quantified the impacts of delay on real constru'it..!

projects.
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This paper 's flrst sect ir 1:5 isqe* i, - aea nos

construction deoay. The seccn so Is (r is . r s

delay, anJ the third section discussed both _:a.sose anA -outs as

related to recently completed constructior contractu

When part _,ular management problems have toeer iec.ro: ei.

and their impacts quantified, solut irns an air:eeI :. ae as:er

and more 6orkakle fashion. By knowing where the m-% ':ci j

problem areas are, management so-it ions can be lirected in

priority fashion, resolving the greater magnitude problems first.

Thi% section discusses some possible solutions to '..
construction delay, drawing on the earlier sections of this paper

and some new material from available literature and field

interviews.

The first conclusion that is easily drawn from review of a.

this subject is that none of the related parties benefit from

delay. This is a "common thread" among the related parties and

their widely different goals. This common thread should be

exploited to the maximum possibility, and should provide the

parties with some incentive to protect one another's interests,

to coordinate, and to cooperate while accomplishing the

construction project objectives.
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The traditional adversary relationship between owners and

contractors is counter-productive to the most effective

accomplishment of construction. Owners must take the leadership

role in changing this perceived relationship. It is an

established fact that the owner who exhibits the laissez-faire

management style during the construction life cycle, can

certainly expect to assume control of the constructed facility at

a later date than expected, and at a final cost over budget.

Furthermore, this management style significantly contributes to

projects plagued with formal claims.
I

The knowledgeable owner "recognizes that he must be involved

in his project, either through his own staff or by retaining a

construction manager if he does not have the staff available"

(O'Brien, 1976).

As noted in both prior studies and the section III primary

field study, 65 to 75 percent of all changes in cost and time are

directly attributable to the owner or owner's agent. The roots

of these changes are design errors, discretionary changes, and to

some extent, unforeseen conditions and mandatory changes. '

Therefore a great deal of effort is needed, particularly

during the project life cycle design and planning stages, when

the owner's control of the outcome is at its peak. The planning ,

stages are also the most opportune times to achieve project cost

savings. The rate of project cost savings opportunities steeply

declines as the project cycle progresses to construction (Shah

and Lammie, 1984).

so
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RWECT P JNNING AND DESIGN

The project planning and design phases, like any first

activities in a chain of events, significantly direct the

construction life cycle path. Owners should focus heavily on

this part of a project since most delays and additional costs can

be traced to errors, omissions, or ambiguity in plans and

specifications. The fol:iwing paragraphs provide thoughts on

improvement of this crucial part of the project life cycle.

SITE ACCESS

Site access delays are one of the owner-caused delays that
.. !\

lead to claims and costly changes. The owner's planning team

should have this problem resolved before releasing the design and

contract for bidding. This is sometimes not the case, and in

very large volume projects with different prime contractors this .

is difficult to avoid.

One effective method used by MARTA on its large projects, to

minimize contractor site access delay claims, was establishing P

time duration "windows" for site availability. Work areas were

promised to contractors on a "not earlier than - not later than"

basis, which was generally a 90 to 120 day period (Shah and

Lammie, 1984). This greatly reduced the impact of right-of-way

acquisition delays and other contractor delays, affecting follow-

on contractors in the same work area. This was an innovative and

effective management solution to an age-old construction problem.
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CONSTRUCTABILITY AND DESIGN QUALITY CONTROL

Designs typically suffer from many problems including

ambiguity, contradictions, poor constructability forethought, and

incompleteness. This is often a function of hurried design'*b

schedules which result in disjointed and uncoordinated designs.

Where possible, particularly in the private sector, designs

can be enhanced tremendously by bringing in the contractor as

part of the construction team during the design phase.

The IBM Tower at Atlantic Center in Atlanta, Georgia is a

perfect example of this practice and illustrates the positive

effect that early project and construction team establishment and W

coordination can have on project performance.

Henry C. Beck (HCB), the prime contractor on the IBM job,

was brought into the planning phases of the project almost as the

design began (Webb, 1987). This allowed construction methods to

be worked out early during the planning phases which contributed

to the project's visible success during a fast paced construction

schedule on a very tight work site.

In the public sector, constructability reviews by the

contractor are usually not possible. Alternative solutions are

pre-bid conferences before construction begins and sound quality

control during design.

The owner's commitment to quality control requires "careful

monitoring and internal discipline" which will not happen without

intense effort (Lakamp, 1987). The cost of the added effort

during the design phase is likely to be far less than the
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"ultimate cost of completing the design in the field" (Ibid). 40

One recent Construction Industry Institute study on

improvements in design constructability presented the following

conclusions on how designs can be improved resulting in less

delay and additional costs (O'Connor et al, 1987):

Desians should be construction driven, This means the

design is enhanced and more effective when it considers the

construction schedule and materials procurement sequence.

Designs should be simplified to the maximum extent possible.

This includes specifying locally available materials in

readily available sizes and configurations and minimization

of construction task inter-dependencies.

Desians should be standardized, This results in continuance

of designs which are effective in the field and has the %

effect of not "re-inventing the wheel" on every new design.

Designs should encourage maximum use of pre-assemblv. Off- r4%

site work lessens the crowding effect on work sites and

speeds on-site construction activity. This enables

contractors to take maximum advantage of productive time

available on the work site.

Pesigns should be site specific. This means the

accessibility, geography, and size of the site should be

considered during design decisions. Also the type of

facility being constructed and its interface with the work

site factors should also be considered.
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Designs should consider adverse weather, The owner and

owner's agents should consider the climate of the local area

when establishing durations and types of work to be

accomplished to achieve project milestones.

SDecifications should be tailored to each res&ectLyI

Droj~ct. The use of "boiler plate" specifications

contributes significantly to contradictions in plans anJ

general paragraphs of contracts. An added effort in.

specifications writing is money saved in negotiated

settlements and claims.

Two principles that are noted in this study which

specifically address some of the problems discussed in earlier

sections include the following thoughts. Decision making policy

in construction should utilize a "bottom-up approach" and should

always involve the "doers". Furthermore, managers should

recognize that engineering problems "are often addressed in

parts". Management must take the extra step of integrating those -
parts into a holistic solution (O'Connor et al, 1987).

Another concept in improving design is to ensure that the

only exculpatory clauses used in the contract are specifically

written to the actual project conditions. "Blanket" exculpatory

disclaimers do not generally protect the owner from liability

during litigation and are counterproductive since they increase

tensions at the working level between the related parties

(Lakamp, 1987).
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Specifications should be clear on change order procedures, *"%

and should provide criteria for approval and rejection of "or V

equal" submittals. Furthermore, a realistic submittals and shop

drawings sequence and procedure should be established in the

Sspecifications so that critical procurement items are not delayed

due to misnderstandlngs of the working parties (Kagan, 1985).

In s.mmary, prc-ect designs are the source of most

%construction delay and proJect cost over-runs. A concerted

effort is necessary by owners to improve this phase of the

construction life cycle. These efforts certainly will save both

time and money and will result in an improved "team" approach

between the related parties, resulting in avoidance of costly

construction claims.

b MANAGEMENT DURING THE CONSTRUCTION PHASE

For management to be effective in the field, during the

ZN construction phase, it must be active. The following paragraphs

focus on management practice during the construction phase.

COMMUNICATION AND LEADERSHIP

Clearly the most important factors contributing to effective

management of construction projects are the communication and

leadership skills of the related parties. The owner must clearly ..

communicate his/her intentions, and the contractor must quickly

communicate any problems encountered to the owner so that these

problems can be resolved.
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A great deal can be written on this subject, but in essence,

if any of the related parties employ management personnel who are

poor communicators with others, they generally increase their

risk of claims, management delays, and litigation.

The ability of those involved in construction management to

"communicate, coordinate, and integrate" is paramount to the

successful outcome of a project (Shah, 1987). Communication has

been discussed. Coordination is the ability to work with various

parties simultaneously and to direct the successful outcome of an

activity. Integration is the ability to plan ahead and know what

activities follow the current activity so that follow-on

activities commence without delay. This essentially is the

foundation of construction planning.

In addition to the abilities to communicate orally and to

direct work, the related parties must document their actions.

Written communication skills are also essential qualities of
%". %

construction management personnel.

Both parties should document the job as it progresses, so ..

that if disputes arise, they can be settled with the evidence In

hand, and so that facts are not forgotten or misconstrued. The

contractor should quickly communicate with the owner ccncer-.,--

delays encountered, so that problems can be resolved in t:7.

fashion. The owner also must respond in an expedit:o --

All of the communication and leadership sk~ils I.-

above contribute immensely to the success or fa>. "•

All related parties should staff their -s:
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teams with quality people that have the ability to work with

others.

CONSTRUCTION PLANNING

Cost estimating and effective planning are aiso foremost of

the factors which "make or break" the success of construction in

the field. Contractors should have planners and estimators on

their staffs, with field experience. Just as designs must be

constructable, so should construction work plans. The most

successful contractors have a very high quality personnel in the

positions of planning and estimating.

In addition, sound monitoring of projects from the office

and in the field is most important. Contractors and owners alike

should have in place some monitoring system which tracks project

milestones and provides management with the data required to

assess progress and make decisions. The most successful project

teams have effective decision support systems and cost accounting

systems in place, which can quickly point out the strengths and

weaknesses of project development. 'Management by exception' is

enhanced by such systems.

One such information gathering system which is easy and

inexpensive to implement is the Foreman-Delay Survey (Tucker et

al, 1982). This monitoring system has been used successfully by

some contractors to determine the amount of time their work

forces are delayed on site, and for what reasons. Results are

tabulated and provide management with quantitative data as to the

impact of these delays (in terms of lost man-hours). Management
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can then seek out the problem source to eliminate the waste of

labor. One test of the FDS system on a group of construction

sites concluded that productivity performance factors were

improved and the cost of implementing the FDS was minimal, thus

the program saved the contractor a great deal of time and money.

The use of some form of scheduling which shows inter-

Udependencies of work tasks is essential to sound project
management. This is particularly true in the case of complex

projects or heavy construction.

CPM has proven to be an effective construction management

tool. Often, it is used more as a legal document in claims

proceedings, than as an on-site management tool. On projects

which involve multiple contractors on the same site, the owner

should maintain an "overall project" CPM to account for delay

impacts of each of the respective contracts on the others.

The contractor and owner should both use the CPM as a tool

to discuss the project as it progresses. Both parties should use

the "as-planned" CPM to plan and schedule work, and as changes

come about the schedule should be updated and upon work

completion the schedule will have transformed into the "as-built"

CPM (O'Brien, 1984).

These two schedules can be used effectively to settle

negotiations and changes. The CPM schedule and other schedules

like it, are management tools which the industry should exploit.
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PROBLEM SOLVING

Immediate resolution of problems or the "settle as you go"

approach will go a long way towards claims avoidance and less

costly projects (Shah, 1987). Other studies cited earlier in the

Spaper have also substantiated the cost effectiveness of this

management policy.

The owner's on-site representative must be given ample

authority to act and make decisions on-site. Often claims are a

function of the owner's on-site staff either not being staffed to

handle submittals approvals, or not having authority to make

field decisions. Such deficiencies lead to delay and claims.

The owner's on-site representative must deal even handedly

with the contractor. It should be emphasized to field stalf that

their job is to "facilitate completion of the project in general

conformance with the intent of design" and not to enforce the

construction project (Lakamp, 1987). This attitude enhances the

team approach and helps the related parties focus on commonality

of purpose.

All of.the above thoughts on improved management techniques

are, in essence, techniques to avoid formal claims proceedings

which are costly and lengthy. Claims mitigation is another

subject altogether and is not within the scope of this paper.

When managing disputes and unforeseen conditions,

management's goal should be to equitably allocate risks and

minimize the cost and schedule impacts on the overall project

(Thomas et al, 1987).
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Besides better site condition descriptions as a management

action to avoid disputes, a proven policy in minimizing disputes

3 costs, particularly in the case of unforeseen conditions, is

prompt resolution of such problems (Ibid).

The management practice at the field level is the most

critical determinant of change and dispute costs. It is

noteworthy that in cases which have been litigated, courts

generally have looked at how unforeseen conditions have been

managed by the related parties, rather than at the disclaimers of

liability in the contract.

In summary, the management practice on-site, carries much

more weight in formal proceedings, than does contract language.

Construction managers who remember this will be more successful

- in avoiding construction delay and budget over-runs, and in

achieving their goals and objectives.
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SECO A

CONCLUSIONS AND THOUGHTS FOR FUTURE RESEARCH

DISCUSSION AND CONCLUSIONS

3 This study has discussed the many causes of construction

delay. It has also quantified the time and financial costs of

delay, based on prior studies, and within the limits of the data

base presented in Section III. The specific results of the study

cannot be generalized to the entire construction industry.

However, the principles discussed can definitely be applied to

improve overall management of delay.

THE DATA BASE STUDY - SECTION III

The contract time and final duration delay factors discussed

are most revealing. The results indicate that an originally

scheduled year-long project, after change orders and delays,

takes an additional 4.5 months to complete.

Also, owners who try to solve delay problems with high

liquidated damages are generally delayed even longer. Results

indicate that higher valued contracts (over $3 million), with

higher liquidated damage rates, are delayed an average of 5.5

months on a year-long project.

Furthermore, there is a large gap between the cost

escalation factors of those projects that have liquidated damages

assessed, and those that do not. The explanations for this

finding is a place for future research.
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*
he changes data base is helpful in determining the building

tyks which are most prone to cost increase and delay.

3 Modifications projects are the most costly and delay-prone

building type. This is actually no surprise.

3 The reason code analysis provides a great deal of

information on the change order causes and their corresponding

I costs and delays.

The data base study shows the ease with which management can

quantify the causes and costs of delay. In summary, this

exercise has illustrated the use of a decision support system

(DSS). It has sorted data into the required forms to answer

specific questions with quantitative data. A DSS such as this

adds a dimension to problem solving and can be used by management

to better direct efforts toward improving its activities'

effectiveness.

OTHER SECTIONS

IThe literary sections of the paper and the data base study

I in Section III are complimentary. Both point to the fact that

the majority of construction delay problems are owner caused.

The owner is responsible for approximately 70% of additional

contract costs and delays. Differing site and unforeseen

Iconditions account for most of the remainder of these factors.
One can argue that many differing site conditions problems are

also an owner responsibility. This would result in closer to 85%

of delay responsibility resting with the owner. 4

I
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Owners must seize the initiative to correct these

significant and costly problems. The many costs of delay are

ample incentive. As owners take the first step, so will

contractors also take steps to improve their construction

management practice.

In summary, construction delay, to some degree, is

inevitable. The management approach which seeks to eradicate all

delay will fail, and will not be cost effective. Every day

wasted in over-planning contributes the same amount to cost

escalation and schedule delay as difficulties encountered during

construction.

A prudent, balanced management approach which seeks improved

design constructability and improved coordination and integration

of construction activities, will go far in improving the current

state of the industry.

Most construction delays result from flaws in the pre-

construction planning process. Elimination of just half of these

3 flaws will have enormous impact, significantly reducing cost and

time over-runs. The planning phase of the construction life

* cycle is the area where most delays can be eliminated and where

the greatest amount of construction delay costs can be avoided.
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FUTURE RESEARCH

Most of the construction delay studies to date come from the

many sections of the industry which are publicly funded. The

most fruitful possibilities for future research, would be studies

3 that explore the private sector's performance in constructiono delay management.

I
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TABLE 5
AIRCRAFT HAMSAN CUNSTRUCTION - TINE ANALYSIS

T I ORICT AICT FUCT LIII FOUR Iii TOT SL3 CTDF FUFIS) FIF(F) ATIF 11S

i t I0 I7 39 97 51 .! 1. im LIM .1IL
U 363 281 611 1 61 M1 ,71 111 , lU L

Average: 452 234 656 1 624 412 1ITotal: I
Count: 3

I

5 AIRCRAFT IWA9AR CONSTRUCTION - COST ANALYSIS

TYPE 1 URI6 COST ADOCOST FN. COST CSTF $13

HISR 16 4,81m 194,662 5,382,662 1.141 625
44 3,665,466 284699 3,351,165 1.393 365348 2,457,116 473,457 2,931,457 1.193 3Kl

Average: 3,471,155 317,636 3,737,761 412
Total: 11,411,466 952,618 11,363,284
Count: 3 -------U --



TABLE 65NfuSIE CONSTUTIOU - TINE ANALYSIS

TII I U ACT F1CT LUl FiUR s1l TOT SUl CTF FVF(O) FIFF ATI LIM

12 41 219 59 59 315 37,3K 1.521 I.M7 1.1i 1.14 1.14
67 70 7 767 3 717 19296 3 1.I1 1.111 IS I." 6.UIn 456 112 542 6 562 1,382 1 1.249 1.249 .K I.E I.N
19 54 129 4? 41 711 3,436 147,66 1.239 1.315 1.161 1.4 I.6"

23 446 45 485 1 485 165 1 1.132 1.162 1.3K I.E U.K
27 421 234 654 454 1,623 I 1.557 1.557 1.3 I." 1.m

Averages 495 124 619 27 646 1,286 3i6,91
1a: 15,4

I

I NOUSINS CONSTIO - COST ANALYSIS

TYPE # GRIS COST ICOST FI. COST CSTF i

HS6 16 2,820,lM 31,737 2,858,737 1.311 3t
7 4623,154 18223 4,441,377 I.364 1,29

69 4,731,M 42,M1 4,17731g I.U69 1,382
19 59247,3 25,913 5,272933 1.665 3,4H
23 794,K 4,121 34,621 1i33 115

27 312t763 15,34 3,629,41 1.665 1,62m

Average: 3,539,369 33,194 3,572,493 12U
Total: 21,235,854 199 , 115 21,434,959
Count: 6

---- - --- - - ------ - --
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INBIRICTIOA NILDIN CONSTRUCTION - TINE ANALYSIS

O mCT 0OCT FNCT LI08 FOUR sL TOT SU CTDF Fl (0) FDF (F) ATOF LDFl

7 8 426 317 737 16 747 465 4,656 1.755 1.779 1.114 1.9 3.61
3 365 135 511 O 536 265 O 1.371 1.371 1.080 1.08 I."

11 423 132 522 9 531 175 1,575 1.243 1.264 1.117 1.9 1.12
14 40 44 524 3 524 165 U 1.392 1.692 1.066 1.36 6.06
26 212 15 227 S 221 1,6 1 1.671 1.142 1.974 1. 6 I.08
31 246 O 246 41 28M 55 2,263 1.0H 1.167 1.167 1.86 3.14
39 276 57 327 1 327 156 1 1.211 1.211 1. m6 1.08 1.
45 523 13 713 3 641 415 1 1.365 1.231 3.911 1.66 1.08
46 546 257 797 | 797 565 1 1.476 1.476 1.080 1. 3 .30

Wae: 315 124 59 7 517 424 869
AI): 7,825
gts 9

INSTRUCTIONAL DUILDING CONSTRUCTION - COST ANALYSIS

TYPE I DR16 COST AOCOST FNil COST CSTF $LD

INST 61 3,676,086 257,923 3,933,923 1.171 45
63 2,189,0M 86,618 2,275,318 1.639 265
a 1,467,465 11,934 1,479,339 1.338 175
14 1,776,636 49,916 1,825,96 1.128 185
28 827,777 18,008 845,777 1.122 1,633
31 39 ,261 3 391,261 1.316 55
39 733,92 36,784 741,734 1.152 151
45 4,894,1M 341,684 5,235,684 1.171 415
46 5,219,622 1,896,595 7,115,617 1.363 565

Average: 2,349,265 299,872 2,649,137 424
Total: 21,143,385 2,699,944 23,842,229
Count: 9

--- ---- ------ -- --- ---



INSTRUCTIONAL BUILDING CONSTRUCTION 10R. #46) TINE ANALYSIS

I OCT AICT FNCT LIDY FOUR su. TOT SIl CTDF FIF (0) FUFIFM ATDF LDIF

It 423 317 737 to 747 435 4,353 1.755 1.779 1.114 1." 3.311
63 3U5 135 SO3 6 511 265 1 1.371 1.371 1.66 1.33 8.11
* 423 112 522 9 331 175 1,575 1.243 1.264 1.317 1.98 1.12
14 411 44 524 U 524 165 1 1. 192 1.192 1.66 1.36 3.11
26 212 13 227 3 221 1,633 1 1.171 1.142 1.974 1.11 @.1go
31 246 I 241 41 281 55 2,283 1.181 1.167 1.167 6.96 3.14
39 273 57 327 3 327 153 1 1.211 1.211 1.333 1.11 3.33
45 523 193 711 3 641 415 1 1.365 1.231 3.931 1.33 p.10

Uiae: 36 lie 473 7 471 416 979
al: 7,925

Cunt: 3

INSTRUCTIONAL BUILDING CONSTRUCTION (EX. #46) - COST ANALYSIS

TYPE I CRIS COST AODCOST FIL COSr CSTF Isl

INST I1 3,676,1111 257,923 3,933,923 1.3171 435
33 2,139,36 96,19 2,275,198 1.139 265
18 1,467j435 11,934 1,479,339 1.338 175
14 1,776,366 499916 19259386 1.328 195
28 927,777 19s333 9451M 1.322 1,6m
31 391,261 1 391,261 1.333 55
39 73,921 36,794 743,734 1.152 153
45 4,894,3NO 341,684 5,235,694 1.171 415

Average: 1,913,545 1111291 2,396,927 416
Total: 15,924,363 812,249 16,726,612
Coant: I

11, 111 1, 1, 11 1 11 1 ,11 11 11 111 , ill 11 11 11 11 11 11 11



TABLE V

LABORATORY CtINSTRUTION - TINE AALYIS

# , AIC T LU C T MY F ,SUMI-  T T OI CTUF FF(@) FF(F) LTlE UKlE

62 631 7M 1,422 3 1,422 515 1 2.257 2.257 1.881 1.11 @.11
15 273 12 232 I 232 65 1 1.144 1.844 .NS 1.01 .18

459 432 852 6 852 293 I
Tetal:

LIUILTORY COISTl TIOE - COST NALYSIS

TYPE # ORIB COST UCOST FIL COST CSTF SID

LAD 1, ,6279 5t432,923 1.7 ...15 433 2s9111 43693M 1.17 65

Averge: 2,749,122 511631 2,934652 291
Total: 5,498,143 371,261 5,18699313
Count: 2
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O3IFICATIONS COUSIRCTIO PROJECTS - TINE ANALYSIS

S WIET AICT FNCT LI3Y FOUR $J TOT fl. CTF FIF(O| FIF(F) ATUF La"

3o3 14 40 13 535 6535 1 I .m38 1.338 1.1O I ,.K
W 5 336 23 532 6 532 2U5 6 1.612 1.612 1.6K 1.66 6K

11 121 147 267 U 267 35 1 2.225 2.225 IKM I . 1. N .
12 395 272 M67 6 66 155 1 1.669 2.66m 1.11 lM U.K
21 546 N 626 l 626 792 I 1.146 1.14 1.I 1." I.K
21 345 121 485 26 513 235 5,741 1.329 1.465 1.056 1.95 6.i5
26 273 167 377 3 377 215 6 1.39 1.396 1.3 1." ,.K
29 365 96 463 U 449 235 1 1.268 1.236 1.97 1KM I.K
35 24 78 318 U 362 115 1 1.325 1.256 1.956 I. I.K
37 273 33 363 363 75 1 1.122 1.122 I.IM I.N U.w
36 3K 42 342 I 342 931 1.141 1.146 1.K 1.36 U.K
42 365 465 773 6 773 135 1 2.118 2.111 1.6K 1KM I.K"

Total: 473 2 473 29 478
Total: 51740

iNODIFICATIONS CONSTRUCTION PROJECTS - COST ANALYSIS

TYPE I 0R6 COST ADCOST FIL. COST CSTF L,

nHOPS 14 1,86,9 814,575 4,669,575 1.2H6 195
15 2,766,938 46,441 2,817,341 1.117 265
11 19,447 14,363 213,756 1.172 35
12 1,139,139 72,447 1,111,586 1.371 155
26 1,864,363 185,117 2,149,117 1.199 792
21 1,7", K 113,264 1,911,234 1.6 215
26 1,135,679 -11,211 1,524,469 1.969 215
29 2,117,256 39,329 2,146,579 1.819 235
35 949,68 131,195 1,3me,155 1.137 115
37 743,N0 6,981 746,9"1 1.369 75
38 574,1N 6,16 581,861 1.112 93
42 1,392,5H 569,429 1,961,929 1.419 135

------------- -- ---- ---------- ---- --- --

Average: 1,527,148 164,84 1,691,952 29
Total: 11,325,775 1,977,651 23,333,426
Count: 12

- -- -- -

,C,,



OlFICE NILUIN CNSYTIONCI - TIE ANALYSIS

L # OT AKiT FNCT L1Y F1UR Ii TOT ILl CTIF FDF(Ol F3F(F) lTIl LW

Uz% 31 1 3 8 1.211 1.211 1.66 1."6 1.w
13 U5 i: 554 1 38 5 1 165 1 1.152 1.152 1.66 1.66 3.m
17 36 9 369 6 369 05 1 1.6Lm 1.633 1.66 1.63 3.6
i I 21 le 23 123 4 63 65 7,995 1.637 1.493 1.439 1.69 1.31
22 21 36 36 197 565 225 44,325 1.141 1.171 1.641 1.61 0.39
24 6 2 3 8 8 3w 85 1 1.078 1.65 1.9719 I.6 1.66
25 4 143 59 591 315 l 1.314 1.314 1.3 1.33 3.w
34 36 28 328 I 328 95 0 1.393 1.193 I.M 1."6 .4
36 3H0 62 362 14 376 65 911 1.237 1.253 1.39 0.96 6.64
43 523 371 891 1 81 535 1 1.713 1.713 1.6 1.6 I.6
47 210 275 55 0 315 65 3 1.92 1.125 6.568 1.U 6.66

fivmale: 352 9 451 36 456 165 4,339
ietal: 53,236
Coast: 11

OFICE 3ILOINU CUISTUOTIN - COST ANALYSIS

TYPE I 0116 COST A33CO5T FiL COST CSTF SIO

WFC 10 1,49,66 47,241 1,537,241 1.632 135
13 19115,6 11,6 1,126,M5 1.111 115
17 393,3 30,67 46,667 1.121 65
is 462,569 7,517 49,V6 1.116 65
22 912,163 -13,149 932,114 1.9"9 225
24 635,66 16,264 651,234 1.626 35
25 2,935,227 5,51 2,991,376 1.119 315
34 727,M3 10,559 731,559 1.015 95
36 39,366 2,372 416,172 1.151 65
43 4,453,6 325,153 4,778,153 1.l73 535
47 413,960 -5,646 465,652 3.96 65

Avrage: 1,259,673 44,217 1,313,26 165
Total: 13,149,159 466,262 14,336,141
Cont: II
- - - - - --------



TABLE 123 SEl~NWE L CINIuTIu U - TIE ANLYSIS

TII I OCST AOCT wE LIS mlU u TIT NJ CT3F PPS FIF(I) F) ATUF LNF

33 IN 22 262 193 395 75 14,475 1.122 2.194 1.5 3.51 6.49

4 49 182 552 14 5 419 53866 1.227 1.258 1.2 6.9 6.62
41 SO 145 445 6.445 95 , 1.483 1.483 1.01 1." 6.,

- -~;i -

76 431 41 473 229 4,666
Total: 21,341

5 I~ENSE IMIS CESTRUCIE - COST ANALYSIS

TYPE N is13 COST MNCOST FIL COST CST Su

WK 36 41416 7,169 621,231 1.012 75
32 1,487,66 16,519 1,417,5391 .66 1O35
33 3,213,95 26,1 3,234,34 1.36 42
43 3,971,6 127,447 3,913,447 1.134 419
41 7,6 12,768 679,971 1.619 95

Averae 1,931,61 35,776 1,974,426 229
Total! 9,693,253 178,379 9,62,132ICots 5

I



NANSA CONSNTRIOl ChAISE ORDERS 1Y EASEN CODEaNAJ REA COST TINE CHUS

I WE

Total:s 452,524 693Count:I
CREO

3Total: 249981 3S
Count: 4

3 GRIT

Total:1 63,655 383Count: 4

355

Total: 345,161 246

Cout: 13

3 TINE

Total: 1 273Count: 2

3Total: 66,597 223

Comet: a

Total: 952,919 6123 Covet: 32



IIGSIN11 CNAN9E ODERS BY REASON CODE

NAJ REMS COST TINE CHU

CEGi

Total: 51,613 145
Count: 4

CRIT

Total: -11,815 U
Count: 2

DU

Total: 123,147 228
Count: 14

TINE

Total: 696 5
count: U

Totals 46g 754 18
Count: 15

VALE

Total 1 -11,317 1

Count: 1

Total: I tt 15 746
Couat: 44



TABLE 25

INTWtICOUA BUILDINS CHANG ORDERS BY REASON CODE CEI. 146)

NUJ REA COST TINE CHUI

CREI

Total: 156,792 138
Count: 6

CHIT

Total: 3,597 to
Count: 3

Total:s 463,"82 361
Count: 27

TINE

Total: 8 214

Count: 6

IFO

Total:1 177,973 137
Couht 12

Total: 932,249 966
Count: 54



TABLE 26

CONTRACT 046 CHANGE ORDERS BY REASON COE (IUSTRUCTIWW. PJ6)

NAJ REAS COST TINE COBG #

U WER

Total: 438,635 1
Counts 2

CRID

UTotal: 36,515 1
Counts 2

3 CRIT

Total: 971,727 263Count: 12

VAN

ITotal: -54,249 1
Count: 19

* SCIP!

Totali 139,468 121ICount:I
NoD

ITotal: 365,459 111
Count: 6

Total: 1,896,595 257
Count: 42

*t lt1 1 1 IA I I



TABLE 27

5 LABORATORY CIONSTRUCTION CHANGE ORDERS BY REASON CODE

1M REAS COST TIME CH6-

CREG

Total: 185,354 41
Count: 3

ism

Total: 142,316 751
Count: 14

TINE

Total: 1 6
Count: I

UFO

Total: 43,6 6
Count: 4

Total: 371,268 814
Cout: 22

op.

-4

.1a'-



TABLE 28

HUDIFICATION PROJECTS CHANGE ORDERS BY REASON CODE

RAJ REAS COST TIRE CH61

----* - - -

Total: 454,396 589
Count: 12

CRIT

UTotal: 221,218 29
Count: 6

3 DSGN

Total: 654,443 292
Count: 54

TINE

Total: 1 272

Count: 7

UWO.

Total: 647,614 627

Count: 53

Total: 1,977,651 2,169
Count: 132

p- - - ---- - - - -- - -



TABLE 29

OFFICE CONSTRUCTION CHANGE ORDERS BY REASON CODE

NAJ REAS COST TIME CH6I

CREG

Total: 193,153 256
Count: 19 _

CRIT

Total: -1,823 3
Count: 3

DSSN

Total: 74,379 112
Count: 22

TI E

Total: 2,484 61
Count: 3

UNFO

Total: 224,131 651

Count: 23

VALE

Total: -2,941 -

Count: 2

Total: 486,282 1,179
Count: 72

-N

h &



TABLE 30

3e__. MAREHI E CONSTRUCTION ClNE 0RDES 1Y REASON CODE

NAI REA COST TINE CHB

* CRED

Total: 75,230 35
Count: 2

CRIT

Total: 36,139 24
Count: 3

3 Ds6N
Total: 27,212 211

Count: 13

WIGO

o Total: 41,644 122
Count: 15

3 VALE

Total: -1,316 1
Count: I

Total: 178,879 382
Count: 34

II

'



TABLE 33
FOA CLAINS CHANSE ORDERS

SUi REA COST ZADCOST TINE 1ADTIHE CONTR # CHN I -

ACCELERATION 452,524 1.956 69 1.246 48 17

Total: 452,524 69
Count: 1

DEL/INP (16,19,21) 387,111 1.214 3.118 46 49

Total: 387,111 1
Count:

STRUCT ELEC 51,695 1.127 0 1.111 46 46

Total: 51,685 1
Count: 1

Total: 891,239 69
Count: 3

'

N

pN



TABLE 34

DISCRETIONARY I GUER REQUESTED CHANGE ORDERS

SUB REA$ COST TINE CHNG #

3 CARPET

Total: 14,173 17
Count: 2

CEILING

3Total: -652 3
Count: I

ELEC

Total: 45,212 1193Count: 7

EDUIP

Total: 27,251 Ise

Count: 1

3 FENCING

Total: 3,259 33
Count: I

FINISH EXT

Total: -?,183 1
Count: I

FINISH INT

Total: 23,311 59
Count: 3

FLOORING

Total: -4,339 3
Count: I

FP SYS

RATotal: 6,239 1
Count: I

HYAC

UTotal: 6,111 I
Count:I

INI ARCH

Total: 737,419 553
Count: 16



-- A LEM cant)
DISCRETIONARY / DINER EGUESTED CHAISE ORDERS

SUB REA COST TINE CHUS

LANDSCAPE

Total: 11,141 1
Count: 2

LIGHTING

Total: 4,714 0

Count: 1

LIGHTINB EXT

Total: 64,543 21
Count: I

PAVING

Total: 73,231 13
Count: 25 ROOFING

Total: 19,994 7
Count: 1

SCHEDULE REV

Total: 177,333 115
Count: 2

UTIL SEN

Total: 5,319 4-

Count: 5

WINDOWS

Total: 23,121 6
Count: 3

Total: 1,174,921 1,224
Count: 52

-~~~~~~ -- - - - -- -- - -



TABLE 35

!A--TORY CHA ORDERS

SUB REAS COST TINE CNG I

----- -- - - - - -

Tota: -11,560 ,
Count: I

DOORS

Total: 4,281 13
Count: 2

EMTHMORK

Total; 292,691 14
Count: 4

ELEC

Total: 27,121 22

Count: 8

Total: 
564,319 

_

Count: I

FENCING

F I Total: 2,373 -
Count: 1

FINISH INT

Total: 235 1
Count:

FIRE ALARN

Total: -1,556 "
Count: 1

FP SYS

Total: 7,111 l
Count: 1

HY ELEC

Total: -318 1
Count:

HYAC

Total: 191,111 19
Count:

-----------------------



TABLE 35 (cont)

NAIDATORY CHANGE IODERS

9111 EAS COST TINE CHG I

INT ARCH

Total: 129,536 56
Count: 4

LI691TI6

Total: 15,199 94
Count:

LIGHTIN6 EIT

Total: 27,111 1
Count: 1

STORM SEVER

Total: 17,566 I
Count: 1

3 STRUCT

Total: 3,592 1
Count:

UTIL 6£N

U Total: 1,322 

Total: 3,969 1
Count: I

Totahl 1,231,668 379
Count: 33

Xve



TABLE 36

DESIGN ERRORS CWH ORDERS

SA REAS COST TIME CHNI6

ASIESTOS

Total: 11,291 1

5Count: I
CARP

Total: 54,534 44

Count: 11

CEILING

Total: 1,223 1
Cout: I

CONCRETE

Total: 5,115 1
Count: 5

3 DOORS

Total: 35,934 18
Count: 14

EARTHNORK

Total: 57,885 51
Count: 4

ELEC

Total: 51,966 41
Count: 21

EQUIP

Count: 4

FINISH EIT

Total: 4,958 9
Count: 2

FINISH lIfT

Total: 52,851 46
Count: a

FLOORING

Total: 19,NI I
Count: I



TABL -36-cant
DESIGN ERRORS CHANGE ORDERS

0SU REAS COST TIME CHNN #

FOUNDATION

Total: 55,992 47
Count: 3

FP SYS

3 Total: 136,977 46
Count: to

HANGAR DOORS

Total: 11,211 I
Count: 1

HU ROUTE

Total: 17,315 g
Count: 1

N ELEC

Total: 25,275 48
Count: 4

HVAC

Total: 73,126 75
Count: I5

INT ARCH

Total: 592,471 619
Count: 24

LANDSCAPE V

Total: 6,788 I

Count: 3

LIGHTIN6

Total: 3,914 12
Count: 2

PAVING

Total: 11,583 86
Count: 1

ROOFING

Total: 121,951 617
Count: 5



TABLE 36 (cont)5 DESIE ERRORS CHANGE ORDERS

913 REAS COST TINE CHNG #

SITE ACCESS

Total: 5,176 7

Count: I

STORN SEVER

Total: 9,241 259
Count: 3

j STRUCT

Total: 79,776 87

Count: 9

TELEPHONE

Total: 2,784 a
Count: I

UTIL GAS

Total: -2,252 1
Count: 1

UTIL GEN

Count: 14

UTIL HI

Total: 14,057 1
Count: 2

UTIL UG

Total: 9,399 5 h
Count: 3

WINDONS '

Total: 7,179 1 I
Count: 2

---------------
Total: 1,776,431 2,191
Count: 176p -- ------ ---- ---



TABLE 373 EXTRA MORK CHANGE ORDERS

8S11 REAS COST MODCST TIME ZADTINE CONTR # CHNS #

ADD ARCH SCOPE 139,469 1.174 121 1.471 46 1s

Total: 139,469 1213Count: I

Total: 139,469 121
Count: I-- ----- - --



_ion

TABLE 38
TINE ONLY CHANCE ORDERS

SUB REAS COST %ADCOST TIME MUMTA CONTR # CHNG #

3ELEC SYS DELAY 1 1.1111 78 1.386 35 34

Total: 3 783Count:I
6DE. SITE 2,484 -1.245 to 1.263 22 VI

696 3.116 7 1.863 39 11
1 8.111 21 1.187 26 34

Total: 3,183 67

GNCount: 36 ~ 3 4 3 4

GDEL SUN1 18149 3.219 27 37
13.inI 3.336 48 32

1 .1119 1.161 19 36
1 .in37 1.252 It 34

1I .1 23 1.523 14 36
1 .1 33 3.233 19 35

Total: 3 167
Count: 6

NATL DEL 1 1.13 34 3.318 26 3
1 3.111 133 3.556 27 13
3 3.333 33 1.579 39 35
1 3.310 7 1.163 19 13

1 3. no 35 1.313 39 13

Total: I 7T9
Count: 5

MATL STRIKE 1 3.3no 53 3.495 26 1

Total: 3 53
Count:I

AtMEATHER I 3.333 21 3.751 24 3
1 3.3He 33 1.133 37 3

IS3 3.333 17 1.362 441
1 1.110 79 3.361 16 16
1 3.333 46 1.451 Be i1
1 3.3in 11 3.138 is 17
1 3.333 6 3.533 15 3
1 3.333 17 1.142 21 37
1 3.333 41 1.129 1l 14
3 3.113 63 1.444 13 13

Total: I 331
Count: 13



TABLE 38 (cont)
TINE OMY CHANGE ORDERS

SUll REAS COST MADOST TIRE %ADTINE CONTR I CHN6 #

I----- ---- ---- --- --- ------- ----

Total: 3,193 9353Count: 27--a- ----- ---- --



TABLE 39
UNFORESEEN WORK I DIFFERING SITE CONDITIONS CHANGE ORDERS

SUB REAS COST TIME CHN6 I

ASBESTOS

Total: 146,121 269
if Count: 3

CARP

Total: 7,789 a
Count: 3

CEILING
1%

Total: 11,153 7 %
Count: 2

CONCRETE

Total: 3,459 46%
Count: 4,

DEL/IMP (16)

Total: 113,111 I
Count: I

DENO

Total: 85,425 98
Count: to

DOORS

Total: 671 6
Count: -

EARTHWORK

Total: 64,179 19 s
Count: 7

ELEC

Total: 189,214 35
Count: 16

FENCING

'No
Total: 5,219 I
Count: 1

FINISH EIT

Total: 7,481 17 .,o

Count: 3

?~~~W -r e-. .0- WC' i.V



AOLE =39cont

UNFORESEEN WORK / DIFFERING SITE CONDITIONS CHANGE ORDERS

SUB REAS COST TIRE CHNG I

3 FINISH INT

Total: 27,817 223Count: 4

FUi"RING

Total: 2,924 5

FOUNDATION Cut 4

Total: 35,91 24

Count: 51

Total: 2914 I
Count: 15',

HVELECTI

Count: 3

Total: 11,134 47

INAC

Total: 61,713 271

Count: to

INT ARCH

Total: 186,679 394
Count: 6

LANDSCAPE

Total: 1,621 3
Count: 2

PAVING

Total- 25,781 13
Count: 2

ROOFING

Total: 3,111 5

Count:. 2



TABLE 39 (cont)

UNFORESEEN WORK / DIFFERIN SITE CONDITIOIS CE ORDERS

S° REAS COST TIP CLI

STAIRS

Total: 59,244 USCount:
STORM SEVER

Total: 16,821 16
Count: 3

STRUCT

Total: 9,838 1
Count:

UTIL GAS

Totals- 17,258 1 1 '

Total: 15,615 36

Count: is

UTIL IN

Total: 21,770 12
Count: 2

UTIL UG

Total: 78,117 235
Count: 14

WASE INC

Total: 3,394 6
Count: 1

WEATHER DAMAGE

Total: 73,261 81
Count: 3

WINDOWS

Total: 3,596 2
Count: 2

4.',



TABLE 39 (cont)IIDEIRESMEE 10W / DIFFERIN SITE CONUITIOUS CHM E ORKRS

SI REAS COST TIlE C016 I1!
Total: 1,613,566 1, "1

SCount: 136-------- - -



TABLE 40
VAWE ENGINEERING CHANGE ORDERS

SUB REAS COST ZADCOST TIRE XADTIRE CONTA # CHNG #

DENO -1,174 -3.319 I 3.111 25 34

Total: -1,374 1
Count:

PAVING -1,316 -1.124 1 1.131 32 Il

Total: -1,316U

Count:1

ROOFIN6 -11,317 -1.264 U 1.311 39 34

Total:- -11,317 1
Count:1

STRUCT -1,867 1.319 1 3.111 47 12

Total: -1,867 U

Count:1

Total: -15,574 3-
Count: 4

---- -----

% % I

fie



DIJTUONL TINE ONNE ORDERS BY REASON CODE (EXCLUDING 146)

NAJ REAS COST TINE CHNG #

3 CLE

Total: 452,524 693Count: I

CREG

Totalh 11131,663 1,224

Count: 32

CRIT

Total: 317,164 353
Count: 9

DSFR

Total; 11351,221 2,191
Count: 62

TINE

Total: 3,193 935
Count: 27

"'ED

ITotal: 914,127 1,781
Count: 69

Total: 3,648,779 6,552
Count: 213

------------- ------------ ----



TABLE 42

ADDITIONAL TIRE CHANE ORDERS DY BUILDING TYPE (EICLUDING 146)

# COST TIRE CHGO

Total: 946,787 612
Count: 17

HSG

Total: 146,516 746
Count: 22

INST

Total: 536,437 66

Count: 24

LAB

Total: 299,788 914
Count: 6

NODS

Total: 1,199,312 2,169
Count: 72

OFFC.

Total: 459,691 1,379
Count: 39

UNSE

Total: 163,548 382

Count: 21

Total: 3,649,779 6,552
Count; 211



NO ADDITIONA TIRE CHANGE ORDERS BY REASON CODE (EXCLUDING 146)

NMI REAS COST TINE CHNG #

Total: 117,755 15Count: to

CHIT

Total: 3,97

Count: 12

DOWN

Total: 779,429 1

Counts 95

Totals 443,93 I

Count: 61

VALE

Total: -15,574 1
Count: 4

Total: 19319,465 1
Count: 1I"



TABLE 4

0 AIIITIOIIA. TIME MAWUS BY IIIS TYPE (EZCLUDIN 1461

1 COST TINE CHG8

MR

Total: 1160131 1

Count: 15

Totals 52,589 1
Counts 22

INST

Totals: 265,812 3
Count: 33

LAD

Total: 71,472 1
Count: 16

Ros

Total 1 779,639 I

Coanti 61

OFFC

Total:1 26,591 1
Count: 33

IMSE

Total: 19,331 I

Count: 14

Total: 1,319,465 1
Count: 193

6jfj~lfJ1&wsz '



TABLE 45

CHANEORDERS INVOLVING PAIDITIONAL TINE

SREAS COST TINE CHUG I

CLIR

Total: 452,524 69

IICount: I

3Total: 1,13663 1,224
Count: 32

CRIT

Total: 337,634 379
Count: to

DS6N

Total: 1,151,221 2,191
Count: 62

SCPE

Total: 139,468 121
Count: 1

TINE

Total: 3,190 935
Count: 27

Total: 1,639,129 1,93ifCount: 73

Total: 4,123,818 6,919
Count: 213

BN



TABLE 46 w wwzwwv wv wlqtm ir m

CHANGE ORDERS INVOLVING NO ADDITIONAL TIME

MAJ REAS COST TINE CN #

3 CLER

Total: 438,6853Count: 2

3 Total: 144,258
Count: 23

3 CRIT

Total: 944,134I
Count: 23

35CR

Total:t 725,181 I

Count: 114£ WED8

Total: 614,438 3
Comat: 66

VALE

Total 1 -15,5748

Count: 4

Count: 229

Iw

NO I I



CHNGE ORDERS )S1Nil BY DUILDING TYPE (EX. #46)

# W REAS COST TIME CHUD

KMIR CLNR 452,524 69 37
DS6N 159,131 111 36

Total; 611,655 Igo

Count: 2

INST DSGN 275,111 274 62

Total: 275,111 274
Count:I

LAD CREG 111,933 21 39 .

OWGN 181 561 21

Total: 219,6933 522
Count: 2

NODS CREG 269462 193 16
CRIT 191,611 161 19
DS6N 214,151 1 12

Total: 692,633 361
Count: 3

OFFC CRED 111,161 19 16
UNFO 125,111 251 17

Tatal: 235,166 271
Count: 2

Total: 2,134,121 1,616
Count: 11



TABLE 48

CHANE ORDERS BTUN $75K AND SIlK BY BUILDIN6 TYPE

# HAJ REAS COST TIME CH6tI+
INST CR0E 78,133 115 31

Total: 79,133 115ICount: I

NODS UNFO 77,121 61 24

Total: 77,123 61
Count: 1

Total: 155,253 175
Count: 2

v-

- q w .q '% " o % - - - % - , q - , --+. . • . - . - , - - + . - , - . . . o - • - . o . + , , - - . ' - . ° + . o .''



TABLE 49 ",.s

CHANG ORDERS BIN S1K AND S75K BY DUILDING TYPE

# RAJ REAS COST TIRE CHUI

HMG CR11 55,421 33 is
DS6N 56,522 21 l8

Total: 111,943 51
Count: 2

HS6 DSGN 58,633 45 11

Total: 58,613 45
Count:I

INST UNFO 67,358 66 32

Total: 67,358 61
Count: I

LAB CRE9 74,521 21 It

Total: 74,521 21

Count: I

NODS CR19 59,995 133 IS
WIGO 59,777 I 17

59,244 I 39

Total: 239,336 149
Count: 4

RSE CR19 64,543 21 15

Total: 64,543 21
Count:s

Total: 614,974 345 ..

Count: Is

----------- --



CHAN6E ORDERS BTNN $25K AND S51K BY BUILDIN6 TYPE

# MAJ REAS COST TIME CHG#
-------------------------------

HN6R DS6N 31,119 7 19

UNFO 26,731 21 14

Total: 57,841 28ICount: 2

INST CREQ 49,211 1 17
49,991 21 i8

DSGN 31,773 U 14
45,157 1 16

UNFO 31,487 21 11

Total: 216,517 41

Count: 5

LAD UNFO 34,651 U it

Total: 34,651 ,
Count:

MODS CREQ 27,251 1ee i8
DS6N 26,152 I 17

39,584 1 is
41,133 i 13

27,581 1 25

33,136 33 12
33,591 1 34
26,427 14 16

UNFO 27,734 II 1

45,615 3 15
29,332 258 27
27,819 24 !1

Total: 383,223 524
Count: 12

OFFC CREG 43,217 91 13

Total: 43,217 93

Count:

WHSE CRIT 25,998 14 39

Total: 25,998 14

Count:

Total: 751,425 697
Count: 22

---- -



TABLE 51

CHANGE ORDERS LESS THAN 825,111 DY BUILDING TYPE

M ~ T TINE CHGI

3 HNGR

Total: 171,393 353
Count: 26 :MI

HSG

Total: 1%1512 7311
Count: 43

INST

Total: 175,251 371
Count: 46

LAD

Total: 42,256 262
Count: 19

MODS

Total: 586,669 977
Count: 112

OFFC

Total: 239,675 719

Count: 69

NNSE

Total., 88,338 347
Count: 32

Total: 1,412,471 3,729
Count: 346

----- - - - -----



TABLE 52
CHANGE ORDERS EXCEEDING $IN,13

NAJ REAS COST 1ADCOST TOT ADCOST TIRE XADTIHE TOT ADCT CONTR # CHG I
----- -- - - - -- - - - - -3 WR 452,524 1.956 473,457 69 1.246 291 49 17

387,111 1.214 1,896,595 1 1.118 257 46 49

Average: 1.581 1.123
I Total: 839,524 69

Count: 2

CR0 298,492 1.517 569,429 19n 1.444 465 42 16
111,833 1.314 369,279 21 1.027 792 32 09
118,161 0.338 325,153 19 1.151 371 43 16

Average: 3.383 1.174
Total: 513,315 220
Count: 3

CRIT 564,369 1.298 1,896,595 1.114 257 46 29
193,111 0.334 569,429 191 0.444 465 42 19
131,427 3.369 1,996,595 1 1.01 257 46 26
118,142 1.162 1,996,395 8 3.iil 257 46 34

Average: 3.191 8.111
Total: 1,112,778 180Count: 4• -

ISBN 275,181 1.166 257,923 274 1.964 317 i1 12 ,

214, 151 1.266 884,575 3 6.No 135 34 12
159,131 1.539 294,699 111 1.415 274 44 16
188111 1.293 368,279 511 1.633 792 32 21

Average: 1.346 1.476
Total: 756,282 88634-

Count: 4

SCPE 139,468 1.174 1,896,595 121 1.471 257 46 19

Average: 1.174 1.471
Total: 139,468 121 ,.-,
Count:

UNFO 215,11 1.118 1,896,595 113 1.428 257 46 16
125,810 I.1q4 325,153 251 1.677 371 43 17
113,111 1.361 1,896,595 1 3. o 257 46 37

Average: 1. 184 l. 368

Total: 443,111 361
Count: 3

-------- -------- ---------- -- -- - -

Average: 1.346 1.276
Total: 3,691,368 1,937
Count: 17

--------------- 
------ 

--- -------ic.,,.,.." -,.-,,- ,,,,,,,, ,.,, ,
y V
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CIANE ORDERS EXCEEDING $133,101 CONRAC7 146

3 *J REAS COST lAKOST TOT ADCOST THNE ZADJIKE TOT ROCT CONIR # CHNS #

I RU 387,3 1.214 1,896,595 1 .111 257 46 49

Average: 1.214 I.lt

Totali 38111W 6
Count: I

CIUT 541319 1.298 1,996,595 3 I.633 257 46 29
13 ,427 5.969 1,896,595 1 1.III 257 46 26
118,142 1.162 1,996,595 1 6.I1I 257 46 34

Average: ,.143 I.336

Total: 812,778 a
Count: 3

SCPE 139,468 1.174 1,896,595 121 1.471 257 46 18

Average: 1.174 1.471

Total: 139,468 121

Count:IW UO M1,111 .I.118 1,896,595 111 1.420 257 46 16
13m 1.161 1,896,5" I I.Ion 257 46 37

Averaqvi I.14 1.2t4
Total: 319 3I1 111

Count: 2

Average: 1.125 6.129
Total: 1,657,247 231
Combh 7

C'r.t1 ..... r



TABLE 57

ADDITIONAL TINE CHANGE ORDERS )111 DAYS SY BLDG TYPE

I NAJ REAS COST TINE CH6I

HUE DSGN 159,131 111 36
UFO 9,241 197 36

Total: 168,372 338
Count: 2

HSS DS6N 3,941 116 64
TINE 3 136 13

Total: 3,941 246
Count: 2

INST CREG 78,133 115 I1
ISBN 275,,I 274 62

Total: 353,133 389
Count: 2

LAD S6N 3,638 251 17
119,118 511 23

Total: 111,638 751
Count: 2

NODS CREO 59,995 103 19
27,250 199 i
288,482 18 16

CRIT 193,1" 191 19
UNFO 28,312 258 27

Total: 594,619 919
Count: 5

OFFC UNFO 125,13i 251 17
2,569 245 17

Total: 127,569 496
Count: 2

Total: 1,358,671 3,399
Count: 15

------ ---

0 %



TABLE 55

ADDITIONAL TIRE CHANGES 8hUN 75 AND III DAYS

# HAl REAS COST TINE CHON

NS6 CREQ 19,962 91 64

TINE 1 79 16
Total: 19,962 169 _
Count: 2

NODS CRIT 15,199 94 31
TINE U 78 14

Total: 15,199 172
Count: 2

OFFC CIED 43,217 91 13

Total: 43,267 91
Count: 1

WNSE DSGN 11,593 86 15
1,592 91 17

Total: 13,175 176
Count: 2

Total: 91,543 607
Count: 7

I

U

~ :~ &



TABLE 563 ADDITIONAL TINE CHANSES ITUN 53 AND 75 DAYS

# HAJ REAS COST TINE CH6#

MR CLNR 452,524 69 37

U ON Toa: 8,291 2e 0

1Count:2
3INST TIME 1 63 13

UNFO 67,358 63 32

Total: 67,359 123

Count: 2

NODS TIME 3 53 11
Noa 77,121 61 24

9,653 73 3

Total: 89,771 183
Count: 3

OFFC CREG 9,179 55 37
5,146 52 3

DSSN 23,369 71 IS

Total: 37,694 177 .-.

Count: 3

Total: 652,637 619
Count: 1

* 4.Z



TABLE 57

ADDITIONAL TIME CHANGES ITUN 25 AND 51 DAYS

# AJ REAS COST TINE diG,

HN61 CRIT 55,421 33 le
ISBN 23,394 26 32

5Total: 75,915 56
Count: 2

1156 CREG 15,242 45 14
DSBN 58,613 45 11

9,346 45 16
TINE I 35 13

1 49 17

Total: 92,991 249
Count: 6

INST TINE 3 41 14
1 46 11
* 33 35

MRF 13,395 34 13

Total: 13,395 154
Count: 4

NOS CREG 3,363 35 1
3,258 T.0 34I2,951 35 12

ISN3,112 42 17
958 33 1R

17,30 32 14
4,728 43 37
33,136 -to 02

TINE 3 37 34

1 34 3
NO 33 3
we61,111 45 14

Total: 128,273 423

OFFC TINE C3u t 
33 16 1

INFO 6,939 29 18

Total: 6,939 59
Count: 2

ONS UNFO 7,439 45 12
453 43 i9s~

Total: 7,999 Be
Count.- 2

L M56 !NO!H4p



TABLE 57 (cont)3 ADDITIONAL TINE CHAISES 3TVN 25 AND 51 DAYS

I NAJ REAS COST TIHE CH6#

-- --- - -- - --
Total: 314,971 191293Count: 29

00

RR



TABLE 58

ADDITIONAL TIME CHANGES LESS THAN 25 DAYS

# COST TINE CHUI

HN6R

Total: 141,785 119

Count: 1

HSG

Total: 39,723 82

Count: 12

INST

Total: 132,951 197
Count: 16

LAS

Totahz 181153 53 1

Count: 4

NODS

Total: 374,751 392
Count: 51

OFFC

Total: 244,313 257
Count: 31

Total: 139,434 119
Count: 16

Total: 1,231,157 1,219
Count: 141

---- -- - ---- ---

..... ..... ~% ~ '



TABLE 59
CHANGE ORDERS CONTRIBUTINS )511 OF ADDITIONAL COST

NAJ REAS COST ZADCOST TOT ADCOST TINE ZADTIE TOT ADCT CONTR I CMNG I
---- --- - -- ---------

CAL 452,524 1.956 473,457 69 3.246 291 48 17

Average: 1.956 1.246
Total: 452,524 69

CRED 289,492 . 337 569,429 183 1.444 415 42 16
64,543 3.566 127,447 21 1.216 112 46 I5
43,237 3.915 47,241 93 3.930 96 10 83
19,962 1.771 25,933 93 3.699 129 19 04
11,637 1.109 10,589 14 1.O33 14 32 3
13,267 1.634 16,204 7 1.250 28 24 if
9,422 1.812 11,635 14 1.737 19 13 62

4,651 1.575 9,187 3 3.333 9 17 12
-9,193 0.905 -11,149 0 3.OI6 38 22 I8

Average: 1.737 3.512

Total: 442,138 419

CRIT 7,N0 1.13 6,981 I I.1II 33 37 14

Average: 1.003 O.IOI
Total: 7,333 I

DSGN 275,333 1.366 257,923 274 3.964 317 01 32
159,131 1.5r? 284,699 111 1.415 274 44 16
59,603 0.889 66,321 45 1.333 45 23 01
38,773 1.617 49,936 3 3.333 44 14 34
11,583 3.555 21,986 86 1.869 99 33 15
9,146 1.590 15,341 45 6.192 234 27 36
6,614 1.554 11,934 I 1.313 112 18 34
-3,010 1.513 -5,9848 3 3.13 275 47 3

Average: 1.668 1.416
Total: 547,751 561

UNFO 67,358 .783 86,318 63 3.444 135 33 32 L
63,10 1.531 113,294 45 1.375 121 21 34
12,523 1.624 21,072 10 1.161 62 36 32
9,653 1.675 14,333 73 1.476 147 11 3
4,421 1.615 7,189 14 1.636 22 31 31
4,319 1.584 6,81 7 1.167 42 38 1
1,796 1.632 2,981 6 3.51 12 15 12

-11,213 1.333 -11,213 3 3.333 137 26 12

Average: 1.677 1.345A.
Total: 148,546 212

------ -------- ---

Average: 0.717 1.415
Total: 1,597,858 1,261



TABLE 60

CHANGE ORDERS CONTRIBUTING )512 OF ADDITIONAL CONTRACT TINE

JAJ REAS COST ZADCOST TOT ADCOST TINE ZADTINE TOT ADCT CONTR 3 CHN6 #

CRED 78,133 1.229 341,684 115 1.615 193 45 it
59,985 1.175 34,575 113 3.763 135 14 18
43,217 8.9!5 47,241 93 3.938 96 to 63
27,251 1.376 72,447 199 1.691 272 12 18
19,962 8.771 25,933 91 1.698 129 19 34 N
11,687 1.119 119589 14 1.110 14 32 13

5,146 1.256 280872 52 8.839 62 36 13

2,851 1.416 6,863 35 1.833 42 38 12

Average: 1.o41 1.799
Total: 256,643 731

CRIT 55,421 1.285 194,662 38 1.526 57 16 tl

Average: 1.285 1.526
Total: 55,421 36

DSSN 275,13 1.066 257,923 274 8.864 317 II 32
118,331 1.293 368,279 531 1.633 792 12 23
58,613 0.888 66,321 45 1.333 45 23 it
11,583 .555 2,886 86 1.869 99 33 35
3,946 3.129 36,737 116 3.53l 219 16 34
1,592 3.125 12,768 93 1.621 145 41 17
1,241 1.165 7,517 16 1.363 16 19 3

Average: 1.461 1.788
Total: 459,959 1,122

TINE 1 1.11 15,341 136 1.556 234 27 63
I 1.#" 6,981 33 1.133 33 37 13
1 |.101 36,784 33 1.579 37 39 15

l 8.3n 49,936 23 1.523 44 14 86l 1.111 16,214 21 1.751 28 24 83"

Average: 6.633 1.682
Total: , 241

UDM 125,111 1.384 325$153 251 1.677 371 43 1728,382 8.035 814,573 258 1.737 351 14A 27
9,241 1.121 4739457 197 1.711 281 48 16

6,653 -6.656 -1,149 23 .695 38 22 62
4,421 1.615 7,189 14 6.636 22 31 31
4,136 1.225 19,223 4 1.571 7 17 17
2,569 -1.439 -5,948 245 3.891 275 47 17

Average: 0.126 1.688
Total: 18,291 992

Average: 6.295 1.737
Total: 952,314 3,185



LIQUIDATED DANA6ES NUMERIC SORT - COST ANALYSIS

tLD ORI6 COST ADDCOST FNL COST CSTF

3,681 5,247,3M 25,913 5,272,913 1.15
1,6M3. 927,777 18,333 845,777 1.322
1,382 4,731,310 42,881 4,773,98 1.119
1,296 4,623,154 18,223 4,641,377 1.314
1,320 3,112,711 15,341 3,128,341 1.315
792 1,964,310 185,117 2,149,117 1.499
625 4,88,111 194,662 5,182,662 1.143
565 5,219,322 1,896,595 7,115,617 1.363
535 4,453,11 325,153 4,778,153 1.173
515 5,164,644 368,279 5,432,923 1.173
420 3,213,958 23,886 3,234,844 1.116
419 39791,111 127,447 3,918,447 1.134
415 4,8941M 341,684 5,235,694 1.171
415 3,676,811 257,923 3,933,923 1.371
315 2,935,227 55,851 2,991,179 1.119
315 2,829,11 31,737 2,858,737 1.111
335 3,345,466 294,699 3,351,165 1.193
385 2,457,111 473,457 2,931,457 1.193
265 2,761,911 46,441 2,917,341 1.117
265 2,189,13 86,318 2,275,319 1.339
235 2,117,251 39,329 2,146,579 1.119
225 912,163 -11,149 912,114 3.989
215 11135,679 -11,213 1,324,469 3.999
235 1,799,311 113,284 1,911,284 1.363
195 3,865,11 814,575 4,669,575 1.238
185 1,776,1H 49,916 1,925,916 1.129
185 1,491,110 47,241 1,537,241 1.132
175 1,467,435 11,934 1,479,339 1.119
155 111391139 72,447 1,111$586 1.171
151 713,923 36,74 741,714 1.352
135 1,437,11 13,589 1,417,599 1.119
135 1,392,51 569,429 1,961,929 1.409
115 191159H "1,1613 1,126,615 1.111

115 949,861 131,193 1,181,15 1.137
115 794,101 66,121 861,121 1.183 .
95 727,13 11,559 737,559 1.115
95 667,233 12,768 679,971 1.119
91 574,111 6,863 561,961 1.112
85 635,311 16,214 651,214 1.826
75 741,111 6,981 746,981 1.319

75 614,192 7,19 621,281 1.112
65 4821569 7,537 491,176 1.016 -;

65 433,399 2,991 436,381 1.107
65 411,"1 -5,848 435,152 1.986
65 396,11 21,172 416,172 1.351
65 393,333 9,397 431,167 1.121
55 391,261 I 391,261 1.318
35 199,447 14,333 213,753 1.172

Average: 392 2,386,597 143,117 2,229,614

kp



5 LIQUIDATED DAIAES NUMERIC SORT - TIME ANALYSIS

SLD ORCI ADCT FNCT CTDF LDDY FOUR FDF(O) FDF(F) ATDF LDDF OR16 COST u

"368 54 129 669 1.239 41 711 1.315 1.161 1.94 1.16 5,247,186
1,66 212 15 227 1.171 6 221 1.142 1.974 1.1U 1.31 827,777
1,382 456 112 562 1.249 1 562 1.249 1.110 1.31 3.33 4,731,366
1,296 71 7 737 1.111 3 717 1.160 1.11 .3. 4,623,154
1,323 420 234 654 1.557 3 654 1.557 1.333 1.33 3.33 3,312,711

792 548 Be 621 1.148 3 626 1.148 1. me 1.33 1.31 1,064,111
625 546 57 597 1.116 I 597 1.136 1.o33 1.1 1.31 4,88,11
565 541 257 797 1.476 I 797 1.476 1.303 1.1 3.1 5,219,122
535 523 371 891 1.713 1 891 1.713 1.80 1.63 3.13 4,453,1
515 633 792 1,422 2.257 1 1,422 2.257 1.113 1.11 6.63 5,864,644
421 481 99 579 1.216 I 579 1.216 1.161 1.03 3.69 3,213,958
419 453 132 552 1.227 14 566 1.258 1.025 6.96 6.82 3,791,363
415 521 193 710 1.365 3 643 1.231 3.931 1.33 0.33 4,894,118
465 421 317 737 1.755 13 747 1.779 1.114 1.99 1.11 3,676,31
38 436 353 758 1.875 3 751 1.875 1.906 1.30 3.11 3,865,361
315 455 143 598 1.314 I 599 1.314 1.118 1.11 8.11 2,935,227
315 423 219 639 1.521 123 759 1.867 1.188 1.84 3.16 2,928,133
335 455 274 729 1.612 3 634 1.393 1.071 1.!0 1.. 3,865,466
335 361 281 641 1.791 1 641 1.781 1.11 1.31 1.33 2,457,181
265 365 135 511 1.370 I 51 1.371 1.01 1.11 3.11 2,189,311
265 338 232 532 1.612 O 532 1.612 1.30 1.31 3.16 2,768,933
235 365 98 463 1.268 I 449 1.230 1.971 1.H 3.8l 2,117,253
225 271 38 3168 1.141 197 515 1.871 1.641 3.61 8.39 912,163
215 271 117 377 1.396 3 377 1.396 1.81 1.31 1.33 1,335,679
215 365 123 485 1.329 28 513 1.415 1.358 1.95 8.35 1,7989,19
195 413 135 535 1.339 3 535 1.338 1.11 1.16 0.13 3,865,110
185 481 44 524 1.192 3 524 1.692 1.10 1.16 3.33 1,776,186
185 455 96 551 1.211 a 551 1.211 1.11 1.1 3.39 1,491,10
175 421 112 522 1.243 9 531 1.264 1.317 3.98 3.32 1,467,435
155 395 272 667 1.689 3 667 1.689 1.81 1.33 6.36 1,139,139
153 276 57 327 1.211 3 327 1.211 1.81 1.30 3.86 733,923
135 365 435 771 2.111 3 771 2.111 1.38 1.33 8.93 1,392,593
135 365 14 379 1.338 3 379 1.338 1.080 1.13 6.31 1,437,1 0
115 365 19 364 1.152 3 394 1.352 1.81 1.16 3.31 1,315,31
115 240 78 318 1.325 3 332 1.258 1.950 1.30 8.33 949,861
115 441 45 485 1.112 a 485 1.112 1.131 1.33 3.36 794,383
95 366 145 445 1.483 8 445 1.483 1.163 1.13 6.38 667,213
95 333 28 328 1.693 3 328 1.093 1.180 1.31 8.83 "'1,38
93 336 42 342 1.143 3 342 1.141 1.91 1.33 1.0 574,368
85 363 28 389 1.379 3 388 1.056 1.979 1.1 3.83 635,16
75 271 33 383 1.122 3 313 1.122 1.633 1.8 1.8 743,18
75 19 22 232 1.122 193 395 2.194 1.955 8.51 3.49 614,692
63 30 62 362 1.217 14 376 1.253 1.139 1.96 1.34 396,30
65 30 9 319 1.13 1 309 1.131 1.18 1.33 1.11 393,611
65 298 275 555 1.982 3 315 1.125 0.568 1.11 8.11 413,91
65 273 I1 28 1.837 123 413 1.493 1.439 3.69 1.31 482,569
65 273 12 282 1.144 1 282 1.144 1.033 1.1 1.13 433,399
55 243 I 241 1.138 43 281 1.167 1.167 1.86 0.14 391,261
35 121 147 267 2.225 0 267 2.225 1.330 1.1 1.30 199,447
25 61 14 74 1.233 132 176 2.933 2.379 0.42 1.59 1,487,191
21 61 3 61 1.336 111 156 2.61 2.661 1.29 1.71 3,112,731
13 31 14 44 1.467 3 44 1.467 1.338 1.33 1.11 1,487,31

"," • " '-",."-



TABLE 62 cont

LIGUIDATED DAMAGES NUMERIC SORT - TIRE ANALYSIS

$L. ORCT ADCT FNCT CTDF LDY FDUR FDF(O) FDF(F) ATDF LDDF CRIS COST

B Average: 311 363 131 494 1.351 19 514 1.94 1.16 2,112,468

'lb; .2
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APPENDIX B

RAW FIELD DATA INPUT

ORIGINAL COLLECTED DATA FROM FIELD STUDY
AS ENTERED IN DATA BASE

(see Section III)

k
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UNIT NO: 01 CONTRACT NO: 810910
TITLE/LOC: Applied Instruction Bldo, NAS Memphis TN
BLDG TYPE: INST SLD/DY: 405

ORIGINAL COST: 3676000
FINAL COST: 393392"!3m

COST FACTOR: 1.070

ORIGINAL CT: 420
ADDITIONAL CT: 317

FINAL CT: 737
CT DELAY FACTOR: 1.755

FINAL DURATION: 747
LD DAYS: 10

FINAL DF (OCT): 1.779
FINAL DF (FCT): 1.014

ALLOWED TIME rF: 0.99
LD'S TIME DF: 0.01 ADDITIONAL COST: 257923

I

CU € I T C 51k5 MIil

I co. iNs cm" w ucwU TIE 1

.II II CE lU t1 -32,4b -4.126 2 1.116U
I - lIT AI- 275,1111 1.11 274 11.84 ".

13 .,- 1111 15,41 @.I 1 1.01
H4 Tie IFATNE I 1.011 41 1.129

Totals 25,9 23 5.III 317 .99

.I

°'A

V.-.



UNIT NO: 02 CONTRACT NO: 800242
TITLE/LOC: Ocean Research Lab NORDA St. Louis MSjBLDG TYPE: LAB SLD/DY: 515

ORIGINAL COST: 5064844
FINAL COST: 5432923SCOST FACTOR: 1.073

ORIGINAL CT: 630
ADDITIONAL CT: 792

FINAL CT: 1422
CT DELAY FACTOR: 2,257

FINAL DURATION: 1422
LD DAYS: 0

FINAL DF (OCT): 2.257
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.09
LD'S TIME DF: 0.00 ADDITIONAL COST: 36e279

CmRA OMS mm y 
AT

1 00Ol NiU KAI f3S COST ZAICOST TIME ZAT

62 it 11F EARTH=O 34,im 5.394 1 1.91
62 ISO1 SELN 2,66R S.01 S S.10
83 MIN 6WN 1,153 g.M 1 I.O0
94 M ELEC 4,5m6 1.112 1 1.14

Is Cme gil S0 -low1 -4.163 8 L
IA mi EIUIP 463 1.11 1 1.010

W, V UO PIE a kl 1.41 LAS gm
10 m CAR 39275 I.t 1 1.010

I1EE 98 1.264 ! 191

I C2 W A 7,21 1.S 72 1.m

12 we VL K1 1,4 810 1 .0



UNIT NO: 03 CONTRACT NO: 830436
TITLE/LOC: Grp Trno Blda Barksdale AFB Shreveport LA

BLDG TYPE: INST $LD/DY: 265

ORIGINAL COST: 2189000
FINAL COST: 2275018

I COST FACTOR: 1.039

ORIGINAL CT: 365
ADDITIONAL CT: 135

FINAL CT: 500
CT DELAY FACTOR: 1.370

FINAL DURATION: 500
LD DAYS: 0

FINAL DF (OCT): 1.370
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: 86018

COTRACT CURBGE ShhlAR

I COG# RAJ REAS SI REAS COST %ADCOST TIME ZADCT

l3 it UIFO UTIL US 1,866 122 l I.N0

12 UNFO FOUNDATION 67,358 1.783 61 1.444

3 tlT FIRE ALARN -1,5S -i.819 I 3.1,

34 CiER IN? ARCH Il29 1.117 3 l.1101

15 UNFO UTIL US 2,325 1.127 , l.l

06 DSSN STRUCT 3,549 1.141 15 3.111

I7 ISm FINISH ilT 2,243 1.126 I I.1111
M, go DSGN ELEC 1,179 1.114 l 1.10 il

19 IFO UTIL US -967 -9.311 1 3.i

is TIME NEATHER 1 I.l1 63 1.444

Total: 86,311 L.fI 135 I.999



|. ... ,. . .N L 

UNIT NO: 04 CONTRACT NO: 611112
TITLE/LOC: FIB Support Facilities MCAS Beaufort SC
BLDG TYPE: MODS SLD/DY: 195

ORIGINAL COST: 3665000
FINAL COST: 4669575

COST FACTOR: 1.208

ORIGINAL CT: 400
ADDITIONAL CT: 135

FINAL CT: 535
CT DELAY FACTOR: 1.338

FINAL DURATION: 53b
LD DAYS: 0

FINAL DF (OCT): 1.338
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: 604575

UNIT NO: 04A CONTRACT NO: 811112
TITLE/LOC: FIB Support Facilities MCAS Beaufort SC
BLDG TYPE: MODS $LD/DY: 380

ORIGINAL COST: 3865000
FINAL COST: 4669575

COST FACTOR: 1.208

ORIGINAL CT: 400
ADDITIONAL CT: 350

FINAL CT: 750
CT DELAY FACTOR: 1.875

FINAL DURATION: 750
LD DAYS: 0

FINAL DF (OCT): 1.875
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: 804575

-

" m _

'.
.

1



COIACT CHMSES SWWlm

f C13 NIJ NEU SU REAS COST 63COSY TINE 1AK?

a of We D 21,231 1.126 15 3.111
12 "a ~DOWS 31 I8.114 i i
13 UNFO ELEC 7,434 1.112 14 1.14

U5 MR ELEC 12,1 1.116 3 .116 UIFO EARTWiK l, $16 1.112 1 i.100
8, 7 no STMC 26,132 1.132 18110I

so no1 lIlT ARC 39,584 1.149 I .111
F M IN lit CH 4,191 1.11# , .111

it LIFO EIE: I3 1.101 I.111

12 Im EUIP 214,151 1.266 I .IN1
13 O6W FP SYS 48,133 i.353 1.111
14 iNFO EJEC 24,121 1.3 1 1.101
15 UNFO fEL 45.615 1.157 I 3.111
16 IO ELEC 4,772 1.116 I 1.111
17 UIFO INt ARM 58,777 1.173 1 .1011
to CRED PAVING 59,95 1.175 133 1.763
19 UNFO ELEC 13,11 1.112 I 1.$11
21 UNF ELEC 1,799 1.102 1 3.1
21 DWN ELEC 13,446 I.17 1 1.11
22 UNFO CARP 13,391 1.117 3 3.311
23 LwO FSYS 3,216 3.04 1 1.101
25 0s1I STIRUCT 27,5 8 1.334 3 .IN
26 INFO ELEC 17,961 1.122 I 1.1110
31 IFO ELEC 11,864 1.315 1 1.11@
31 311 CARP -3,127 4.104 l I.119
32 UIFO CARP 20 .1011 1 3.11I

Total: 699,153 1.863 135 I.N3

NA 81 IJIFO OEM0 1 3.WI 1 1.43
3 UNFO ELEC 1 3.,N1 14 1.341

14 UIFO UTIL US 1 3.11N 3 3. MR
24 UIF eIN ARCH 77,121 1.196 61 1.171
27 UIF0 tiT ARCH 29,312 1.135 258 1.737

Total: 115,422 1.131 351 1.10 1'

Toili 814,515 3. 9 435 2.111

I ', +, + -,I' +'+ ,+#,'+ , ,,+ ", ,,'.% ..",+,-+,,".-".N'.'/ .', ;"+'..'? -',,*...



I
UNIT NO: 05 CONTRACT NO: 800477

TITLE/LOC: UEPH Modernization MCRD Parris Island SC
BLDG TYPE: MODS $LD/DY: 265

ORIGINAL COST: 2760900
FINAL COST: 2807341

COST FACTOR: 1.017

ORIGINAL CT: 330
ADDITIONAL CT: 202

FINAL CT: 532
CT DELAY FACTOR: 1.612

FINAL DURATION: 532
LD DAYS: 0

FINAL DF (OCT): 1.612
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.09
LD'S TIME DF: 0.00 ADDITIONAL COST: 46441

I

I CIII NN REM SE flEAS CMST %ACIST I K. ZICT

1 II CRlT LIINIIU 15,1" 1.327 LI 6443
12 IwO 9,17 1.215 1 1.174
a3 LFO FINISH lIT 21,255 6.435 is 1.374
64 TI LEC SYS DELAY I 1.l8 71 I.3

Toal: 4,441 II 32 1.Yq

,U.

'ol



UNIT NOt 06 CONTRACT NO: 810578
TITLE/LOC: UEPH NCBC GulFport MS
BLDG TYPE: HSG $LD/DY: 315

ORIGINAL COST: 2828990FINAL COST: 2858737
COST FACTOR: 1.011

IORIGINAL CT: 420
ADDITIONAL CT: 219

FINAL CT: 639
CT DELAY FACTOR: 1.521

FINAL DURATION: 759
LD DAYS: 120

FINAL DF (OCT)" 1.807
FINAL DF (FCT): 1.188

ALLOWED TIME DF: 0.84
LD'S TIME DF: 0.16 ADDITIONAL COST: 30737

I

IJ
INTRACT CHAMIES SUMARY

1 06# MJ lEAS SB REAS CST ZCOS7 TIME ZAKT

I-T* ,F 0 - -------. 2- ----B l UNODEIS 9,533 1.279 5 1.123 ,
12 DSUN DOORS 7,441 1.242 I 3.333
13 noS1 STRUCT 4191 3.136 5 1.123
14 ISN ROOFING 3,941 1.128 116 1.331
5 DSUN FINISH INT 6,643 1.216 14 1.164

I, TINE iVATH£R 1 I.10 79 1.]61

Totals 31,737 1.311 219 1.111

RNN

I%

g8
w V



UNIT NO: 07 CONTRACT NO: 810425
TITLE/LOC: UEPH NCBC Gulf port MS
BLDG TYPE: HSG SLD/DY: 1296

ORIGINAL COST: 4623154
FINAL COST: 4641377

COST FACTOR: 1.004

ORIGINAL CT: 700
ADDITIONAL CT: 7

FINAL CT: 707
CT DELAY FACTOR: 1.010

FINAL DURATION: 707
LD DAYS: 0

FINAL DF (OCT): 1.010
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: 18223

COUTRAC CHANSES SIIHRMY

3 CH6 MAI REMS SUBl REM1 COST MODCST TIME 1ADCT

3 ofI UNFO lU L US 2,15b 3.118 1 .,
12 mm1 NV ELEC 1,221 1.147 I .1
33 Ism STRIICT 4,845 1.2M4 3 B.429
64 no6 NYAC 2,729 1.156 1 SIN
15 UIFO CONCRETE 1,195 Um14 I Um3
94 INO EARUVORK 1,971 1.119 1 SIn
67 UNFO UTIL US1 4,134 1.225 4 1.571

Total: 19,223 1.113 7 1.11



UNIT NO: 09 CONTRACT NO: 911016
TITLE/LOCs Chapel NAS Dallas TX
BLDG TYPE: INST SLD/DY: 175

ORIGINAL COST: 1467405
FINAL COST: 1479339

COST FACTOR: 1.*00B

ORIGINAL CT: 420
ADDITIONAL CT: 102

FINAL CT: 522
CT DELAY FACTOR: 1.243

FINAL DURATION:- 531
LD DAYS: 9

FINAL DF (OCT): 1.264
FINAL DF (FCT): 1.017

ALLOWED TIME DF: 0.99
LD'S TIME DF: 0.02 ADDITIONAL COST: 11934

CONTRACT CHANGES SNNARY

3 CHBI M RlAS SUB REN CCII ZAOST TINE ZA9CT
------- ------------------ ----------- ---------- ------- ------- -

i9 K1 TINE EATHER 1u1.111 46 1.431
32 "mB DORS 2,161 1.173 is 1.898
33 DSUN INT ARCH 1,569 1.131 14 1.137
34 1661 WINDOS 6$614 1.554 1 3.111
15 ISBN WINDOWS 464 3.339 1 1.01
36 ISSN ELEC 1,536 1.126 21 1.286
37 TINE WEATHER 1 I.lK 11 3.1KN

"aSB HYAC -201 -1.123 3 DAN3

Total: 11,934 I.111 132 1.113

A i.



UNIT NO: 09 CONTRACT NO: 820084
TITLE/LOC: UEPH Barksdale AFB Shreveport LA
BLDG TYPE: HSG $LD/DY: 1382

ORIGINAL COST: 4731000
FINAL COST: 4773880

COST FACTOR: 1.009

ORIGINAL CT: 450
ADDITIONAL CT: 112

FINAL CT: 562
CT DELAY FACTOR: 1.249

FINAL DURATION: 562
LD DAYS: 0

FINAL DF (OCT): 1.249
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.00 " -p .
LD'S TIME DF: 0.00 ADDITIONAL COST: 42880

I.

C TRACT CHANGES SU ffMRl

I 1 6 NMJ REAS SUE REAS MOST ZADCOST TIME ZADCT

39 II1 OSN UTIL HN 5,348 1.125 3.333
32 DNGN OS 1,425 1.196 .
13 INFO CEILJM6 2$256 Low5 1 1.10
I4 YALE ROOFING -11,317 -0.264 3 1111
35 INFO UTIL HN 14,271 .333 L 11.100
1 TIME GOEL SUBN 1 1.311 13 .161
17 ISBN TELEPHONE 2,784 1.365 I1.010$
38 CRIT CEILING -11,563 -1.271 .S O
39 3SON CCRETE 552 1.113 I 1.111
is TIRE HATL DEL 1 3.3K 7 1.163
11 TIME SIEL SITE 696 1.116 7 1.163
12 CRE0 ELEC 11,628 0.271 I 1.811
13 TIE MATL DEL 1 l.1 35 1.313
14 CR0A FINISH INT 15,242 1.355 45 1.4a
15 UNFO IEL UTIL 2,964 0.369 1 3.fl3
16 INFO WE 1,64l 1.137 0 1.ltl

Total: 42,881 ."1? 112 1.812



UNIT NO, 10 CONTRACT NO: 790472
TITLE/LOC: Cons. SupDort Ctr. Enqland AFB
BLDG TYPE: OFFC $LD/DY: 185

ORIGINAL COST: 1490000
FINAL COST: 1537241

COST FACTOR: 1.032

ORIGINAL CT: 455
ADDITIONAL CT: 96

FINAL CT: 551
CT DELAY FACTOR: 1.211

FINAL DURATION: 551
LD DAYS: 0

FINAL DF (OCT): 1.211
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.00 .
LD'S TIME DF: 0.00 ADDITIONAL COST: 47241

CONTRACT CHANGES SIINRY

I CH#I ROS SUI i[AS COST ZADCOST TIRE XADCT

le II UMFO UTIL 16 2,397 1.151 3 1.131
12 UNFO UTIL US 2,953 .m6 3 1.131
03 ORER KIT ARCH 4;3237 1.915 91 i.938
4 CRED ELEC 224 .315 I .3m
35 CtIT UTIL GEN -1,946 -1.141 3 .ee3

16 DS6N DOORS 75 .32 I 3.I31
7 CuIT ELEC 425 3.339 1 3.3K

Total: 47,241 L,.6 96 1.1"

V



UNIT NO: 11 CONTRACT NO: 830709
TITLE/LOC: Alts to Rsv. Ctr. Savannah GA

BLDG TYPE: MODS SLO/DY:. 35

ORIGINAL COST: 01994475FINAL.COST: 0213750
COST FACTOR: 1.072

ORIGINAL CT: 120IADDITIONAL CT: 147
FINAL CT: 267

CT DELAY FACTOR: 2.225

FINAL DURATION: 267

FINA OF(OCT): 2.225
FINA DF(FCT): 1.000

ALLWEDTIME DF: 1.00
LDSTIME DF: 0.00 ADDITIONAL COST: 14303

I CONTRACT CHANGES SVIIRY

CH MIJ REAS SUB EAS COSY WOST TINE ZWDCT---- ------------- ------------------- ---
31 CREG INXT ARCH 3,3u 1.231 35 1.238
32 wIe FINISH EUT I,35 1.05 5 3. L4
33 tIFl INT ARCH 9,650 1.673 71 1.476
9 4 TIME DEL StH IL 37 1.252

Total: 14,313 I.011 147 i.m N



UI

UNIT NO: 12 CONTRACT NO: 830365
TITLE/LOC: Alterations to EDF NCBC Gulfport MS
BLDG TYPE: MODS $LD/DY: 155

3 ORIGINAL COST: 1039139
FINAL COST: 1111586

COST FACTOR: 1.070

ORIGINAL CT: 395
ADDITIONAL CT: 272

FINAL CT: 667
CT DELAY FACTOR: 1.689

FINAL DURATION: 667
LD DAYS: 0

FINAL DF (OCT): 1.689
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: 72447

A

CONTRACT CHAN6ES JIIMARY

I CN6t RAJ REAS SUB REAS COST AUDCOST TIRE ZADCT
- ------ ---------

12 t1 053 UTIL US 3,954 LO53 3 l.111
12 S 3TI US 2481 1.134 2 1.117
13 ISBN SITE ACCESS 5,176 1.171 7 1.126
04 UFO ASBESTOS 6,991 3.396 3 1.i..
15 CREI LIGHTIN6 4,714 1.165 l '.i,3
6 ISIm ASBESTOS 11,291 3.56

17 I56N UTIL SEN 3112 1.142 42 1.154
K Cio EQUIP 27,2531 .376 1R8 .691

33I9SB HYAC 721 3.11l 1 3.33
is Di CARP 958 1.113 38 3.111
11 CtI WAC 6,333 1.183 3 3.3 l

Totl: 72,147 1.999 272 8.999

S

-~ .. *% ... 1



UNIT NO: 13 CONTRACT NO: 830449
TITLE/LOC: PSD Bldq NSA New Orleans LA
BLDG TYPE: OFFC $LD/DY: 115

ORIGINAL COST: 1015000
FINAL COST: 1026605

COST FACTOR: 1.011

ORIGINAL CT: 365
ADDITIONAL CT: 19

FINAL CT: 384
CT DELAY FACTOR: 1.052

FINAL DURATION: 384
LD DAYS: 0

FINAL DF (OCT): 1.052
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: 11605

CONITRACT CHANGES IJNIARY

I CH61 KAJ REAS SUB REAS COST ZADCOSO TIRE ZACT

13 II UNFO FOUNDA7ION 11183 1.112 5 1.263
12 CIEO CARPET 9,422 1.812 14 1.737
63 OS61N ELEC 1,lOO 1.886 l 1.11

Total: 11,615 1.11 19 L.ou

WO



UNIT NO: 14 CONTRACT NO: 833502
TITLE/LOC, Op. Trnq Bldc NAS N w Orleans LA
BLDS TYPE: INST SLD/DY: 185

ORIINAL COST: 1776683
FINAL COST: 182596

COST FACTOR 1.628

ORIGINAL CT: 48
ADDITIONAL CT: 44

FINAL CT: 524

CT DELAY FACTOR: 1.092

FINAL DURATION: 524
LD DAYS: .

FINAL DF (OCT): 1.092
FINAL DF (FCT): l.89

ALLOWED TIME DF: 1.83
LD'S TIME DF: 8.00 ADDITIONAL COST: 49936

uMir 01NIWUM

CNB# NAJ REMS so REM =7I ZMUT Tim 1WT

14 I1 DUN 97IL M 2,M15 1.141 1 L.n 'S

12 DN FRDATIMi 4,25 8l1f 21 0.477
13 mu16 INT Mca im 1.121 I .m
a6 DUN FOIATION 38,773 .i17 U .i -1 8,
l no UT IL GEN 4,235 1.125 6 1.0 11

14 TIE Ul SUnK 1 1.101 23 e.-23

Total: 41,986 1.11 44 l.86

SR

.',



UNIT NOs 15 CONTRACT NOs 630240I TITLE/LOCt Env./Mod. Facility Shrevooort LA
OLD@ TYPE: LAS *LD/DY: 65

ORIGINAL COST: 0433399
FINAL COST: 016389

COST FACTORt 1. M7

ORIGINAL CT: 278
ADDITIONAL CT 12

FINAL MT 212
CT DELAY FACTOR: 1.044

FINAL DURATION: 282

ALLOWED TIME DF: 1.0
LD'S TIME OF: 9.1ft ADDITIONAL COST: 2981 U

cwwy aml sual wVI ielwM IE ZK
-- - - - - - - - - - - - - - - - - - - - - - - - -

PRY-f111 ."L
V FFMIN I' Lm L
a~~~~ *t.KD lm A
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* &MA*A~ RA UEIN ms 1 nu i



UNIT NO: 16 CONTRACT NO: 810924
TITLE/LOC: Maintenance Hanqer NAS Cecil Field FL
BLDG TYPE: HNGR $LD/DY: 625

ORIGINAL COST: 4688000U FINAL COST: 5082662
COST FACTOR: 1.040

ORIGINAL CT: 540

ADDITIONAL CT: 57
FINAL CT: 597

CT DELAY FACTOR: 1.106

FINAL DURATION: 597
LD DAYS: 0

FINAL DF (OCT): 1.106
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: 194662

£o

b ~ CNN NIJ RE~l CONTRACT CHASGES SUIARY TN AC

, CS NJ RA1 SIB REA$ COST %ACOST TINE 1AKT

16 a31 UIFI FENCIN6 5,219 1.127 1.1l
32 CRIT UTIL I/6 3,969 .23 I L.I
33 D161 FP SYS 11,152 3.052 U USE
04 CREi UTIL IEN 4,493 1. 13.3 11.110
a CRIT ELEC 1,992 1.111 1 .UI0
06 Dm HAUL ROUTE 17,315 3.39 3 3.ll1
17 CRIT FENCIN6 2,373 1.112 3 .N41
u M UiBAR DOORS 11,236 3.58 1 11.013

OSON FP SYS 31,119 1.163 7 8.123
is CII iT ARCH 55,421 .25 30 1.526
11 Iw JIT AiiCH 12,797 3.166 15 1.23
12 no HVAC 12,552 1.064 3 3.101
13 CUD FP IYS 6,238 1.832 l l. w-
14 IR INt ARCH 3,451 3.319 5 .88.
15 ia FOUNDATION 9,9m2 l.351 3 3.111
Ii SB1 FP SYS 4,2"9 8.322 l l.l "6

Total: 194,642 1.311 57 L.IN3



UNIT NOs 17 CONTRACT NO 810809-
TITLE/LOCs Family Svc Ctr NAS Kincsville TX
BLDG TYPEs OFFC SLD/DY: 65

ORIGINAL COST: 0393000

COST FACTOR: 1.021

ORIGINAL CT: 300
ADDITIONAL CT: 9

FINAL CT: 309
CT DELAY FACTOR: 1.030

FINAL DURATION: 309
LD DAYS: 0

FINAL DF (OCT): 1.030
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.00 'SI

LD'S TIME DF: 0.00 ADDITIONAL COST: 8087

I0

=lRACT CHANGES SUIMAY

1 CH6 NJ REN SU1REAS CST ACOS7 TINE AIT

17 II "a FINISN E17 2,174 8.257 2 1.222
12 CEO CARPET 4,651 0.575 3 8.333
33 DSGN DOORS 1,31 3.14 4 1.444

Total: 8,07 1.i 9 i.Y,.

Lj4I

,, .

I



LIMNIT NOt 19 CONTRACT NO: 810955
TITLE/L.OCx Family Svc Ctr NAB Ceil Fild FL3BLDG TYPEs OFFC *LD/DY: 85

ORIGINAL COST: 1482569
FINAL COST: 04906

COST FACTOR: 1.016

ORIGINAL CT: 279IADDITIONAL CT: 10
FINAL CT: 290

CT DELAY FACTOR: 1.037

FINAL DURATION: 493
LD DAYS: 123

FINAL DF (OCT): 1.493

FINAL DF (FCT): 1.439

ALLOWED TIME DF: 0.69
LDIS TIME DF: 0.31 ADDITIONAL COST: 7567

CIUTR*T cNAIs SwEAR?

CM 011 MJRE VA MT WCNKI TINE UK7

-- --- - -- -- 3---- -l -- -1.457
DSGW IT ARMI 21032 LW37 1.w1

33 bVII INT MCI 1,241 1.163

Tota&I: 7,3V .YYI 1.116



LINI T NO: 1I1 CONTRACT NOt 616B412
TITLE/LOCs ULZ9 PCR Pa'. Island SC
BLDG TYPEt MS OLD/DYt _&6U-

ORISINAL COST: 524716
FINL COSTt 15272"'-T

COST FACTORe 1. W5

ORIGINAL CMT 546
ADDITIONAL CMT 129

FINAL CTi 6693CT DELAY FACTOR: 1.219

FINAL DURATIONi 716

LD DAYSl 41
F INAAL OF (OCT) 1 1 .15
FINAL [W (FCT ) 1 1.061

ALLOWED TIME DF: 6.94
LD' TIPF OF: 0.S6 ADDITIONAL rqTt 5299

IW

I 1 Il via$ I lu ICU TIm IMC

3II I0wo lNl ?,&3 .295 5 6.39
12 1o ftY -4,I1 -. "15 I I.1
13 Mg6 UIlL UN 3,372 l.1 3 0.63
6 CEO 161 No 19,%2 L771 9 .611
is IlM 3 vKIm 1 1 3 .233

, Total, 1 , l tml 12 .N1

an

I,
*

Ii



UNIT NO: 20 CONTRACT NO: 89409
TITLE/LOC: Alterations to UEP4 Shaw AFB Sumter SC

BLDG TYPE: MODS *LD/DYs 792

ORIGINAL COSTs 1964606
FINAL COSTs 2049017

COST FACTOR: 1.099

3 ORIGINAL CT 540
ADDITIONAL CT: 90

FINAL CT 620ICT DELAY FACTOR: 1.146

FINAL DURATION: 626
LD DAYS: U

FINAL OF (OCT): 1.149
FINAL DF (FCT)s 1.660B

IALLOWED TIME OF: 1.6ft
LDOS TIME OF: G.6M ADDITIONAL COST: 185017

CMT cMIn U 0B

CM CUE MAS 101W KAIi CMoi MOF TIN

116w FOIWISI 27,819 6.131 24 1.30
82 wF11103 [if 1,273 1.11 1 .1p 3 wI flmU 311Y 6.617 2 6.125

84 M V 11,P14 1.11" 2 1.123
no KU LEC 2,555 1.014 1 SKI

30 cii UiNSU 23,773 1.129 1 .175
67 we 1111 Off 4,536 1.124 I SK

Of im6ELC27 .1382 1.10

14 wei FAlI 7,636 0.32 32 1.01
to weI UTIL 16 39224 1.121 3 6.33
It 101 0 HYC 2,11 1.112 1 1.111

14 DN FuINITa 17,131 LP29 32 1.m1

IsgONA 4 1131111
1t Uw UI 98 3,9 1.2 3 3



UNIT NO. 21 CONTRACT NO. 920291
TITLE/LOCi Gym Addition Shaw AFB Sumter SC

BLDG TYPE: MODS *LD/DYx 205

ORIGINAL COST. 179890
FINAL COST. 1911294

COST FACTOR: 1.063

ORIGINAL t363ADDITIONAL CT. 120
FINAL CT% 4953CT DELAY FACTOR: 1.329

FINAL DURATION. 513
LD DAYS. 29IFINAL DF (OCT)v 1.465

FINAL DF (FCT)i 1.058

ALLOWED TIME DF3 1.95ILD'S TIME DFs 1.15 ADDITIONAL COST: 113294

UWITCAKSSX11

83 110 N I' 1.12 4 .t

a INF K T gAA 6 .1 .1

II noFINISH EXT 1.,223110

11 IS FNIH 1 29882 1.125 7 3.358
12 3IBM H9AC ;,5K 1.131 11 1.193
13 CUEI FINISH INT 1,578 1.114 5 1.142
14 CREI PAVIIK 13,216 1.117 1 3.933
15 INFO FLOUIN 2,924 1.126 5 1.142
16 CR11 FINISH INT 235 1.12 1 1.01

Total 1 113,284 1.18I 121 3.999



UNIT NO: 22 CONTRACT NO: 830269
TITLE/LOC: Waterfront Svcs bldg NS Charleston SC
BLDG TYPE: OFFC $LD/DV: 225

ORIGINAL COST: 0912163
FINAL COST: 0902014

COST FACTOR: 0.989

ORIGINAL CT: 270
ADDITIONAL CT. 38

FINAL CT: 308
CT DELAY FACTOR: 1.141

FINAL DURATION: 505
LD DAYS: 197

FINAL DF (OCT)t 1.870
FINAL DF (FCT): 1.640 '

ALLOWED TIME DF: 0.61
LD'S TIME DF: 0.39 ADDITIONAL COST: -10149

CRIIIAW DNwfS "JmR

I OWt NU inAS SUB RAS cost Z*DCOST TINE ZAKr
--- -~~--- ----------------------- --------- ----- ----

22 It TINE MEL SITE 2,414 -3.245 is 1.263
32 t11FO DINO 6,653 -6.656 23 1.615
13 CRE1 WIHIS -189 .157 3 Il. in .34 CRE1 UTIL BEN -1,563 1.154 1 1.3111
15 CR19 MILIG -452 1.164 0 8.381
36 CRER IL BEN -1,956 1.113 2 1.153
17 CREG FLOOR ING -4,338 1.427 3 1.179
go CREO FINISH EI? -9,193 1.915 1 1.11

Total: -13,149 3.999 39 1.81



UJNIT NO: 23 CONTRACT NO: 83018
TITLE/LOC: Child Care Ctr NAS Pensacola FL
BLDG TYPE: 1496 SLD/DY: 105

ORIGINAL COST: 079400
FINAL COST: 0860021

COST FACTOR: 1.083

ORIGINAL CT: 440
ADDITIONAL CT: 45

FINAL CT: 485UCT DELAY FACTOR: 1.102

FINAL DUIRATION: 485
LD DAYS: 0

FINAL DF (OCT): 1.102
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: 66021

Go''

CONTRACT CRANKS 9IIIMRY 5

I NG NAJ RN ulW COS1 WCOS IE UADC
23 NJ Sn EIAflHNORK 58,613 1.9845.11

32 ISBN EQUIP 7,418 1.112 1 U.KI

Total: 46,321 IN11 45 1.111



UIMIT NO: 24 CONTRACT NO: 8301873 TITLE/LOC: PSD Bldq NAS KinQsville TX
BLDG TYPE: OFFC SLr/DY: 95

ORIGINAL COST: 0635000
FINAL COST: 0651204

COST FACTOR: 1.026

ORIGINAL CT: 360
ADDITIONAL CT: 28

FINAL CT: 399
CT DELAY FACTOR: 1.078

FINAL DURATION: 390
LD DAYS: 0

NFINAL DF (OCT): 1.058
FINAL DF (FCT): 0.979

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: 18204

cWIRC7 CWASES JMARY

cm 01 viA REM Sme REMS COIN1CI91 TIRE ZADCI
--- ------------------ ----------- -----

24 at CUED [UT M01 11,267 LiSAI 7 .5
12 CUED LAISSfM 5IN UP3 3 L.34
63 TIDE lATNER 1 3.33 21 1.31
34 CUE WNUU 937 1.356 1 L.63

Total: 16,34 1.111 28 1.01

IA



UNIT NO: 25 CONTRACT NO- 3U~
TITLE/LOC: HQTRS PIda Charleston AFPI DBLDG TYPE: OFFC 'L'V 15

ORIGINAL COST: 7935727
FINAL COST: 2991078SCOST FACTOR: 1.019

ORIGINAL CT: 4t5
ADDITIONAL CT: 147

FINAL CT: 598
CT DELAY FACTOR: 1.314

FINAL DURATION: 598
LD DAYS: U

FINAL OF (OCT): 1.! 14
FINAL OF (FCT): 1.9ft

ALLOWED TIME OF: 1. M
LD'S TIME DF: 9.00 ADDITIONAL C'q-T: OY%-MI

CONTICT CWIKS 9

I DS rAJREA SO EAS S1 K057 TIN

DIN IS 11 3KW COST 23,369 T.1 71 . 4
uI ISO AESO 14,13 1.21 II 1.124

17 CRED ELEC 9,179 1.164 55 3.385

Total: 55,951 3.999 143 1.111



UNIT NO: 28 CONTRACT NO: 820324
TITLE/LOC: UEPH Improvements MCRD Parris Island SC
BLDG TYPE: MlODS $LD/DY: 215

ORIGINAL COST: 1035679
FINAL COST: 1024469

COST FACTOR: 0.989

ORIGINAL CT: 270
ADDITIONAL CT: 107

FINAL CT: 377
CT DELAY FACTOR: 1.396

FINAL DURATION: 377
LD DAYS: 0

FINAL DF (OCT): 1.398
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: -11210

CONTRACT CHANGES StJHIRY

# DoI mi REAS SUB REAS COST ZADCOST TIK IAI

--- - -

w TLGEN -1l1211625

13 TN 'ALX I Le 3fA T N[ SEL STE ILM I

Toal -11,21 1.01 11



7i4o-ft$5 W3 R STUY OF CONSTRUCTION CONTRCT DELFIYJ CUSES AND 313
I IIACTS(U) GEORGIA INST OF TECH ATLANTR SCHOOL OF CIVIL

ENGINEERING C N DARdKINS AUG 8? Wb229-85-0-324?
UNLSSIFIO / 0 5/1 M



1111 ~ 1" 1.2

IA .

MICRCOP REOUINTS-HR
NAl~LBUEA O SANARS 193A

I.IW NOW~--



UNIT NOv 27 CONTRACT NO: 911014
TITLE/LOCI UEP44 NAS Dallas TX
BLDG TYPE: HSG SLD/DYi 1029

ORIGINAL COST: 3012798
FINAL COSTs 3029941

COST FACTORs 1. SW09

ORIGINAL CT: 420
ADDITIONAL CT: 234

FINAL CT. 654
CT DELAY FACTORs 1.557

FINAL DURATION: 654

LD DAYS: U
FINAL DF (OCT): 1.557
FINAL DF (FCT)s 1.000

ALLOWED TIME DF: 1.00
LD'S TIME DFu 0.89 ADDITIONAL COST: 15341

UNIT NO. 27A CONTRACT NO: 811014
TITLE/LOC: UEPH NAS Dallas TX
BLDG TYPE: HSG SLD/DY: 20

ORIGINAL COST: 3012700
FINAL COST: 3029041

COST FACTOR: 1.005

ORIGINAL CT: 60
ADDITIONAL CT: 0

FINAL CT: 60
CT DELAY FACTOR: 1.000

FINAL DURATION: 156
LD DAYS: 111

FINAL OF (OCT): 2.600
FINAL DF (FCT): 2.600

ALLOWED TIME DF: 0.29
LD'S TIME DF: 0.71 ADDITIONAL COST: 15341

I 01 PAJ UEAS SE REAS COST Tim INE tAOCT

21 It COI ELE 4,171 L 311 11 3.343

32 weF WKS3 671 1.144 1 33331

10 711E VATL I&L 1 3.333 133 3.556

34 weF FP SYS 211 3.143 1 3

15 0m IWAC -1,133 -3.372 1 3.01
36 "ON IwA 9,34b .590 45 1.192
17 TIE IDEL SUN 1 1.3, 49 1.219

0 CRtIT JUT IAN -245 -1.11b 1 LowS

Total: 15,341 I.E. 234 O



UNIT INOi 28 CONTRACT NO, 911894
TITLE/LOCs Opo Trnci Facility MCAS Beaufoart SC
BLDG TYPE: INST SLD/DY: 160

ORIGINAL COST: 0827777
FINAL COST: 0845777

COST FACTOR: 1.922

ORIGINAL CT: 212
ADDITIONAL CT: 15

FINAL CT: 227
CT DELAY FACTOR: 1.971

FINAL DURATION: 221
LD DAYS: 0

FINAL DF (OCT): 1.042
FINAL DF CFCT)s 0.974

ALLOWED TIME DF: 1.09
LD'S TIME DF: O.0IJ ADDITIONAL COST: 18000

UIIrWC CHMUES =OffR

I CHBI WA REAS SUB REAS COST ZDCS7 TINE IADCT

29 31 NUo UTIL US6 4,1"1 1.222 5 1.333
12 MnFG ELEC 1,716 3.395 7 1.467
33 flU 1311NO 768 1.142 3 1.2H6
64 WIFO ELEC 6,433 1.337 1 3.336

363MO ELEC 1,263 L.37 I L.36
m 3563 ELEC 2$377 1.115 1 #.In
v7 SSN moWIN 1,753 L.37 1 L

TotAl: 1SUU L.9" Is 1.113



IUNIT NO3 29 CONTRACT NO: 830516
TITLE/LOC: Crew Bida Barksdale AFB Shreveport LA
BLDG TYPE: MODS $LD/DY: 235

ORIGINAL COST: 2107250
FINAL COST: 2146579ICOST FACTOR: 1.019

ORIGINAL CT: 365
ADDITIONAL CT: 98

FINAL CT: 463
CT DELAY FACTOR: 1.268

IFINAL DURATION: 449
LD DAYS: 0

FINAL DF (OCT): 1.230

FINAL DF (FCT): 0.970

ALLOWED TIME DF: 1.003LD'S TIME DF: 0.00 ADDITIONAL COST: 39329

I CONTRAMT CHANGES SUNRY

3CNNI NQ REAS SUB EAS COST WACOSI THEi L40CT

29 # o LANDSCAPE 2,3315 111
12 DN CO TE 673 .1 112

33 INFO UTIL GAS 179258 1.439 16 3.163
14 CRED FENINS 3,253 L.U3 33 3.316

15 NFD ROFING 2,317 1.151 3 3.11s
16 INo HYAC 3y3" 1.214 2 3.123
V7 3561 W ELEC 41728 1.121 11.1

ITotal: 39,329 1.11 to 3.999



IL

UNIT NO: 30 CONTRACT NO: 850529
TITLE/LOC: LoQistics Bldq NAS Dallas TX
BLDG TYPE: WHSE SLD/DY: 75

ORIGINAL COST: 0614092
FINAL COST: 9621281

COST FACTOR: 1.012

ORIGINAL CT: 180
ADDITIONAL CT: 22

FINAL CT: 202
CT DELAY FACTOR: 1.122

FINAL DURATION: 395
LD DAYS: 193

FINAL DF (OCT): 2.194
FINAL DF (FCT): 1.955

ALLOWED TIME DF: 0.51
LD'S TIME OF: 0.49 ADDITIONAL COST: 7189

CONTRAC CMANES SNNAW

I CHBI HII Em Si REAS COST ZAXOST TINE ZIOCT

31 1 UIFI FOUNDATION 4,423 1.615 14 |. 6I
12 U1F0 FOUNDATIDN -J225 4.171 1 1.145
13 lIFE WESE INC 39394 1.472 1 Lm3
4 ISBN LISNTINS 601 .m3 7 1.318

Total: 7,189 1.101 22 .WY



UNIT NOv 31 CONTRACT NO: 830499
TITLE/LOCs Trainina Bldq NAS Dallas TX
BLDG TYPE. INST *LD/DY. 55

UORIGINAL COST: 0390261
FINAL COST. 03902613 COST FACTOR. 1.000

ORIGINAL CT. 240
ADDITIONAL CT: 0

FINAL CT: 240
CT DELAY FACTOR: 1.000

FINAL DURATION: 2810
LD DAYS: 40'

FINAL DF (OCT): 1.167IFINAL DF CFCT)i 1.167

ALLOWED TIME DF: 0.96
LD'S TIME DF: 0.14 ADDITIONAL COST: 0

*- --- -- ----- - - ------- ---------

Total: U.1 Sil



UNIT NO: 32 CONTRACT NOs 830195
TITLE/LOC: PW Shops NAB Kinqsvil1m TX
BLDG TYPE. WHSE SLD/DYu 135

ORIGINAL COST: 1407000
FINAL COST: 14 17599

COST FACTOR: 1.008

ORIGINAL CT: 365
ADDITIONAL CT: 14

FINAL CT: 379
CT DELAY FACTOR: 1.038

FINIAL DURATION: 379
LD DAYS. U

FINAL DF (OCT): 1.038
FINAL DF (FCT)s 1.0O0

ALLOWED TIME DF: 1.00
LD'9 TIME DFt 0.00 ADDITIONAL COST. 1059

CONTRACT OWSS UIUAly

I 16 UHI AJ REMS U REA$ CIII ZU1COST THE UACT
-- - -- - - - -- - -- - --

32 It VALE PAVING -1,316 -1.124 3 1.10
12 m96 LANSCA 1,213 1.115 1 1.00

63 CMI IFT NCR 18,667 1.118 14 1.1011

Totals 11,2Y 1.11 14 1.01



UNIT NOs 32A CONTRACT NO: 830185
TITLE/LOC PW ShoPs NAS Kinqsville TX
BLDG TYPE. WHSE $LD/DY: 10

ORIGINAL COST. 1407000
FINAL COST: 1417589

COST FACTOR. 1.008

ORIGINAL CT: 30
ADDITIONAL CTi 14

FINAL CT. 445CT DELAY FACTOR. 1.467
FINAL DURATION: 44

LD DAYS. 0
FINAL DF (OCT): 1.467
FINAL DF (FCT). 1.000

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: 10589

UNIT NO: 329 CONTRACT NO: 830185
TITLE/LOC: PW Shoos NAS KinQsville TX
BLDG TYPE: WHSE $LD/DY: 25

ORIGINAL COST: 1407000
FINAL COST: 1417589

COST FACTOR: 1.008

I ORIGINAL CT: 60
ADDITIONAL CT: 14

FINAL CT: 74
CT DELAY FACTOR: 1.233

FINAL DURATION 176
LD DAYS: 102

FINAL DF (OCT): 2.933
FINAL DF (FCT): 2.378

ALLOWED TIME DF: 0.42
LD'S TIME DF: 0.58 ADDITIONAL COST: 10589

I!



UNIT NO 33 CONTRACT NO: 830091
TITLE/LOC: Gen'l Warehouse NCBC Gulfport MS
BLDG TYPE: WHSE SLD/DY: 420

ORIGINAL COST: 3213958
FINAL COST: 3234844

COST FACTOR: 1.006

ORIGINAL CT: 480
ADDITIONAL CT: 99

FINAL CT: 579
CT DELAY FACTOR: 1.206

FINAL DURATION: 579
LD DAYS: 0

FINAL DF (OCT): 1.206
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: 20886

CONTRACT CHAN6S SUWARY

I MI RAJ lEAS NO lEAS COST ZADCOST TIE 1AIC

|1 UNFO EARTHIORK -29371 -1.114 1 6.gU
32 wIFO EARTHNORK 8,954 1.429 7 1.171
|3 welO 5TORN SENER 2S|31 1.197 6 1.16134 ISBN ELEC 6I 1.133 3 1.0
|5 ISBN PAVING 11,563 3.555 6 1.869

5 Total: 219881 1.UI 99 1.|1

,I
,



UNIT NO: 34 CONTRACT NO: 800355
TITLE/LOC: Rel Ed Facility NAS Jacksonville FL3BLDG TYPE: OFFC SLD/DY: 95

ORIGINAL COST: 0727000
FINAL COST: 0737559

COST FACTOR: 1.015

ORIGINAL CT: 300
ADDITIONAL CT: 26

FINAL CT: 328gCT DELAY FACTOR: 1.093

FINAL DURATION: 328
LD DAYS: 0

FINAL DF (OCT): 1.093

FINAL DF CFCT): 1.000

ALLOWED TIME DF: 1.00

LD'S TIME DF: 0.00 ADDITIONAL COST: 10559

CONTRACT CHANGES SUMMARY

# CUG 1W REAS SUBD REAS COST 1ADCOSI TIME 1ADCT

34 it DUN UTIL GEN 336 3.329 1 1.111
12 IFO LANDSCAPE 32 1.143 1 3.334
33 UNFO LANDSCAPE 11119 1.116 2 1.171
34 CREG IT ARCH 10776 1.168 2 L.97
1 5 t1NED INI ARCH 936 3.389 4 3.143u Ism EL 1,164 1.131 7 1.251
17 UNFO FINISH EXT 4,954 1.441 12 3.429

Total: 13,559 1.111 29 1.0



IUNIT NO% Z3 CONTRACT NO: e48872
TITLE/LOC: Hqtrs Facility NAS Key West FL5BLDG TYPE: MODS $LD/DY: 115

ORIGINAL COST: 0949860
FINAL COST: 1080055

COST FACTOR: 1.137

ORIGINAL CT: 240
ADDITIONAL CT: 78

FINAL CT: 318
CT DELAY FACTOR: 1.325

UFINAL DURATION: 302
LD DAYS: 0

FINAL DF (OCT): 1.258

FINAL DF (FCT): 0.950

ALLOWED TIME DF: 1.00

LD'S TIME DF: 0.00 ADDITIONAL COST: 130195

CONTRACT CHANGES SMMARY

M DG NAJ HEAS SW HAS COST ZAICOST TINE ZADCT

35 31 UNFO SENO 23,412 8.157 14 1.179
32 DSIE FP 9TS 33, 136 1.255 33 1.385
33 9MN ELEC 11,397 3.395 to 3.129
34 351W IUAC 33,591 1.258 if 1.128

16361 CAR 26,427 1.233 14 1.179
IsmW UTIL GEN 11,344 1.397 3.3111

7 111 0 CARP -5,882 -1.345 1, 1.333

Total: 133,195 1.318 79 3.999



UNIT NO: 36 CONTRACT NO: 850126
TITLE/LOC: Family Svc Ctr NAS Beeville TX
BLDG TYPE: OFFC $LD/DY: 65

ORIGINAL COST: 0396000
FINAL COST: 0416072

COST FACTOR: 1.051

ORIGINAL CT: 300
ADDITIONAL CT: 62

FINAL CT: 362
CT DELAY FACTOR: 1.207

FTNAL DURATION: 376
LD DAYS: 14 .'A

FINAL DF (OCT): 1.253 ^w
FINAL DF (FCT): 1.039

ALLOWED TIME DF: 0.96
LD'S TIME DF: 0.04 ADDITIONAL COST: 20072

*..d.J

MRNIRICT CHAIGES SUNARY

I CR61 HAJ REAS SUI REAS COST ZADCOSI TIRE ZADCT
- ---------------- -- - - - - - -

3u 11 UNFO EARINNORK 2$413 3.121 3 1.333

12 ma110 STORK SEVER 12,323 3.624 I1 1.161

13 CIRI JIIT ARCH 5,146 1.254 52 1.839 ,. ,,.

Total: 21,172 1.Ul 62 1.0E

I 



5UNIT NO: 37 CONTRACT NO: 850099
TITLE/LOC: Child Car-e Ctr Barksdale AFB Shreveport LA
BLDG TYPE: MODS $LD/DY: 73

ORIGINAL COST: 0740000 p
FINAL COST: 07489813COST FACTOR: 1.009

ORIGINAL CT: 270
ADDITIONAL CT: 33UFINAL CT: 303

CT DELAY FACTOR: 1.122

IFINAL DURATION: 303
LD DAYS: 0

FINAL DF (OCT): 1.122
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: 6981

10.

CONTRACT CHANGES SUNRARY

I CH6# 114 REAS SUD REMS COST ZADCOS7 TIME ZAOCT

37 61 ISBN EARTHWORK -1,471 -1.211 1 3.333
12 ISO CONCRETE 781 L.112 1 1.10
63 THNE WEATHER 1 *.1U 33 Lug
34 CRIT FP SYS 7,1N LW13 U 3.333

Total: 472 1 n 31.1

4,INV

Jx.jL .V A jh



UNIT NO: 39 CONTRACT NO: 63018
TITLE/LOC: Ops Trnci Facility NAS Corpus Christi TX

BLDS TYPE: MODS SLD/DY: 90

ORIGINAL COST: 0574000
FINAL COST: 0580860

COST FACTOR: 1.012

ORIGINAL CT: 300IADDITIONAL CT: 42
FINAL CT: 3423 CT DELAY FACTOR: 1. 140

FINAL DURATION: 342
LD DAYS: 0

FINAL DF (OCT): 1.140

FINAL DF CFCT): 1.000

ALLOWED TIME DF: 1.00IILD'S TIME DF: 0.00 ADDITIONAL COST: 6960

U CONTRACT CNAXIES %WINARY

I CK AJ AS S03 REAS COST ZAUCOSI TINE MADI

30 11 PEG FINISH INT 4,UY 1.584 7 13
12 CREO ELEC 2,951 3.416 35 1.833

Total:1 6,63 1.3K 42 1.$"

I



UNIT NO. 39 CONTRACT NO: 930194
TITLE/LOCs Fleet Trnq Facility N8 Mayport FL
BLDG TYPE. INST *LD/DY: 150

ORIGINAL COST: 0703920
FINAL COST. 0740704

COST FACTOR. 1.052

ORIGINAL CTt 270
ADDITIONAL CT. 57

FINAL CT. 327
CT DELAY FACTOR: 1.211

FINAL DURATION: 327
LD DAYS% I

FINAL DF (OCT): 1.211
FINAL DF (FCT): 1.00

ALLOWED TIME DFu 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: 36784

CINRACT CMNSES SUMMY

3 N 011 AJ REU 31 REM CmS ZAImS TINE ZIOCT

39 It mS urn SEN 15, 241 L.414 3 L633
a2 INo EUlTMK 17,344 3.44 11 1.193
13 CKIl JUT ARCH 1,921 1.012 1 1.111
64 CR11 ELEC 1,561 1.142 to 1.175
35 TIME PTL EL I L111 33 1.579
66 ISBN WKA 964 1.127 1 1.10

Total: 3U,734 Lm9 57 I.111



UNIT NO. 40 CONTRACT NO: 810983
TITLE/LOCs Gen'l Warehouse NAF Mayport FL
BLDG TYPEs WHSE $LD/DY: 419

ORIGINAL COST. 3791000
FINAL COST. 3918447

COST FACTOR: 1.034

ORIGINAL CT: 450
ADDITIONAL CT. 102

FINAL CT: 552
CT DELAY FACTOR: 1.227

FINAL DURATIONs 566
LD DAYS. 14

FINAL DF (OCT): 1.258
FINAL DF (FCT)i 1.025

ALLOWED TIME DF: 0.98
LD'S TIME DFs 0.02 ADDITIONAL COST: 127447

CONTRACT CHANGS SWHARY

I CHOI 3A REAS SR REAS COST ZADCOST TIM ADCT

4 1 IFo SIRUCT 9,838 1.177 1 3.3IO
12 I6 $TOM SELER 3910 1.125 7 3.369
13 CRIT EL[C 7,110 1.155 7 1.169
04 ClIT DOOR$ 39111 1.124 3 1.129
15 CUE LISITINS EIT 64,543 1.516 21 1.216
36 DU5 FINISN INT 936 LI I Ill
67 DU HC 1,624 i.N8 1 3.11

=SIN EATHIOK 2,714 1.121 5 6.649
I? CRlT EARTHORK 25,996 1.214 14 1.137
is UIFO ELE 1,634 1.113 10i
11 UNFO ELEC 1s362 l.311 1 3L33
12 UFO MY ELEC 7,439 0.158 45 1.441
13 KU61 FP SYS -3,530 -1.127 I I.I60
14 tWO UTIL EN 2,101 1.117 I I.111

Total: 1 27,447 3.999 132 1.i3



UNIT NOt 41 CONTRACT NO: 840446
TITLE/LOCs Avionics Snop Addition NARF Jacksonville FL
BLDG TYPE: WHSE *LD/DY: 95

ORIGINAL COST: 0667203
FINAL COST: 0679971

COST FACTOR: 1.019

ORIGINAL CT: 300
ADDITIONAL CT: 145

FINAL CT: 445
CT DELAY FACTOR: 1.4e3

FINAL DURATION: 445
LD DAYS. 0

FINAL DF (OCT): 1.483
FINAL DF CFCT). 1.000

3ALLOWED TIME DF: 1.00

LD'S TIME DF: 0.00 ADDITIONAL COST: 12768

CONMRC7 CHANGES SUWIARY

UI CHOI rAJ REMS SW REAS cost XAOST TIE ICT
----- -- - -- ---- ---- - - - - - - - --------- -- - - -

41 it I01 DoRS 96k 1.176 1 l.IE
1 2 SF0 ROOING 99 1.178 5 1.134
63 UFO STIDII SENER 2,269 1.178 1 1.UE
14 piSB 51W7 3t786 1.297 4 1.128Iis D=N am( SEER 2,443 1.191 2 1.114
36 UNo CONCRETE 276 3.321 1 1.117
V7 DEN III ARCH 1,592 1.125 91 8.621
18 IS WFD CONCRETE 451 1.135 43 1.297

Total: 12,769 1.631 145 1.1



IUNIT NO: 42 CONTRACT NO: B10109
TITLE/LOCs AC Plaint. Facilities NAS Cecil Field FL
BLDG TYPE: MlODS SLD/DY: 135

ORIGINAL COST. 1392500
FINAL COST: 19619295COST FACTOR. 1.409

ORIGINAL CT: 365
ADDITIONAL CT: 405

FINAL CT: 770
CT DELAY FACTOR: 2.110

5FINAL DURATION: 770
LD DAYS: 0

FINAL DF (OCT): 2.1103FINAL DF (FCT)z 1.000

ALLOWED TIME DF: 1.003LDIS TIME DF: 0.00 ADDITIONAL COST: 569429

5 CUOMIAT CLUES IMAY

I CHSI HAJ REAS SIB REAS COS ZAICOS TINE ZAUCT

U42 W1 DUN ELEC 119569 1.113 1 3.8111
12 39114 1011141 6,149 1.311 1 3.1141
33 JUBN FP SYS 39703 1.37 2 11.10
IN I I S3O ROWING 21111 1.334 U 1.393
a SUN UTIL 6EN 9,397 1.814 5 1.112

m6De CAW 1,737 3.1113 1 1.1111
7 SUN INT ARCH 1,444 1.1113 3 3.310

11 Ism91 ELEC 779 3.331 3 1.397
v9 UNO CUIr'ETE 1,544 3.113 2 3.115
13 DUNK 1I ARCH 1,o3 L1113 3 1.112311 SUN FP SYS 17,137 3.3 7 1.117
12 rSB FINISH IT 929 1.132 3 3.333
13 39GM LIGHTING 3,314 3.186 5 1.112
14 1311 INT ARCH 1$211 1.132 1 1.1111I15 ISBN IET ARCH 1,134 3.112 1 3.112
16 MfEg INT ARCH 299,432 L.57 193 1.444
17 JUBN ELEC 17938 1.331 3 .866
is 13 SN ELEC 3,3K6 3.3113 1.31
19 CR11 HVAC 193, 3.334 193 1.444
23 CNlT ELEC 7,6114 3.313 5 1.112521 CR11 DOORS 11173 1.112 to 3.825

Total: 569,429 1.102 415 1. 997

DOV



UNIT NO. 43 CONTRACT NO: 810440
TITLE/LOC, Base CE Facility Shaw AFB Slumter SC

BLDG TYPE. OFFC $LD/DY: 535IORIGINAL COST: 4453000
FINAL COST. 4778153ICOST FACTOR. 1.073

ORIGINAL CT: 520
ADDITIONAL CT: 371

FINAL CT: 891
CT DELAY FACTORt 1.713

FINAL DURATION: 991
LD DAYS. 0

FINAL DF (OCT): 1.713
FINAL DF (FCT)i 1.000

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: 325153

CONTRACT CHANSES SWPURT

I Ngg u SOR WIEAS COST ZAIOS7 TINE hUKl

43 81 INFO UTIL U6 13,535 1.342 14 3.3
32 noU FuDIRIK 19,33 3.33 1 1.01
33 0563 3MRS 403 3.331 1 3.111
34 IeD MIL 601 -3V3VO -. 32 1 3.3111
35 UNFO TIL BEN 2g153 1.1116 1 1.191
36 WF3 IlL HN 7,50 1.123 12 1.132
17 CUED FINISH JUT 3,4"3 3.111 9 1.124
a UIIFI UTIL SEN 6,938 1.121 29 3.171
39 UFEO FINISH INT -691 -1.112 1 1.1
1s UNFO PSAVIE 19,773 1.161 13 1.135
11 ism NY ELEC 35576 1.326 3 o.32m
12 OSm EQUIP 3,543 1.111 11 3.33
13 UNED IWAC 1,933 3.334 3 3.138
14 UNFO I ELEC 1,33 3.113 2 3.135
15 1563N UTIL SEN 35 .331 1 1.111
th CRI III ARCH 113,30 1.339 19 3.31
17 IED ASBESTOS 125,118 1.384 251 1.677
3 no FP SYS 1,646 1.135 3 3.310
19 CREG LNICAFE 6110 1.311 1 3.113
23 UweI FINISH INT 39233 3.313 1 3.333

Total: 3259153 3.999 371 1.101



IUNIT NO. 44 CONTRACT NO: 800403
TITLE/LOCs AC Maint Hanqor NAS Dallas TX
BLDG TYPEs HNOR SLD/DY, 305

ORIGINAL COST: 3065466
FINAL COST: 3350165

COST FACTOR: 1.093

ORIGINAL CT: 455
ADDITIONAL CT. 274

FINAL CT: 729
CT DELAY FACTOR. 1.602

3FINAL DURATION: 634
LD DAYS: 0

FINAL DF (OCT): 1.3933FINAL DF (FCT). 0.870

ALLOWED TIME DF: 1.003LD'S TIME DF: 0.00 ADDITIONAL COST: 284699

CONRAI CHANGES SU116V
I 16 naB# RAEAS SUBt REAS COST MUSTI TIRE ZAOT

44 $ UF OUI3N 9 .119 1 1.101
12 II QIITN23,394 1.172 24 3.39"

13 TN ETE .3K 17 9.842
64 UFOFUNAIO 393 .194 21 1.377
IS3mSRIT83 .329 6i 1.219
u o IN RC 5911 1.559 111 1.415

3 I#EE ,1 .331 18 1.1161
18 DSN IN AC U523. 1" 21 0.177
v w ?SS11 -1.812 3 l.I1

Total: 219"1.331 274 1.101

112 .



UNMIT NO: 45 CONTRACT NO: 820245

TITLE/LOCs Applied Inst. BldQ NTC Orlando FL.
OLDS TYPE: INST $LD/DYs 415

ORIGINAL COST. 4694000
FINAL COST: 5235684

COST FACTORi . I*76

ORIGINAL CT: 520
ADDITIONAL CTt 198

F FINAL CT:s 710
CT DELAY FACTORi 1.365

FINAL DURATION: 640ILD DAYS: U
FINAL DF (OCT): 1.2313FINAL DF (FCT)s 0.901
ALLOWED TIME DFx 1.063LDIS TIME DFs 6.66 ADDITIONAL COST: 341664

UCUNTW7C CHANES SSARY

II 061 EAJISU WIUW COST U0CIST TINE ZACT

45 It CREG SRWIE~. RED 73,133 1.229 115 3.m1
32 INF1 DEMO 1,114 1.126 1 1.UI
13 so9 CONCRETE 1,921 11.106 1 1.
14 Ism1 fN 2,371 1.36v 1 11.11
a 39N inTon 13107 L3.3 I L~m
3t ow9 ITIL DEN 45,357 1.132 1 111I I CREG SOIEDILE REV 49,36 3.144 1 1.1U
IN CRED INT ARCH 49,91 1.144 21 1.111
39 we ELEC 24,6M 8.172 1 lIE11
Is INFO KATNER 3ANAE 13,3m 3.3 34 3.179
It INFO HYAC 31,437 L.39 23 1.115
12 CRIT STINICT 3,592 1.111 1 Lm313 191111 FINISH INT 23,233 11.1161 1 .11

Total: 341,634 .111 1"1 .101

~ ''~~ V.V '"~~ILI .



UNIT NOr 46 CONTRACT NO, 810346
TITLE/LOCs Opo Trnq Facility NS MayPort FL
BLDG TYPE. INST *LD/DY: 565

ORIGINAL COST. 5219022
FINAL COST: 7115617

COST FACTOR. 1.363

ORIGINAL CT. 540
ADDITIONAL CT: 257

FINAL CT: 797
CT DELAY FACTOR, 1.476 

.:

IFINAL DURATION: 797
LD DAYS. 0

FINAL DF (OCT): 1.476

FINAL DF (FCT)s 1.000

ALLOWED TIME DF: 1.00

LD'S TIME DF: 0.00 ADDITIONAL COST: 1896595



CONTRACT CHAISS SURRARY

I C63NA l EAS SB EA COIT IAICUST T IRE ZADCT

46 111 ISBN UTIL EN 633 1. 101 1 1. in
32 ISBN IIIL IN 9,517 1."5 * 1.101
3w ISBN ELEC 935 1.101 1 1.111

35 UNFO FOUNDATION 9,337 3.115 1 1.111 .

66 UNFO FOUDATION 235,9"1 3.110 111 1.428
is CIIT IT ARCH 43,790 1.323 3 1. in
19 ISBN FINISH 111 1,441 8.111 1 1.333
13I CRIT ELEC 3,469 1. 112 3 1.8111
I1 I 56W UlIL SEX 1,755 3.331 I L.33
12 ImU IW 13,616 3.116 1 I.fS
13 CR11 EARTH=I 13,223 1.111 1 Low3
15 MFG UTIL US 24,146 1.113 3 11.1111
16 CRIT LIBUTINS Ell 27,166 3.114 3 1.33
17 ISBN FP SYS -61 -1.611 1 E.l
to SCPE AID ARCH SCOPE 139,468 1.874 121 1.471
19 CREG ELEC 7,737 LIN1 1 11.1111
23 CR11 INT ARCH 31s571 3.616 26 1.111 .
21 LIT ELEC 2,522 6.1111 1 1.1111
22 owB Dom 751 1. no 1 1.181
23 Isom INT NoI 516 1.163 1 #.1111
26 CR11 EARTHIVORK 13,21.669 3 3.63
27 CRIT UTI. BEN 12,262 6.336 3 1. No
23 CREO IT ARCH 23,768 1.115 6 LOSS

3 CHIT ELEC HYAC 564,39 L.29 1 1.310
31 ISBN )IYA 1,971 1.111 1 6.633
32 CRIT STORN SEW 17,566 8.119 1 Low3
33 weW YA 1,1513.1 663
34 CR11 EARTHWORK 119,342 1.162 3 11.103
36 ISBN HYAC 746 1.113 1 8. in
37 UNFO ELIINP (86) 113,80 1.161 3 1.31
36 (INFO (IYA 4,936 3.333 1 3*13-2
39 DUGN ELEC 1,217 3.181 1 $.1111
46 CR11 ELEC 2,547 1.811 1 1.101
41 ISBN IUT ARCH 962 1.331 1 3. me
42 ISBN LANDSCAPE 3,571 1.142 1 LIN3
43 DUEN IlAC -6,225 -1.113 1 3.3011
44 (INFO HYAC 9,199 3.135 1 I.33 BI

46 CLxE SThUCT ELMC 51,685 1.327 3 3.1111
47 KuB 167 ARCH -42,477 -1.322 3 6.13..M ~
4 ISSN ELEC -42,666 -1.122 3 3.3 me
49 C~LN IELlINP (66,18,21) 387,3361 3.234 6 L1111

Total: 1,896,595 1.3112 257 1.3me

1P.P a '



UNIT NO: 47 CONTRACT NO: 610800

TITLE/LOC: Family Svc Ctr NAS Corpus Christi TX

BLDG TYPE: OFFC SLD/DY: 65

ORIGINAL COST: 0410900
FINAL COST: 0405052

COST FACTOR. 0.96

ORIGINAL CT: 280
FDITINAL CT: 25

AD ITINAL CT: 25
CT DELAY FACTOR: 1.982

FINAL DURATION: 315
LD DAYS: 0

FINAL DF (OCT): 1.125
FINAL DF (FCT): 0.568

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: -5848

CONTRACT CHANES SWIVAR

I CNN# IN REAS SU3 REAS COST XADCOST TIRE %ADCT

47 31 DSGN EARTHNORK -1911.335 1 .6
32 VALE STEUCT -1,367 1.319 1 LIN6
63 D86N U71L EN -3,16 313 1 L.16

35 ism3 CARP 88-1.118 1 1.31

b TIME GIEL SITE L 361 33 1.109
17 UNFO HYAC 269-1.439 245 1.391

Total: -5,849 1.999 275 1. me



UNIT NO: 46 CONTRACT NO: 810020
TITLE/LOC: Maint Hanger Addition MCAS Beaufoart SC
BLDG TYPE: HNGR $LD/DY: 305

ORIGINAL COST: 2457000
FINAL COST: 2930457
COST FACTOR: 1.193

ORIGINAL CT: 360
ADDITIONAL CT: 281

FINAL CT: 641
CT DELAY FACTOR: 1.781

FINAL DURATION: 641
LD DAYS: 0

FINAL DF (OCT): 1.781
FINAL DF (FCT): 1.000

ALLOWED TIME DF: 1.00
LD'S TIME DF: 0.00 ADDITIONAL COST: 473457

CONTRACT CHANSES SUMAY

1 HE 016 MREAS M UEAS COST ZACOST 7INE IADCT

41 It Cli UTIL GEN 3$345 LN7 2 LN7
32 TINE GmEL Slm I ILm 13 LOU3
33 mlB UTIL UAS -2,252 -I.NS 1 1.114
14 UNo FP SYS 1,377 1.02 2 ELN
1S UFO tTIL SEN 99522 3.321 1 Lm
I& INFO UTIL US 9,241 1.123 117 3.731
37 CUIR ACCELERATION 452,524 1.956 69 1.246

Totals 473,457 1.3K 231 iK. 1
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