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A.  INTRODUCTION

Over the next three years, six of the larg-
est cities in California are expected to
award nearly $6 billion dollars in pub-

lic works infrastructure construction contracts.
These municipalities are building roads and
transportation systems, sewer and water infra-
structure, municipal facilities, libraries, parks and
recreation facilities, animal shelters, fire stations,
bridges, seismic retrofits, bikeways, storm drains,
and other facilities.

While $6 billion dollars for public works im-
provements is a significant amount, it does not
represent the entire infrastructure cost.  There
are additional, significant costs - over and above
construction - to deliver these projects.  The costs
associated with the project delivery process - plan-
ning, design, environmental documentation,
value engineering, permits, construction man-
agement and startup - are influenced by many
factors such as project size and complexity, new
construction vs. rehabilitation, internal organi-
zation, project prioritization, clear guidelines, and
more.

With all of this construction on tap in Califor-
nia, would it be possible - and beneficial - for
cities to collaborate, pool their knowledge and
experience on these cost-influencing factors, then
benchmark their project delivery processes so
they can learn from each other's successes, while
keeping project delivery costs to a minimum?
The answer found in this report is a definite yes.

In October 2001, the City of Los Angeles, De-
partment of Public Works, Bureau of Engineer-
ing initiated a benchmarking study through the
cooperative effort of individuals responsible for

the development and implementation of Capi-
tal Improvement Projects (CIP) in six of the
larger California cities. The objective of this study
was to provide a general analysis of the efficiency
of capital project delivery systems within vari-
ous agencies in California, based on the observed
performance and the processes implemented over
the last five years.

The California Multi-Agency CIP
Benchmarking Study is the beginning of a
planned cooperative and continuous
benchmarking study that may eventually include
other agencies throughout the State of Califor-
nia.  The following agencies participated in the
first phase of the study:

� City of Long Beach, Department of Public
Works

� City of Los Angeles, Department of Public
Works/Bureau of Engineering

� City of Sacramento, Department of Public
Works

� City of San Diego, Engineering & Capital
Projects

� City & County of San Francisco, Depart-
ment of Public Works / Bureau of Engineer-
ing / Bureau of Architecture / Bureau of Con-
struction Management

� City of San Jose, Department of Public
Works

This benchmarking study report is the result of
the first year of collaboration among these six
member agencies.  The study examined process
benchmarks, focusing on business processes (the
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approach to managing Capital Improvement
Projects (CIP) in the individual agencies).  The
study also examined performance benchmarks -
consisting of developing comparative data on
costs and schedules of projects from the partici-
pating agencies.

The team identified 15 common best manage-
ment practices (Table A) currently used by vir-
tually all six participating agencies.  The six agen-
cies identified 24 recommended best manage-
ment practices (Table B) that should be imple-
mented to deliver high quality projects faster and
at lower cost, based upon an analysis of process
benchmarking.

This is intended to be a continuing study, and
future phases are expected to refine and improve
the conclusions and recommendations as addi-
tional project data is provided.  An annual up-
date of this report is planned.

B.  STUDY METHODOLOGY

This study was conducted in four stages.

1. General information was collected from the
agencies during the first stage.  The study
team identified general criteria for perfor-
mance and process data collection (project
categories and phases, performance curves,
and process categorization) based on infor-
mation availability and agencies' expecta-
tions.

2. The focus of the second stage was the collec-
tion and analysis of data on the processes used
to deliver capital projects.  Ninety-eight in-
cremental processes related to project deliv-
ery were identified and evaluated.

3. The third stage of the study emphasized per-
formance data collection (primarily costs and
schedules), data compilation into the project
database, and development and optimization
of performance curves (graphs that relate the

cost of construction to the various costs of
project delivery).  Performance data on a to-
tal of 239 projects with a total construction
value of over $490 million was used to de-
velop the comparative performance
benchmarking curves (graphs) for munici-
pal facilities, streets, and pipe systems show-
ing percentage of design, construction man-
agement, change orders, and overall project
delivery costs, compared to total construc-
tion costs.

4. The fourth stage of the study consisted of
review and discussion of performance and
process benchmarking outcomes.

C.   CONCLUSIONS OF PROCESS

BENCHMARKING: BEST

MANAGEMENT PRACTICES

The gathering of executive level technical staff
from six major cities to share information about
costs and openly discuss the effectiveness of their
capital project delivery methods is practically
unprecedented.  As noted above, ninety-eight
processes associated with the effective delivery
of capital projects were identified, discussed, and
evaluated by the agency representatives in an ef-
fort to develop the ability to benchmark capital
improvement projects in the industry.

The process benchmarking exercise resulted in
the identification of 15 best practices currently
being employed by most agencies.  The partici-
pating agencies also agreed on an additional 24
best management that are recommended to im-
prove project delivery.  See Tables A and B be-
low.
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* Reference to the corresponding question in the process questionnaire in Appendix C (pp. C-2 - C-7)

Table A – Common Best Management Practices

Process Category Ref.* Common Best Management Practices

1.a. Capital projects are well defined with respect to scope and budget at the
end of the planning phase

1.f. There is a Master Schedule attached to the CIP that identifies start and
finish dates for projects

Planning

1.i. Projects shown on a Geographical Information System

2.d. Designers are required to provide a work plan or design schedule prior to
design startDesign

2.g. Designs are done on 2D CAD systems

3.I.d. Agency uses standard forms for RFI's, Change Orders, Pay Applications,
Field Clarifications, Minutes of Meetings, etc.Quality Assurance

/ Quality Control
3.III.g. Inspectors are trained and, when required, certified

4.I.f. A change order contingency is set aside at the start of the project.
Construction
Management

4.I.d. A formal change order process is in place, which defines all forms and
methods necessary to finalize change orders

5.1.d. A Project Manager is assigned to every project

5.1.e. Project Manager has "cradle to grave" involvementProject
Management

5.III.a. A standard Project Control System has been adopted by the Agency and
is in use on all projects

6.h. The consultant selection process is qualification based

6.c. A Standard Consultant contract is included in the RFQ/RFP
Consultant

Selection
and Use

6.f. An Annual RFQ/RFP solicitation is used to develop an on-call list of pre-
approved consultants
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*Reference to the corresponding question in the process questionnaire in Appendix C (pp. C-2 - C-7).  N/A indicates that the
recommended best management practice was the outcome of the team discussion and did not appear on the process
questionnaire.

Table B – Recommended Best Management Practices

Process
Category

Ref.* Recommended Best Management Practices

1.b. Complete Feasibility Studies on projects prior to defining budget and scope

1.d. Have a Board/Council project prioritization systemPlanning

1.e. Provide resource loading for projects listed in the CIP for design and
construction

2.f. Define requirements for reliability, maintenance, and operation prior to design
start

2.b. Provide a clear, precise scope to designers prior to design start

2.i. Adapt successful designs to project sites, whenever possible (e.g. fire stations,
gymnasiums, etc.)

Design

N/A Develop and use Green Buildings Standards

3.III.a. Use a formal Quality Management System

3.I.a. Develop and use a standardized Project Delivery Manual

3.II.b. Perform a formal Value Engineering Study for projects larger than $1,000,000

Quality
Assurance /

Quality
Control

3.III.b. Perform and use Post Project Reviews for lessons learned

4.IV.a. Involve the Construction Management Team before completion of design

4.I.g. Set aside 15% for construction change order contingency

4.I.a. Delegate authority to the City Engineer / Public Works Director to approve
change orders to the contingency amount

4.I.m. Classify types of changes

4.II.a. Include a formal Dispute Resolution Procedure in all contract agreements

4.III.a. Use a team building process for projects greater than $5 million.

N/A Delegate authority for Change Order approval to the departments, in order to
reduce paperwork

N/A Establish award limits for construction to support award by the director without a
Board approval

Construction
Management

N/A Establish a pre-qualification process for contractors for large complex projects

5.I.f. Assign a client representative to every projectProject
Management 5.II.a Provide formal training for Project Managers on a regular basis

6.e. Delegate authority to the PW Director/City Engineer to approve consultant
contracts under $250,000, when a formal RFP selection process is usedConsultant

Selection
and Use 6.g. Implement and use a consultant rating system that identifies quality of

consultant performance
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D.  CONCLUSIONS OF PERFORMANCE

BENCHMARKING

The following performance benchmarking con-
clusions were based on an analysis of project data
provided by the six participating cities:

� The percentage of design costs decreased with
the increasing size of the projects.  For 210
projects with total construction cost of
$100,000 or more1 (out of the total 239
projects), design costs vary between 0.6%
and 78% of total construction costs, with an
average of 18%.

� The construction management costs as a per-
centage of total construction costs decreased
as the total construction costs increased.  For
210 projects larger than $100,000 total con-
struction cost have construction manage-
ment costs between 0.2% and 48%, averag-
ing 14% of total construction cost.

� Based on  the performance data, total project
delivery cost (total design cost and construc-
tion management cost), for 210 projects
larger than $100,000 total construction cost,
ran between 5% and 111% of the total con-
struction cost with an average of 32%.

Benchmarking related to the costs of change or-
ders and project durations was harder to quan-
tify because several factors greatly influenced
these two project delivery areas.  For example,
some cities directed contractors to make changes
to the project using the change order contingency
(owner-directed), which could drive up change
order costs dramatically compared to cities that
used change orders only for changed conditions
and design changes.

Regarding Project duration, no correlation was
identified during the performance benchmarking
effort between total construction cost and total
project duration.  This may be due to inherent
differences in the business processes during the
planning, bid and award, and closeout phases.

Great variability exists in these two categories,
and as a result the information contained in this
report about change orders and project duration
is for information purposes only.

Table C follows and shows project delivery costs
for Capital Improvement Projects with known
construction values.  As more data is collected,
Table C can be improved and the statistical va-
lidity of the models will be enhanced.  The con-
clusions of the performance study may then be
used as approximate "guidelines" to predict as-
sociated costs for a Capital Improvement Project.

E.  LESSONS LEARNED

The study team succeeded in collecting and
graphing performance data and identifying and
targeting recommended best management prac-
tices for implementation.   As a result of meet-
ings, discussions, review and analysis of the per-
formance data trends and outcomes of process
benchmarking, the following lessons were
learned:

� Best management practices were intuitively
identified after review, discussion, and evalu-
ation of current project management and de-
livery processes used by the agencies.  The
project team consisted of senior managers
from California's largest cities, and collec-
tively, represented over 300 years of experi-
ence in managing public works projects.  The
collaboration and information sharing al-
lowed this group to extract the 15 practices
that were common to all of the agencies, and
to identify and recommend 24 other best
management practices that would help agen-

1     It is common for projects smaller than $100,000 to
have delivery costs larger than 100% of total con-
struction cost.  Therefore, these projects play as outli-
ers and are not accounted for in these estimates.  The
outliers, however, are not eliminated in the perfor-
mance graphs, as discussed in chapter 7.
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cies improve their project delivery efforts.

� The performance benchmarking database
provided a tool that could be used to com-
pare any one agency to the industry.  This
tool, augmented by additional data, could
also be used to predict resource requirements
to deliver projects and to estimate change
orders and total duration of a construction
project of given type, size, and classification.

� Projects smaller than $100,000 and greater
than $10,000,000 significantly influence the
trend of the regression curves portrayed
within this phase of the study.  However, the
regression curves on some of the projects
approached zero within the range of the con-
struction values of the projects studied.  This
condition is unrealistic and additional data
is required to improve the curves at future
phases of this study.

� During the performance benchmarking, the
availability of data was identified and differ-
ences among the agencies noted.  Each par-
ticipating agency has a budgeting/account-

ing process that is unique to that agency,
which made it very difficult to break down
the costs of project delivery in a standard-
ized way.  It would be desirable to know and
be able to compare the costs of smaller, more
succinct categories such as "planning", "pre-
design", "design", "bid & award", and oth-
ers, but because of the variability of cost ac-
counting, this is currently impossible.  In
addition, some of the cities participating in
this study reported that certain project de-
livery functions (e.g., planning) are done
outside of the public works/engineering de-
partments, making it even more difficult to
compare smaller components of the costs of
project delivery.  Therefore, the study com-
pared broad design and construction man-
agement costs.  (The study team agreed to
review budgeting and accounting procedures
and recommend modifications/standards
that would improve future phases of the
study.)
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* The values in this table provide an overall summary of the performance benchmarking results.  Caution is necessary in using
this information as a predictive tool.  Additional data, at future phases of this study, will significantly improve this table and may
provide a basis for more accurate forecasting.

Table C – CIP Delivery Costs*

PROJECT TYPE
CLASSIFICATION

Total Construction
Cost (TCC)

Design Cost
TCC

Construction
Management

___Cost_____
TCC

Project
Delivery

____Cost____
TCC

TCC< $0.5M 35% - 50% 17% - 19% 48% - 55%
$0.5M<TCC<$ 3M 25% - 44% 12% - 15% 35% - 42%

Municipal Facilities

TCC> $3M 19% - 37% 9% - 12% 28% - 35%
TCC< $0.5M 38% - 43% 22% - 27%
$0.5M<TCC<$ 3M 26% - 32% 17% - 21%

Libraries

TCC> $3M 20% - 24% 11% - 16%
TCC< $0.5M 23% - 28% 12% - 14%
$0.5M<TCC<$ 3M 19% - 23% 10% - 12%

Police/ Fire Station

TCC> $3M 16% - 21% 8% - 11%

TCC< $0.5M 38% - 43% 16% - 18%

$0.5M<TCC<$ 3M 28% - 32% 11% - 13%

Community Building /
Recreation Center /
Children Center /
Gymnasium TCC> $3M 20% - 25% 8% - 11%

TCC< $0.5M 30% - 40% 20% - 28% 45% - 61%
$0.5M<TCC<$ 3M 19% - 35% 12% - 20% 32% - 47%

Streets

TCC> $3M 19% - 35% N/A N/A
TCC< $0.5M 28% - 32% 12% - 17%
$0.5M<TCC<$ 3M 20% - 25% 12% - 17%

Widening / New / Grade
Separation

TCC> $3M 16% - 21% 12% - 17%
TCC< $0.5M 60% - 80% 18% - 23%
$0.5M<TCC<$ 3M 32% - 55% 14% - 19%

Bridge / Retrofit / Seismic

TCC> $3M 19% - 40% 12% - 17%
TCC< $0.5M 12% - 18% 20% - 25%
$0.5M<TCC<$ 3M 11% - 17% 13% - 18%

Renovation / Resurfacing

TCC> $3M 11% - 17% N/A
TCC< $0.5M 22% - 40% 22%-35%
$0.5M<TCC<$ 3M 18% - 35% 5% - 10%

Bike / Pedestrian / Curb
Ramps

TCC> $3M N/A N/A
TCC< $0.5M 18% - 25% 20% - 28%
$0.5M<TCC<$ 3M 15% - 22% 19% - 25%

Signals

TCC> $3M N/A N/A
TCC< $0.5M 35% - 42% 17% - 22% 45% - 62%
$0.5M<TCC<$ 3M 19% - 35% 10% - 15% 30% - 45%

Pipes

TCC> $3M 19% - 35% N/A N/A
TCC< $0.5M 35% - 50% 17% - 22%
$0.5M<TCC<$ 3M 20% - 35% 12% - 18%

Gravity System (Storm
Drains, Sewers)

TCC> $3M N/A N/A
TCC< $0.5M 18% - 23% 16% - 19%
$0.5M<TCC<$ 3M 14%-17% 13% - 16%

Pressure Systems

TCC> $3M N/A N/A
TCC< $0.5M N/A N/A
$0.5M<TCC<$ 3M 15% - 17% 17% - 19%

Pump Station

TCC> $3M 16% - 18% 11% - 14%
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A.  PROJECT HISTORY

The City of Los Angeles, Department of
Public Works/Bureau of Engineering rec
ognized an opportunity to improve the

efficiency of delivering Capital Improvement
Projects in the state of California.  As a result,
the City initiated the California Multi-Agency
CIP Benchmarking Study with five other Cali-
fornia municipal agencies in October of 2001.
These agencies would take the unprecedented
step of sharing costs and procedures related to
the delivery of their most significant projects
implemented in the previous five years.  This
report summarizes the study methodology, the
outcomes, and the lessons learned from the
benchmarking study.

B.  STUDY OBJECTIVE

The purpose of the study is to provide a general
analysis and benchmarking of how capital im-
provement projects are delivered by several pub-
lic agencies within California.  The study is based
on observed and documented performance on
projects completed within the last five years and
current CIP delivery processes.

The participating agencies entered into the study
with the intent of making improvements, not
comparisons.  The agencies performed non-com-
petitive analyses of their own projects and pro-
cesses in order to contribute to the development
of benchmarks based on industry trends.   In
order to preserve this non-competitive spirit no
projects are identified by name in this document
and agencies are referred to generically (Agency
A, etc.), when anonymity is appropriate.

The following were identified by the participat-
ing agencies as the most desirable outcomes of
this study:

� Initiation of a continuous forum for com-
munication to enable agency representatives
to network with one another

� A learning experience for all agencies to un-
derstand each other’s processes for manag-
ing Capital Improvement Projects, through
brainstorming sessions and discussions

� A “Predictive Tool”: a basis to estimate Capi-
tal Improvement Projects delivery costs in
the future

� A “Comparative Tool”: a basis for every
agency to compare their performance against
general industry trends

� A list of “best management practices” rec-
ommended as those processes that are the
most effective in producing efficient project
delivery

� A list of “best management practices” that
are most common among the participating
agencies.

� Initiation of a continuous benchmarking ef-
fort, to include more projects, as they are
completed, and more agencies

C.  PARTICIPANTS

The City of Los Angeles, Department of Public
Works, Bureau of Engineering sponsored a study
team that was responsible for logistics, manage-
ment, and execution of this benchmarking study.
The City invited several other agencies within
California to participate in this study.  The agen-
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cies below elected to participate in the study
(project team) after reviewing the October 2001
briefing paper provided by Los Angeles (Appen-
dix A-I, page A-3).

� City of Long Beach, Department of Public
Works

� City of Los Angeles, Department of Public
Works/Bureau of Engineering

� City of Sacramento, Department of Public
Works

� City of San Diego, Engineering & Capital
Projects

� City and County of San Francisco, Depart-
ment of Public Works / Bureau of Engineer-
ing / Bureau of Architecture / Bureau of Con-
struction Management

� City of San Jose, Department of Public
Works

During nine months of meetings, the project
team (composed of the participating agencies)
and the study team planned and implemented
the benchmarking study.

D.  REPORT STRUCTURE

This report is organized as follows:

� This introductory chapter (Chapter 2) pro-
vides a brief explanation of the project his-
tory, objectives, and project participants.

� Chapter 3 provides a profile of each of the
participating agencies, including descriptions
of their city and agency structure, and their
capital improvement programs for FY 2001-
02 through FY 2003-04.

� Chapter 4 explains the study methodology,
the selection of projects, and the basis of com-
parison (cost versus hours).  Chapter 4 also
provides an introduction to the
benchmarking effort that is broken down
into two stages: process benchmarking and

performance benchmarking.

Process benchmarking focuses on business
processes—the approach to managing the de-
livery of CIP projects in the individual agen-
cies.

Performance benchmarking consists of the
development of the projects’ comparative
cost and schedule data.  These benchmarks
are discussed in detail in the following chap-
ters.

� Common and recommended best manage-
ment practices, based on process
benchmarking, are identified in Chapter 5
and process study findings are discussed.  The
participating agencies provided extensive data
about their delivery processes by responding
to a questionnaire developed by the project
team.  This questionnaire and its results are
described in Chapter 5 and Appendix C.

� Chapter 6 is on performance benchmarking
and explains the basis for project selection
and data definition as appropriate for per-
formance benchmarking.  Chapter 6 also dis-
cusses design of the performance question-
naire and the agencies’ responses.  Perfor-
mance graphs that are generated from the
project database are also reviewed and dis-
cussed within Chapter 6.

� Chapter 7 gives conclusions and recommen-
dations based on the process benchmarking
results in Chapter 5 and performance
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A. INTRODUCTION

This section of the report profiles the six
agencies that participated in the Califor
nia Multi-Agency CIP Benchmarking

Study.

Each agency’s summary is structured as follows:

1. City Description

a. Size, population, website

b. Governmental structure: mayor, city
manager, council, board, etc.

2. Agency Description

a. Organizational structure and disciplines,
number of employees

b. Responsibilities and stewardships

c. Operating budget for Fiscal Year 2001 –
2002, capacity and funding sources

d. Work processes and project management
approach

3. FY 01-02 through FY 03-04 capital improve-
ment projects (description, number, and
size).  A table that describes the in-house
project delivery services for the participat-
ing agencies (Table D) follows the summa-
ries. A “Fact Sheet” (Table E), provides an
overview of all six participating agencies.

A review of the practices of the participating
agencies yielded some very interesting informa-
tion:

� The agencies’ operations and approaches to
project delivery are strikingly similar.

� All have a strong management approach with
a project manager responsible for budgets,
schedules, and quality management from the
beginning of a project to the end.

� The six participating cities expect to award
nearly $6 billion in public works capital im-
provement project contracts within the next
three years.
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B.  DESCRIPTION OF PARTICIPATING AGENCIES

I. City of Los Angeles

POPULATION 3,694,820

AREA 469 square miles

WEBSITE ADDRESS http://eng.lacity.org

FORM OF GOVERNMENT

Los Angeles has a Mayor-Council-Commission form of government as provided by the Free
holders’ Charter effective July 1, 1925. The current City Charter became effective on July 1,
2000.  The people elect the Mayor, City Controller, and City Attorney every four years.

Fifteen City Council members representing fifteen districts are elected to four-year terms.  Mem-
bers of commissions are appointed by the Mayor, subject to the approval of the City Council.
With few exceptions, all other officials and employees of the City are subject to the civil service
provisions of the Charter.

DEPARTMENT OF PUBLIC WORKS – Bureau of Engineering

The Bureau of Engineering is responsible for the design and construction of all public facilities,
streets, sewers, and storm drains. The Bureau is also responsible for the engineering features and
standards of all privately developed subdivisions, tracts, and construction of public improvements
in the City’s right-of-way.  The head of the Bureau is the City Engineer.

Bureau personnel work on the expansion and modernization of over 7,400 miles of streets, 1,000
miles of storm drains, 6,500 miles of sewer lines, the design and construction of police and fire
stations, libraries, parking structures, wastewater treatment plants, bridges, and other public works
projects.  Recent past projects include the Convention Center Expansion, renovation of the Cen-
tral Library, and the seismic retrofit of City Hall.

The Bureau employs over 1,000 employees in many different disciplines including engineering,
architecture, surveying, drafting, real estate, environmental, and construction management.

PROJECT MANAGEMENT/DELIVERY

The Bureau uses a strong project management delivery system in which projects are assigned to a
project manager who is responsible for the budget and schedule from planning through project
closeout. Project funding is usually generated from special funds including bonds, user fees, and
grants.  The 33 groups/divisions within the Bureau use a design-bid-construct project delivery
system with the objective of using in-house resources to provide design and construction manage-
ment.  Consultants are used to supplement in-house resources when necessary.
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CONSTRUCTION CONTRACTS/CAPITAL IMPROVEMENT PROGRAM

Construction contracts to be awarded for Fiscal Year 2001-02 through Fiscal Year 2003-04 include:

Program     Total Projects Total  Cost

Animal Bond  8 $84,000,000

Bridge Improvement Program 64 $158,000,000

Fire Bond 21 $201,000,000

Library Bond 47 $90,000,000

Municipal Facilities 32 $94,000,000

Recreation Facilities 28 $91,000,000

Seismic Bond  6 $65,000,000

Storm-water Program 61 $23,000,000

Street Program 42 $103,000,000

Wastewater Program 160 $490,000,000

Zoo Bond   6 $45,000,000

Total 475 $1,444,000,000
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II. City of Long Beach

POPULATION 461,522

AREA 50 square miles

WEBSITE ADDRESS http://www.ci.long-beach.ca.us/pw

FORM OF GOVERNMENT

Long Beach has a Council-Manager form of government as provided by Charter effective July
5, 1921. The current City Charter became effective in 1980.  Mayor, City Auditor, City
Prosecutor, and City Attorney elected by the people every four years.  Nine City Council

members representing nine districts are elected by the people to four-year terms.  Members of
commissions are appointed by the Mayor, subject to the approval of the City Council.  Most other
officials and employees of the City are subject to the civil service provisions of the Charter.

DEPARTMENT OF PUBLIC WORKS – Bureau of Engineering

The Bureau of Engineering is responsible for the design and construction of all public facilities,
streets, sewers, and storm drains. The Bureau is also responsible for the engineering features and
standards of all privately developed subdivisions, tracts, and construction of public improvements
in the City’s right-of-way.  The head of the Bureau is the City Engineer.

Bureau personnel work on the expansion and modernization of over 860 miles of streets, the design
and construction of libraries, airport facilities, parking structures, bridge rehabilitations, and other
public works projects.  Recent past projects include the Emergency Communications and Opera-
tions Center, Lakewood Boulevard Widening, and the seismic retrofit of the historic Rancho Los
Cerritos.

The Bureau employs over 90 employees in many different disciplines including engineering, archi-
tecture, surveying, drafting, and construction management.

PROJECT MANAGEMENT/DELIVERY

The Bureau is initiating a strong project management delivery system in which the projects are
assigned to a project manager who is responsible for the budget and schedule from planning through
project closeout. Project funding is usually generated from a variety of funding sources.  The three
groups/divisions within the Bureau have a philosophical approach to a design-bid-build project
delivery system with the objective of using a mix of in-house and consultant contracts to provide
design and construction management.
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CONSTRUCTION CONTRACTS/CAPITAL IMPROVEMENT PROGRAM

Construction contracts to be awarded for Fiscal Year 2001-02 through Fiscal Year 2003-04:

Program Total Projects Total Cost

Airport 10 $62,000,000

Community Development 5 $27,000,000

Parks, Recreation and Marine 27 $8,000,000

Public Facilities 26 $71,000,000

Public Thoroughfares 21 $55,000,000

Storm Drains 1 $2,000,000

Tidelands 23 $39,000,000

Total 113 $264,000,000
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III. City of Sacramento

POPULATION 418,700

AREA 98 square miles

WEBSITE ADDRESS http://www.pw.sacramento.com

FORM OF GOVERNMENT

Sacramento’s City Council-City Manager form of government was adopted in 1920.  The City
Charter was also adopted in 1920.  The City Council consists of a Mayor elected by the
people and Council members, elected to represent the eight separate council districts in the

City.  Elected members serve four-year terms and elections are staggered every two years in even
numbered years.  Members of Boards and Commissions are appointed by the Mayor, subject to the
approval of the City Council.  The City Manager, City Treasurer, City Attorney, and City Clerk are
appointed by the City Council with all other exempt managers appointed by the City Manager.  All
other officials and employees of the City are subject to the civil service provisions of the Charter.

DEPARTMENT OF PUBLIC WORKS – Project Delivery Division

The Project Delivery Division is responsible for the design and construction of public buildings,
facilities, and transportation projects.  The division is managed by the Project Delivery Manager,
who reports to the Director of Public Works.

Division personnel work on the expansion and modernization of 1,290 miles of streets, the design
and construction of police and fire stations, libraries, parking structures, community centers, bridges,
freeway interchanges, and other public works projects.  Recent past and current projects include
the Joe Serna, Jr.  Environmental Protection Agency Headquarters Building, South Natomas Com-
munity Center and Library, the extension of Seventh Street, and the Arena Boulevard Interchange
at Interstate 5.

The Division has about 100 employees in many different disciplines including civil engineering,
electrical engineering, mechanical engineering, architecture, surveying, drafting, and construction
management.  Accounting and administrative staff provide support.

PROJECT MANAGEMENT/DELIVERY

The Division uses a strong project management delivery system in which the projects are assigned
to a project manager who is responsible for the budget and schedule.   Projects are managed by the
Funding & Priorities section during the planning phase.  When the projects have been fully scoped
and funded, other project managers are assigned that are responsible from design through construc-
tion and project closeout.  Funding for projects is usually generated from transportation funds,
grants, fees, bonds, redevelopment funds, and the City’s General Fund.  The Division uses private
consultants to supplement in-house resources to provide design and construction management
services.
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CONSTRUCTION CONTRACTS/CAPITAL IMPROVEMENT PROGRAM

Construction contracts to be awarded for Fiscal Year 2001-02 through Fiscal Year 2003-04:

Program     Total Projects Total Cost

Public Facilities 150 $180,000,000

Transportation 90 $200,000,000

Total 240 $380,000,000
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IV.  City of San Diego

POPULATION 1,277,168

AREA 342 square miles

WEBSITE ADDRESS http://www.sandiego.gov

FORM OF GOVERNMENT

The City of San Diego, the second largest city in the state and the seventh largest city in the
nation, was incorporated on March 27, 1850.  In 1931 the Charter by the Board of
Freeholder’s was adopted by the voters and, although it has undergone many modifica-

tions, is still in effect today.  The City utilizes a Mayor-Council-Manager form of government with
only the Mayor and City Attorney elected city-wide by the people every four years.  Eight City
Council members are elected by the people in their respective districts to serve four-year terms.
The Council selects a City Manager who is responsible for the administration of most City depart-
ments.   Officials and employees of the City are subject to the civil service provisions of the Charter,
with the exception of unclassified management and a few un-represented employee classifications.

ENGINEERING AND CAPITAL PROJECTS DEPARTMENT

The Engineering and Capital Projects (E&CP) Department provides capital improvement project
(CIP) services for the various operating departments throughout the City, including the Transpor-
tation Department, Fire, Park & Recreation, and others.  In this role, the E&CP Department is
responsible for the design, project management, and construction management for a vast majority
of public facility capital improvement projects (CIP).  This work includes such projects as streets,
bridges, bikeways, storm drains, and municipal buildings as well as the replacement of water and
sewer mains throughout the City.

The Department is split into five divisions with three project management/design divisions (in-
cluding Transportation & Drainage Design, Water & Wastewater Facilities, and Public Buildings
& Parks) and two support divisions (Field Division and Administration (Contract Services).  The
Director of the E&CP Department is the City Engineer.  The E&CP employs over 450 employees1

in many different disciplines under this structure, including engineering, architecture, surveying,
drafting, environmental, materials testing, and construction management.

The E&CP Department staff, on behalf of the client departments, is responsible for the expansion
and modernization of over 3,820 miles of streets and alleys, 769 miles of storm drains and chan-
nels, approximately 2,900 miles of sewer mains, and 3,139 miles of water mains as well as all the
fire, library, and park facilities.  Recent major projects include the Convention Center Expansion,
expansion of Qualcomm Stadium, the construction of State Route 56 and the new downtown
Ballpark.

1 As of FY02, the total number of full-time positions is 415, as reflected in the Fact Sheet.  The FY03 budget includes
some new positions that would move the estimate over 450 positions.



Page 20

Chapter 3
Participating Agencies

PROJECT MANAGEMENT/DELIVERY

E&CP uses a “central point of contact” project delivery system in which the projects are assigned to
a project manager within a design division who is then responsible for the management, budget,
and schedule from the beginning of design phase (in some cases planning) through project close-
out.  Engineering is performed by either in-house staff from within the project manager’s division
or through the use of outside consultants, depending on the complexity and availability of re-
sources.

Most projects make use of in-house resources for design services.  The project manager also utilizes
the resources of the supporting divisions’ staff for such services as surveys, contract procurement,
construction management, and inspection.  Funding is initially identified for a project by the client
department during the planning process, and is generated from a variety of sources from tax rev-
enue to special funds including bonds, user fees, and grants.  The three project management/design
divisions within the department most commonly use the design-bid-build project delivery system
but are beginning to utilize alternative forms of project delivery including design-build methods
and task order contracts.

CONSTRUCTION CONTRACTS/CAPITAL IMPROVEMENTS PROGRAM

Capital Improvements Program for Fiscal Year 2001-02 through Fiscal Year 2003-04:

Program Total Cost

Community and Economic Development $27,000,000

Development Services             $700,000

Engineering and Capital Projects          $7,000,000

Environmental Services       $26,000,000

General Services          $7,000,000

Library        $60,000,000

Park and Recreation        $95,000,000

Public Safety        $54,000,000

Real Estate Assets-Airport          $2,000,000

Qualcomm Stadium          $6,000,000

Sewer and Water      $708,000,000

Special Projects     $440,300,000

Transportation      $284,000,000

Total $1,717,000,000
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      V.  City and County of San Francisco

POPULATION 801,377

AREA 46.7 square miles

WEBSITE ADDRESS http://www.sfdpw.com

FORM OF GOVERNMENT

The City and County of San Francisco are a consolidated city and county with boundaries
that are prescribed by the laws of the State of California and the City Charter.  The first
City Charter was established on April 15, 1850.  The current City Charter was adopted

November 6, 2001.  The local government consists of a legislative branch consisting of an 11-
member Board of Supervisors, and an executive branch consisting of a Mayor.  Each member of the
Board is elected by district and serves a four-year term, but may not serve for more than two
successive terms.  The Mayor is the chief executive officer and official representative of the City and
County who is elected at a general election and serves a four-year term, but may not serve for more
than two successive terms.  Voters elect the City Attorney every four years.  The Controller and
City Administrator are appointed by the Mayor every ten and five years, respectively.  Commis-
sions and department heads are generally appointed by the Mayor and confirmed by the Board of
Supervisors.  With few exceptions, all other officials and employees of San Francisco are subject to
the civil service provisions of the Charter.

DEPARTMENT OF PUBLIC WORKS

The Deputy Director for Engineering, who also holds the title of City Engineer, is in charge of four
bureaus in the Department of Public Works:  Bureau of Engineering, Bureau of Architecture, Bu-
reau of Construction Management, and Bureau of Street Use and Mapping.  The first three bu-
reaus, referred to as the Tri-bureaus, work on capital projects while the Bureau of Street Use and
Mapping regulates the use of city streets and private development of infrastructure.

The Tri-bureaus are responsible for the planning, design, and construction of public streets and
infrastructure.  These services are provided for client departments who do not have technical capa-
bilities or contracting authority.  These include the Police, Fire, Health and Recreation and Park
departments as well as many other city agencies.

Tri-bureau personnel work on street renovation, sewer replacement and enlargement, traffic sig-
nals, parks and playgrounds, libraries, police and fire stations, health facility, treatment plant and
pump stations, and other public works projects.

The Tri-bureau has 435 authorized positions of which over 360 are filled.  These positions cover
many different disciplines including engineering, architecture, surveying, drafting, environmental,
and construction management.



Page 22

Chapter 3
Participating Agencies

PROJECT MANAGEMENT/DELIVERY

The Tri-bureaus use a strong project management delivery system in which the projects are assigned
to a project manager who is responsible for the budget and schedule from planning through project
closeout.  Project funding is usually generated from special funds including general obligation and
revenue bonds, sales tax revenues, and grants.  The Tri-bureaus have a philosophical approach to
design-bid-construct project delivery with the objective of using in-house resources whenever pos-
sible to provide design and construction management.  Consultants are used to supplement in-
house resources when necessary.

CONSTRUCTION CONTRACTS/CAPITAL IMPROVEMENT PROGRAM

This information was not available.
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VI.  City of San Jose

POPULATION 918,000

AREA 177 square miles

WEBSITE ADDRESS http://www.ci.san-jose.ca.us/

FORM OF GOVERNMENT

San Jose has a Mayor-Council-City Manager form of government as provided by City Charter.
The current City Charter became effective in May 1965.  The Mayor is elected by the people
every four years.  The people elect ten City Council members representing ten districts for

four-year overlapping terms. The City Charter limits the Mayor and Council members from serv-
ing more than two consecutive terms.  The City Attorney, Redevelopment Director, City Auditor,
City Clerk and Independent Police Auditor are appointed by Mayor and Council.  Department
directors appointed by the City Manager, but require Council confirmation.  Department direc-
tors, assistant and deputy directors serve at-will. Other employees of the City are subject to the civil
service provisions of the Charter.

DEPARTMENT OF PUBLIC WORKS

MISSION: Plan, Design and Construct Public Facilities and Infrastructure Systems to Enhance
the Quality of Life for the Residents of San José.

The Public Works Department has the primary responsibility to deliver facilities and infrastructure
that meet the needs of the residents of San José and that comply with the standards and require-
ments established in the engineering guidelines and the City’s Master Plans. The Department achieves
its goals through planning, design and construction of the City’s capital projects, and also through
the plan review and permit process to regulate and facilitate private development projects.  The
Director of Public Works/City Engineer manages the Department.

Department personnel work on the expansion and modernization of over 2,434 miles of streets,
926 miles of storm drains, 2,169 miles of sewer lines, 3,500 acres of parks and the design and
construction of recreation facilities, police and fire stations, libraries, municipal buildings, bridges,
and other public works projects.  Recently completed projects include the renovation of the Cen-
tral Service Yard, the Trimble Road Bridge, and reconstruction of the Norman Y. Mineta SJIA
Runway 30L.

The Department employs over 400 employees in many different disciplines including engineering,
architecture, landscape architecture, surveying, drafting, real estate, and construction management.
Major projects currently underway include a new Civic Center, Federal Inspection Facility at Norman
Y. Mineta SJIA, and construction of the new West Valley Branch Library.  Major programs include
the $228 million Parks Bond, $211 million Branch Library Facilities Bond and the $159 million
Fire and Police Stations and Facilities Bond.
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PROJECT MANAGEMENT/DELIVERY

The Department has a focus of “on time, on budget” and reports performance measures in the
categories of timeliness, cost, quality, and customer satisfaction in the annual Operating Budget.
Project management is a team effort in which the projects are assigned to a client partner and a
DPW project manager.  The client provides scope and funding and the project manager is respon-
sible for the budget and schedule. The project manager is involved with design and problem reso-
lution but passes construction management responsibilities to a construction manager from the
same division.

Project funding is the responsibility of the client department and be generated from special taxes,
bonds, in-lieu fees, and grants.  The seven divisions (not including Administration) within the
Department use a design-bid-build system for project delivery.  Design has shifted from mostly in-
house to over 70% consultant design, often using master agreements for multiple projects.  This
has taken place in order to meet a large increase in workload from approximately $600 million in
bond funds, the new Civic Center, plus an aggressive airport expansion program. Construction
management remains largely in-house, augmented with consultants for special assignments.

CONSTRUCTION CONTRACTS/CAPITAL IMPROVEMENT PROGRAM

Major construction contracts to be awarded Fiscal Year 2001-02 through Fiscal Year 2003-04 (de-
sign and cm included, rounded to $1,000,000):

Program    Total Projects Total Cost

Public Safety Bond 12 $37,000,000

Library Bond 20 $99,000,000

Parks/Recreation Facilities 160 $158,000,000

Airport Master Plan 10 $120,000,000

Civic Center   1 $246,000,000

Wastewater Program 21 $96,000,000

Storm Drainage   6 $5,000,000

Traffic 100 $194,000,000

Total 302 $955,000,000
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C. SIMILARITIES AND

DIFFERENCES

This section of the report summarizes similari-
ties and differences among the participating agen-
cies.  This information may be useful as back-
ground when comparing the process
benchmarking results and performance curves
that are found in subsequent sections of this re-
port.

The discussion is based on three pieces of infor-
mation provided by the agencies:

� Agencies summaries  (the preceding section)

� Available In-House Project Delivery Services
(Table D)

� The Fact Sheet (Table E)

I.  Agencies Summaries

All agencies have a similar form of government.
Mayors and Council members are elected by the
people to four-year terms.  Mayors, with City
Councils’ approval, appoint other personnel. The
number of Council members varies by city based
on the number of districts.

All agencies rely on in-house resources for deliv-
ering Capital Improvement Projects and have
primary disciplines in-house (civil engineering,
architecture, construction management, survey-
ing, and drafting).  Consultants are only used to
supplement in-house resources.

All agencies implement a strong management
approach.  Project managers are responsible for
budget, schedule, and quality management from
beginning of design to completion of closeout.
In the City of San Jose, the project manager is
also assisted by the client/partner, and during
construction the management task is delegated
to a construction manager in the same division.

The agencies have diverse numbers, sizes, and
types of projects planned for the next two- years.
All agencies have allocated large amounts of capi-
tal for transportation/airport and water/sewer/
wastewater projects.  The City of Long Beach
has also allocated a considerable budget for pub-
lic facilities.

II.   Available In-House Project

Delivery Services

Table D summarizes the agencies’ project deliv-
ery services that are available in-house.  All agen-
cies conduct project delivery activities in-house
before design starts.  Also, during the design
phase all agencies conduct civil works design in-
house and the majority of agencies have in-house
capacity to work on other disciplines (architec-
tural, structural, mechanical, etc.).  All agencies
are capable of conducting in-house construction
management, surveying, real estate, and sched-
uling tasks.  Los Angeles is the only city that pro-
vides in-house geotechnical services.

III. Fact Sheets

Table E show that all agencies, with the excep-
tion of City of Los Angeles, have similar levels
of consultant usage in delivering their Capital
Improvement Projects.  The number of full-time
employees varies due to agencies’ demographic
factors (population and area).  The City of San
Diego has planned the largest amount of Capi-
tal Improvement Projects for the next three years.
Taking the population of the cities into account,
all agencies are planning to spend at similar lev-
els on the Capital Improvement projects, per
capita, with the City of San Diego being the high-
est.
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Modified Table E – Fact Sheet
CIP Spending Per Capita (3 Years)

City
3 Year

Planned CIP
(Million Dollars)

Population
3 Year CIP
Per Capita

(Dollars / Person)

Los Angeles 1,444 3,694,820 391

Long Beach 264 441,859 597

San Francisco 617 801,377 770

Sacramento 380 418,700 908

San Jose 955 918,000 1040

San Diego 1,717 1,277,168 1344

Table E – Fact Sheet

Agency

Total CIP Value
Planned for
FY 2001-02

Through
FY 2003-04

(Million Dollars)

Number of
Full-Time

Employees

(Authorized
Positions)

Consultant
Usage

(Percentage of CIP
in Dollars)

Long Beach,
Department of Public Works

264 90 70%

Los Angeles,
Department of Public Works/
Bureau of Engineering

1,444 1,128 30%

Sacramento,
Department of Public Works

380 100 70%

San Diego,
Engineering & Capital
Projects

1,717 415 70%

San Francisco,
Department of Public Works /
Bureau of Engineering /
Bureau of Construction
Management /
Bureau of Architecture

617 435 70%

San Jose,
Department of Public Works

1,190 470 70%
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A.  APPROACH

The City of Los Angeles developed a step-
by-step approach to the CIP
Benchmarking Study (see briefing docu-

ment in Appendix A) that would guide how to:

� Categorize projects and
their costs

� Define phases of
projects and their dura-
tions

� Select projects for inclu-
sion in the study

� Accomplish both pro-
cess and performance
benchmarking objec-
tives in the study

The step-by-step approach is summarized below.

I. Categorizing Projects

The project team identified project types and
classifications during their first meeting.  Table
F lists the three project types and 11 classifica-

tions used in this study.
(Treatment facilities were
not included because many
of the agencies were not re-
sponsible for water or waste-
water treatment.)

The study team requested
each participating agency to
provide eight to ten projects
from each project category.
Regression curves were ulti-

mately developed at the project classification level
as well as the project type level.  A statistical analy-
sis was performed to investigate alternative
groupings in order to develop performance

In this study, “regression curves” are
graphs that show the trend of

various costs of project delivery
compared to overall construction
costs.  The purpose of developing

these curves is to provide a tool that
allows agencies to budget reason-
ably and appropriately for future

project delivery costs.

Table F – Categorizing Projects

Project Types Project Classifications

Libraries

Police / Fire StationsMunicipal Facilities
Community Buildings / Recreational Centers / Child Care /
Gymnasiums
Widening / New / Grade Separation

Bridges (Retrofit / Seismic)

Renovation/Resurfacing

Bike/Pedestrian/Curb Ramps

Streets

Signals

Gravity Systems (Storm Drains, Sewers)

Pressure SystemsPipe Systems

Pump Stations
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benchmarking models.  The analysis confirmed
statistical validity of the regression curves at the
project classification level, using the existing pool
of data.  All regression curves are provided in
Appendix D and are used for the analysis (Chap-
ter 6).  Readers can refer to Section 7 C (pages
64-66) and Appendix B-I (page B-3) of this re-
port for further discussion on this topic.

II. Defining Project Phases

The study group proposed data collection from
five project phases (Pre-Design, Design, Bid &
Award, Construction, and Post-Construction).
Some participating agencies could not segregate
their costs into these categories.  They do not
break down project delivery costs into these
smaller, succinct categories and do not handle
all of the project delivery functions within the
public works or engineering department (e.g.,
project planning activities may be handled by
an agency’s planning department before the
project is handed over to the public works de-
partment for completion).

All agencies were able to break down costs for
design and construction phases.  Therefore these
became the two project phase categories defined
for this study. The design phase is distinguished
from the construction phase by the notice-to-
proceed date.

III. Defining Project Duration

The participating agencies agreed that the dura-
tion of the design phase of a project would be-
gin with the initial concept - which requires a
complete scope of work - and end with the issu-
ance of a construction notice-to-proceed.

The duration of the construction phase would
begin with the construction notice-to-proceed
and end with project closeout.

Projects that experienced extensive suspension of
progress would subtract that downtime from the

overall elapsed time to show a more realistic
project duration.

IV. Classifying Costs

The performance benchmarking study used the
following five cost categories:

1) Design Costs: The design phase (and associ-
ated costs) begins with the initial concept, in-
cludes planning as well as design, and ends with
the issuance of a construction notice-to-proceed.
Design costs consist of direct labor costs, other
direct agency costs such as art fees and all neces-
sary permits, and consultant services cost associ-
ated with planning and design.  Design may in-
clude the following:

� Pre-Design

• Complete schematic design documents

• Program scope review and development

• Program evaluation of schedule and bud-
get

• Review of alternative approaches to de-
sign and construction

• Obtain owner approval to proceed

• Attend hearings and proceedings in con-
nection with the project.

• Prepare feasibility studies

• Prepare comparative studies of sites,
buildings, or locations

• Provide submissions for governmental
approvals

• Provide services related to future facili-
ties, systems, or equipment

• Provide services as related to the investi-
gation of existing conditions of site or
buildings or to prepare as-built drawings

• Develop life cycle costs

• Complete environmental documenta-
tion and clearances

• Manage right-of-way procurement pro-
cess
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� Design

• Complete design development docu-
ments including outline specifications

• Evaluate budget and schedule against up-
dated estimate

• Complete design and specifications

• Develop bid documents and forms in-
cluding contracts

• Complete permit applications

• Coordinate agency reviews of documents

• Evaluate budget and schedule against up-
dated estimate

• Review substitutions of materials and
equipment

• Prepare additive or deductive alternate
documentation

• Coordinate geotechnical, hazardous ma-
terial, food services, acoustic or other
specialty design requirements

• Provide interior design services

� Bid and Award Tasks

• Prepare advertisement for bids

• Perform prequalification of bidders

• Manage the pre-bid conference

• Perform the bid evaluations

• Prepare the recommendation for award

• Obtain approval of contract award from
Board/Council

• Prepare the notice to proceed

2) Construction Management Costs:  All the
costs associated with the management of the con-
struction of the project, including closeout costs,
are included in this category.  Construction man-
agement costs consist of direct labor, other agency
costs, and consultant usage.  Construction man-
agement may include the following:

� Construction Phase

• Pre-construction conference

• Review and approve schedule and sched-
ule updates

• On-site management

• Review of shop drawings, samples, and
submittals

• Testing and inspection

• Payment request processing

• Change order review, estimating, and ne-
gotiations

• Monthly reports to owner and agencies

• Project accounting and cost management

• Responding to requests for information

• Developing and implementing a project
communications plan

• Document control

• Claim management

• Final inspections and punch list devel-
opment and tracking

� Closeout Phase

• Commissioning of facilities and equip-
ment

• Training of maintenance and operation
personnel

• Warranty and guarantee tracking and
documentation

• Move-in planning

• Filing of notices (occupancy, completion,
etc.)

• Checking and filing as-built documents

3)  Total Delivery Costs: This is the total cost of
delivering a capital improvement project.  It is
also the total of the design cost and construction
management cost indicated above.
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4)  Change Order Cost: This consists of all
change orders, including:

� Unforeseen and changed conditions

� Design changes

� Owner-initiated changes

� Commissioning/optimization

� Miscellaneous

The team collected data on credit change orders
but did not include extensive analysis of the data
in this study.

5) Construction Cost: This is the direct con-
struction cost, including all change orders dur-
ing the construction phase (from the issuance of
notice-to-proceed to sub-
stantial completion/benefi-
cial occupancy).  The follow-
ing costs are associated with
construction and are in-
cluded in the total construc-
tion cost:

� Direct actual construc-
tion

� Total amount of positive
change orders through-
out construction

� Fixtures, furnishing, and
equipment (FFE)

� Utilities relocation

� Work performed by the agency’s staff and
other agencies’ staff

The participating agencies decided to use fully
burdened costs for project delivery tasks because
agencies’ multipliers were similar.  They also
agreed that land acquisition costs should be ex-
cluded from the total construction cost.

V.  Selecting Projects

All agencies provided information on projects
that were constructed during the last five years.
None of these were completed before July 1,
1996.

All of the selected projects had to be “represen-
tative of the agencies’ processes”.  This approach
ensured that projects that had the potential to
be outliers in the regression analysis (that would
dramatically and incorrectly skew the results)
would be eliminated from the benchmarking
effort.  For example, if wetlands mitigation (pur-
chase or creation) was part of a project (which
would be highly atypical of the agency’s projects),
that project should not be included in the study.

A statistical elimination pro-
cess was developed in addi-
tion to intuitive elimination
of the non-representative
projects to help ensure the
validity of the data used in
this benchmarking study.
This technique was not par-
ticularly effective at validat-
ing the data because of the
relatively low number of
projects included in Phase 1.
The process is mentioned
here and described fully in

Appendix B-II (see page B-15) because it may
be very useful in future phases of the study when
a larger, more statistically reliable number of
projects has been analyzed.

VI. Performance Benchmarking

Versus Process Benchmarking

This study approached benchmarking in two
ways: through process and performance.

1) Process Benchmarking: The study team de-
veloped a questionnaire that sought information
about the processes that each agency followed to
deliver its projects.  The outcome of the process

“Outliers in a regression analysis”
are simply those projects that are

highly atypical, and when included
in the analysis of data, have the

potential to skew the results – such
as the project mentioned above that

includes wetlands mitigation
(highly uncommon among public

works projects).  Careful judgment
is required when determining

which projects fall into the “out-
lier” category because most public
works projects have unique factors

that influence costs.
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benchmarking study was the identification of 15
common best management practices and 24 rec-
ommended best management practices.

2)  Performance Benchmarking: The study team
developed another questionnaire that sought in-
formation about project costs.  Data from the
six agencies were plotted on regression curves that
compare project delivery costs to overall con-
struction costs.

Process benchmarking was intended to compare
each agency’s practices to their project delivery
performance in order to determine the best prac-
tices in the industry.  Because some of the agen-
cies have significantly modified their project de-
livery practices over the study period – the last
five years – the study team decided to approach
process benchmarking by developing a consen-
sus on an inventory of practices that they be-
lieved would represent the best practices in the
industry.

The study group used this approach to develop
and refine a process questionnaire for participat-
ing agencies.   The agencies responded to each
question using a scale of 1 to 5.  A rating of 5
indicated that the agency implemented the pro-
cess strongly.  A rating of 0 indicated that the
agency was not implementing the process.  A
composite score would indicate an agency’s com-
mitment to implementing the proposed pro-
cesses.

Common best management practices (currently
used by the majority of the agencies and ranked
highly in the process questionnaire) and recom-
mended best management practices (whose full
implementation was believed to be beneficial to
all agencies) were identified based on this pro-
cess benchmarking, and following team discus-
sions.  (Refer to Chapter 5.)

B.  BASIS FOR DATA COMPARISON

AND PARAMETERS

Construction costs can be benchmarked two
ways: against costs of project delivery items (de-
sign, construction management, or total deliv-
ery) or against hours of effort spent on the
project delivery tasks.  While the “hours” basis
provides a more realistic picture of agencies’ per-
formance, the “costs” basis was rationalized as
follows:

� For some agencies it was practically impos-
sible to extract project specific hours infor-
mation from their accounting systems and/
or segregate these hours by project phases

� Agencies’ multipliers are in the same range,
as reflected in Appendix A-II (page A-7) and
discussed below. Therefore, the
benchmarking study team concluded that
comparing agencies’ costs would accurately
represent the efforts or hours to deliver
projects.

Administrative costs for all participating agen-
cies are summarized in Appendix A-II (page A-
7).

Pages A-9 through A-14 of Appendix A-II sum-
marize the agencies’ administrative costs break-
down.   The study team identified the following
categories of administrative costs as the most
appropriate and comprehensive categories for
comparing data:

1) Fringe Benefits: Includes all benefits provided
to the agency employees, such as insurance,
retirement plan, workers compensation, etc.

2) Compensated Time Off: Employees’ per-
sonal time that is compensated through va-
cation, sick days, holidays, etc.
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3) City Overhead: Accounts for the time that
the city personnel spend on agency related
tasks such as accounting, budgeting, audit-
ing, etc.

4) Department Overhead:  Indirect costs within
each department associated with projects
administration.  Examples are accounting,
claims management, and director’s office.

5) Agency Overhead:  Related to the agency’s
general administrative costs such as salaries
of the city engineer, deputies, and division
heads, and office expenses such as rent,
phone, equipment (similar to department
overhead)

In general, all participating agencies have the
same administrative items, although categorized
differently.  This is an important commonality
among the agencies that resulted in the “discov-
ery” of similar multipliers and provided the ra-
tional for considering “costs” based
benchmarking equivalent to “hours” based
benchmarking.

Appendix A-III (page A-15) demonstrates how
each agency’s multipliers can be used to trans-
late delivery costs into the in-house delivery ef-
fort necessary for each million dollars of con-
struction cost.  This sample calculation is in-
cluded to provide an approximate estimate of the
equivalent in-house human resources required to
design a construction project with known con-
struction value.  A similar calculation can be used
to estimate construction management effort.
Total project delivery effort can be estimated as
the sum of design effort and construction man-
agement effort.
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A.  GUIDING PRINCIPLES

Executive level technical staff from six ma
jor cities (the project team) shared and
openly discussed the effectiveness of their

capital project delivery methods.  This project
team identified, discussed, and evaluated 98 pro-
cesses associated with the effective delivery of
capital projects.

Process benchmarking was “agency specific” (as
opposed to “project specific”).  The process
benchmarking procedure consisted of:

� Identifying key processes used to deliver capi-
tal improvement projects

� Determining the extent to which these pro-
cesses were used by each agency

� Identifying those processes that were “com-
mon best management practices” (used by
most agencies) and “recommended best man-
agement practices” (processes that most par-
ticipating agencies believed should be imple-
mented to deliver high quality projects faster
and at lower cost)

� The participating agencies, which have over
300 person-years of experience among them,
used this experience to intuitively (rather
than statistically) identify the best manage-
ment practices that led to projects that were
delivered quickly and at low cost

Process benchmarking focused on the business
procedures related to the delivery of projects. The
project team grouped the key processes into six
categories:

I. Planning

II. Design

III. Quality Assurance / Quality Control

IV. Construction Management

V. Project Management

VI. Consultant Selection and Use

The study team developed a detailed, six-page
questionnaire that asked for information about
each of the key process categories (Appendix C,
page C-1). All processes in this questionnaire
were reviewed in a group discussion and the ques-
tionnaire was modified to reflect the project
team’s comments.

B.  DATA COLLECTION

The process questionnaire asked each agency to
rate the degree to which they had implemented
each process - with “0” indicating the process
had not been implemented in any projects and
“5” indicating full implementation in all projects
at the time of the survey. The study team col-
lected responses from each agency for each pro-
cess and calculated the average among all agen-
cies. The study team determined that a high av-
erage (2.8 or greater) score in combination with
low diversity of scores among agencies should
indicate that a process was in common use among
the six agencies and therefore could be consid-
ered a “common best management practice.”
This criterion, however, would not restrict the
team from intuitively eliminating high-score pro-
cesses and/or including low-score processes if
appropriate. Table G is a list of fifteen “common
best management practices.” Details of the agen-
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cies’ responses are contained in Appendix C .

The participating agencies then met to identify “recommended best management practices.”  They
used collective experience, as well as process benchmarking outcomes, to identify processes that
they believed would improve delivery of capital projects.  The agencies took a consensus approach,
based on process benchmarking, to determine which processes should be recommended best man-

* Reference to the process question in Appendix C (pp. C-1 – C-6)

Table G – Common Best Management Practices

Process
Category Ref.* Common Best Management Practices

1.a. Capital projects are well defined with respect to scope and budget at the
end of the planning phase

1.f. There is a master schedule attached to the CIP that identifies start and finish
dates for projectsPlanning

1.i. Projects are shown on a geographical information system

2.d. Designers are required to provide a work plan or design schedule prior to
design start

Design

2.g. Designs are done on 2D CAD systems

3.I.d. Agency uses standard forms for RFIs, change orders, pay applications, field
clarifications, minutes of meetings, etc.Quality

Assurance /
Quality Control 3.III.g. Inspectors are trained and, when required, certified

4.I.f. A change order contingency is set aside at the start of the project.
Construction
Management

4.I.d. A formal change order process is in place that defines all forms and methods
necessary to finalize change orders

5.1.d. A project manager is assigned to every project

5.1.e. Project manager has "cradle to grave" involvementProject
Management

5.III.a. A standard project control system has been adopted by the Agency and is
in use on all projects

6.h. The consultant selection process is qualification based

6.c. A standard consultant contract is included in the RFQ/RFP
Consultant

Selection
and Use

6.f. An annual RFQ/RFP solicitation is used to develop an on-call list of
pre-approved consultants
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*  Reference to the process question in Appendix C (pp. C-1 – C-6).  N/A indicates that the recommended best practice was the
outcome of the team discussion and was not a process question.

Table H – Recommended Best Management Practices

Process
Category Ref.* Recommended Best Management Practices

1.b. Complete project feasibility studies prior to defining budget and scope

1.d. Establish a Board/Council project-prioritization systemPlanning

1.e. Provide resource loading for projects listed in the CIP for design and construction

2.f. Define requirements for reliability, maintenance, and operation prior to design
start

2.b. Provide a clear, precise scope to designers prior to design start

2.i. Adapt successful designs to project sites, whenever possible (e.g. fire stations,
gymnasiums, etc.)

Design

N/A Develop and use Green Buildings Standards

3.III.a. Use a formal quality management system

3.I.a. Develop and use a standardized project delivery manual

3.II.b. Perform a formal value engineering study for projects larger than $1,000,000

Quality
Assurance /

Quality
Control

3.III.b. Perform and use post project reviews for lessons learned

4.IV.a. Involve the construction management team before completion of design

4.I.g. Set aside 15% for construction change order contingency

4.I.a. Delegate authority to the City Engineer / Public Works Director to approve
change orders to the contingency amount

4.I.m. Classify types of changes

4.II.a. Include a formal dispute resolution procedure in all contract agreements

4.III.a. Use a team-building process for projects greater than $5 million.

N/A Delegate authority for change order approval to the departments, in order to
reduce paperwork

N/A Establish construction award limits for to support awards by the director without a
Board approval

Construction
Management

N/A Establish a contractor pre-qualification process for large, complex projects

5.I.f. Assign a client representative to every projectProject
Management 5.II.a Provide formal training for project managers on a regular basis

6.e. Delegate authority to the PW Director/City Engineer to approve consultant
contracts under $250,000, when a formal RFP selection process is usedConsultant

Selection
and Use 6.g. Implement and use a consultant rating system that identifies quality of consultant

performance
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agement practices. Table H lists the 24 best man-
agement practices that the project team recom-
mended for efficient project delivery.

C.  EXPLANATION OF RECOMMENDED

BEST MANAGEMENT PRACTICES

This section provides a summary description of
the 24 recommended best management practices
listed in Table H:

Planning

� Complete project feasibility studies prior to
defining budget and scope: Feasibility studies
should be completed early in the process so
that issues are identified and either resolved
or accommodated within the final scope,
budget, and project delivery schedule.  This
will also reduce overall project delivery costs.

� Establish a Board/Council project-
prioritization system:  Departments have lim-
ited resources to commit to projects and these
resources may be impacted by market con-
ditions or delayed project deliveries.  A
Board/Council priority system and designa-
tion for each project will ensure that resources
are directed to the community’s highest pri-
orities.

� Provide resource loading for projects listed in
the CIP for design and construction:  The re-
sources required to deliver a project accord-
ing to the schedule mandated by the Board/
Council should be committed at the time

the project becomes part of the CIP.  This
will ensure that existing resources are not
over-committed.

Design

� Define design requirements for reliability,
maintenance, and operation prior to design
start:  The design process will determine the
reasonableness of future maintenance and op-
eration costs of facilities.  Reliability, main-
tenance, and operational requirements
should be clearly defined in advance and
should be included in the design
professional’s contract when a consultant is
used.

� Provide a clear, precise scope to designers prior
to design start:  Design professionals will work
more efficiently if given a clear scope when
contracted to provide the design services.
Clear scope and budget should be defined
in advance and made a part of the design
professional’s contract if/when a consultant
is used.

� Adapt successful designs to construction sites
whenever possible (e.g. fire stations, gymnasi-
ums, etc.):  Successful designs of fire stations,
police facilities, maintenance facilities, pump
stations, and many other projects should be
re-used when possible.  Site adaptations of
successful designs may reduce design costs
by half.

� Develop and use Green Buildings Standards:
Communities have a stake in the environ-
ment as well as in the cost of operating and
maintaining public facilities.  Utilizing
“Green Building Standards” allows facilities
to be built and operated with renewable re-
sources and other environmentally sound
practices.

� Develop and use a standardized project deliv-
ery manual:  Standardized procedures
streamline project design, bidding, and con-
struction processes.  Standardized design
management procedures will reduce scope
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creep and delays in construction document
preparation.  During construction, standard
procedures will reduce response times on
RFI’s, and add overall clarity and efficiency
to the construction administration process.
The manual will also reduce the time neces-
sary for project documentation training.

Quality Assurance/Quality Control

� Use a formal quality management system:
Quality management should include all ac-
tivities from the preparation of design docu-
ments through the closeout of construction.
The implementation and tracking of quality
control should be formalized to ensure ap-
plication on important community projects.

� Perform a formal value engineering study for
projects larger than $1,000,000:  While the
“first cost” of a facility and/or equipment is
important, the “total life cycle” cost must be
the primary concern of the responsible pub-
lic agency charged with project delivery.
Value engineering studies will ensure that all
costs are considered in the selection of ma-
jor facility components and equipment.

� Perform and use post project reviews for les-
sons learned:  Post project reviews should con-
sist of lessons learned on prior projects of a
similar scope and nature.  This is expected
to make future project management and de-
livery more efficient and cost effective.

Construction Management

� Involve the construction management team
before completion of design:  Experienced con-
tractors and construction managers should
be included in the design process to make
designs more constructible and lower cost.
Construction managers and contractors are
frequently more experienced about the prod-
ucts and/or equipment that are readily avail-
able.  They can also contribute to selections

and decisions during the design process that
will facilitate construction procurement,
means and methods.

� Set aside 15% for construction change order
contingency:  A 15% change order contin-
gency would allow most projects to be com-
pleted, inclusive of all changes, with no ad-
ditional funding actions required by the
Council or Board.

� Delegate authority to the City Engineer /
Public Works Director to approve change or-
ders up to the contingency amount:  Change
order work should be authorized as soon as
is practically possible in order to avoid po-
tential delays to critical work.  Scheduling a
significant change order for review and au-
thorization by the Board may delay project
progress, even though it may be within the
contingency amount allowed in the project
budget.  Authorization of the City Engineer/
Public Works Director to approve changes
within the contingency budgeted for changes
will ensure that critical changes are acted on
promptly and that delays are minimized.

� Classify types of changes:  Classification of
change orders into categories such as changed
conditions, unforeseen conditions, owner re-
quests, or design changes for owner use im-
proves project delivery processes

� Include a formal dispute resolution procedure
in all contract agreements:  Construction is
acknowledged as a dispute prone industry.
As such, it makes sense to provide options in
the contract documents to avoid litigation
over disputes.

� Use a team-building process for projects greater
than $5 million:  Partnering is a team-build-
ing process that has a proven record of im-
proving working relationships and produc-
tion, and reducing claims and disputes on
construction projects.  It is one of several
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team-building processes that should be used
in the interest of reducing conflict and fa-
cilitating project delivery.

� Delegate authority for change order approval
to the departments to reduce paperwork:
Change order decisions should be made at
the lowest management level possible, in or-
der to avoid delays to critical activities dur-
ing construction.

� Establish construction award limits to support
awards by the director without Board approval:
Authorizing the Director or City Engineer
to award construction projects will expedite
the start of projects and thereby reduce ad-
ministrative costs

� Establish a process to pre-qualify  contractors
for large, complex projects:  Prequalification
helps screen contractors for prior perfor-
mance on similar projects, safety and finan-
cial capability

Project Management

� Assign a client representative to every project:
Client (user) representation during the life
of the project will expedite decisions on sub-
mittals, substitutions, and changes.  Their in-
volvement will also help determine intent
and streamline the commissioning and oc-
cupancy process.

� Provide formal training for project managers
on a regular basis:  Project Managers come to
projects with varying degrees of skill and fa-
miliarity with agency procedures.  Orienta-

tion and training will improve their ability
to deliver the project on the intended sched-
ule.

Consultant Selection and Use

� Delegate authority to the PW Director/City
Engineer to approve consultant contracts un-
der $250,000, using a formal RFP selection
process:  Authorization for the Public Works
Director/City Engineer to award consulting
contracts ensures earlier start of design and
construction management activities and will
reduce consultant selection process costs.

� Implement and use a consultant rating sys-
tem that identifies quality of consultant per-
formance:  The performance of consultants
should be tracked so that those who deliver
quality services at reasonable costs can be
adequately considered for future awards.



� � � � � � � �

��������
���!���
����� �
�

	������'����������
�
��

��%�
��
��&�
 



CHAPTER Performance
Benchmarking6

Page 41

A. GUIDING PRINCIPLES

Performance benchmarking consisted of
collecting documented project costs and
comparing project delivery costs with to-

tal construction costs.

The participating agencies and the study team
developed a performance questionnaire to col-
lect performance data. Appendix D-I (page D-
3) includes a sample performance questionnaire.
Highlights of the questionnaire are as follows:

� Project costs include two delivery phases: De-
sign and Construction “Design Costs” in-
clude both planning and design. The project
team would like to have segregated the costs
of design from planning functions, but this
was not possible given the current data.
“Construction Costs” include all construc-
tion management and direct costs of con-
struction.

� A “Complexity Index” was used to account
for possible influence of projects’ complex-
ity on their performance. For “Simple” and
“Complex” projects, agencies were requested
to provide justification for their indicated
complexity index.

� Similarly, new construction or rehabilitation/
renovation could impact performance.
Therefore, the questionnaire included an in-
dex of “New” versus “Rehabilitation” con-
struction.

� The total cost of each phase might include
some costs other than labor, such as “art fees”.
These are reflected in the performance curves.
(A description of how costs are broken down
for the phases is provided in Chapter 4 pages
30-32, item III – Classifying Costs).

� After reviewing and comparing the Work
Phases Breakdown Structure among the agen-
cies, the study team concluded that agencies
categorize most cost items similarly. Some
exceptions are “Utility Relocation Costs”,
“City Forces Construction”, and “Land Ac-
quisition”. Therefore, these items were not
broken down among phases and “Land Ac-
quisition” was totally excluded from the con-
struction cost.

� The project team agreed to use “Total Con-
struction Cost” (including all Change Or-
ders) as the basis of benchmarking (X-axis of
the graphs). “City Forces Construction” and
“Utility Relocation Costs” were also included
in the total construction cost.

� Agencies found that segregating client-driven
change orders was impractical due to the lack
of information. Therefore, they decided to
not categorize change orders at this stage of
the study. It will be considered within future
phases of study.

� Costs of project delivery tasks (planning, de-
sign, and construction management) consist
of direct labor, other direct costs (such as art
fees), and consultants costs, {as reflected in
the performance questionnaire (Appendix D-
I, page D-3)}. Defining costs as inclusive of
these elements allows agencies to include the
cost of consultants in the benchmarking
against total construction cost.
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B. DATA COLLECTION

Participating agencies provided project informa-
tion by responding to the performance question-
naire. The study team compiled the data into a
database to develop performance curves.

C. DISTRIBUTION OF PROJECTS

Table K summarizes the final project distribu-
tion. It shows a large diversity in the number of
projects. Table M shows the range of projects
costs in various categories (project types and clas-
sifications). Additional data collection at future
phases of this study will improve the study con-
clusions. Selected projects included a range of
sizes so that the final data pool was representa-
tive of each agency’s projects in each classifica-
tion.

D. PERFORMANCE GRAPHS

DEVELOPMENT

Project performance data are summarized and
presented in Appendix D-II (page D-3). After
compilation of the performance data into a
Microsoft Access database, the study team de-
veloped a Visual Basic program to exchange per-
formance data with Microsoft Excel in order to
develop and review performance curves, using
user-defined criteria.

This database will be used by the study partici-
pants to review and evaluate numerous
benchmarking models and lessons learned from
the data trends, in addition to what was reviewed
and discussed in this current study. Following
are some examples of the numerous models avail-
able in the database. These models will be more
useful upon compilation of additional data and
better distribution of projects at future phases of
this study:

� Variations of change order costs with design
cost, construction management cost, or to-
tal delivery cost

� Variations of project delivery costs with con-
sultant usage

� Effects of consultant usage on total change
order costs

� Construction management cost versus design
cost

� Effects of project indices of various delivery
costs

The database is designed to facilitate additional
data collection and instant development of the
performance graphs. It is also designed to sim-
plify future modifications to the models criteria
(e.g. using “Hours” basis, alternative categoriza-
tions and filtering, and effects of other agency
cost such as art fees).

Various graphs with different options were de-
veloped. The project team decided to include the
graphs listed in Table N in this study after a com-
prehensive review and based on participants’ ex-
pectations. These graphs are provided in Ap-
pendix D-III (pages D-31 – D-74). The nine
project type graphs for various project delivery
costs (design, construction management, and
total delivery) are also included in this section,
as well as a summary of R2 values (Table P), for
better reference and comparison.
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Table K – Projects Distribution Matrix

Agency

Project Type/
Classification

Agency
A

Agency
B

Agency
C

Agency
D

Agency
E

Agency
F TOTAL

Municipal Facilities

Libraries 4 1 2 6 0 1 14

Police / Fire Station 2 1 6 7 0 3 19

Community Building /
Recreation Center/
Children Center /
Gymnasium

3 2 4 3 0 2 14

Streets

Widening / New /
Grade Separation 3 8 4 4 2 0 21

Bridges
(Retrofit / Seismic) 7 0 4 6 0 2 19

Renovation /
Resurfacing 5 9 7 0 7 0 28

Bike / Pedestrian /
Curb Ramps 7 7 4 0 6 0 24

Signals 10 5 7 0 4 6 32

Pipe Systems

Gravity System
(Storm Drains,
Sewers)

15 0 7 21 0 4 47

Pressure Systems 7 0 6 0 0 0 13

Pump Stations 2 0 6 0 0 0 8
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Table M – Range of Projects Construction Costs

Project Type/
Project Classification

Approximate Range of
Total Construction Cost

(Including All Change Orders)

Municipal Facilities $207,000 - $28,041,000

Libraries $207,000 - $5,130,000

Police / Fire Station $534,000 - $28,041,000

Community Building /
Recreation Center/
Children Center /
Gymnasium

$323,000 - $9,122,000

Streets $10,000 - $15,921,000

Widening / New /
Grade Separation $237,000 - $15,921,000

Bridges
(Retrofit / Seismic) $53,000 - $11,475,000

Renovation /
Resurfacing $48,000 - $3,646,000

Bike / Pedestrian /
Curb Ramps $10,000 - $2,457,000

Signals $64,000 - $1,176,000

Pipe Systems $34,000 - $13,176,000

Gravity System
(Storm Drains,
Sewers)

$34,000 - $13,176,000

Pressure Systems $264,000 - $1,880,000

Pump Stations $1,710,000 - $8,290,000

Overall $10,000 - $28,041,000
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The following agreements were reached regard-
ing development of performance curves:

� Five regression options (shown in the follow-
ing figure) were reviewed:

• Linear regression assumes the dependent
variable (e.g. design costs as a percent-
age of total construction cost) linearly
changes with the independent variable
(total construction cost)

• Logarithmic regression assumes variations
of the dependent variable becomes
smaller as project size increases, in the
form of a logarithmic function

• Polynomial regression assumes that the de-
pendent variable is a polynomial func-
tion of the independent variable

• Power regression considers dependent vari-
able a power function of the indepen-
dent variable

• Exponential Regression is the inverse of
logarithmic regression and assumes that
the dependent variable is an exponential
function of the independent variable

� Logarithmic regression provided the most re-
alistic trend and the best R2 values in most
cases. In reality, delivery costs for smaller
projects are more sensitive to project size
changes, due to some fixed costs that remain
the same for small and large projects. This
fact is best represented by a logarithmic func-
tion whose slope decreases as project size in-
creases. In addition, a logarithmic regression
can be translated to a linear regression that

Regression Options
(SAMPLE DATA)
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Power: y = 193(x^0.49) Exponential: y = 404e^(0.0247x)

Linear: y = 23.6x + 302.5

Table N – Performance Benchmarking Graphs

Curve
Type Title Categorization No. of

Graphs

I & II Phase Cost / Construction Cost
Versus Construction Cost

2 Phases (Plan + Design, CM)
11 Classifications + 3 project types 28

III Delivery Cost / Construction Cost
Versus Construction Cost

1 Phase (Plan + Design + CM)
3 project types 3

IV Change Order Cost / Construction
Cost Versus Construction Cost 3 project types 3

V Total Project Duration
Versus Construction Cost

By Agency and Overall (All in one
Graph) for 3 project types 3
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simplifies statistical analyses. Therefore, the
logarithmic regression option was used in this
study.

� It was agreed that x-axis would represent the
total construction cost, including all change
orders. Caution must be taken when using
these curves to predict delivery costs for a
project whose total change order value is
unknown.

� An upper-bound curve, parallel to the regres-
sion curve was identified as an important
graphical element. A 70% confidence limit
was determined to be the upper boundary.
In other words, assuming the proposed model
can be used as a predictive tool, the delivery
cost (Design, CM, etc.) of a new construction
project has a 70% chance to fall below the up-
per-limit curve. The process of selecting this
upper-bound curve is summarized in Appen-
dix B-III (page B-19), which shows that the
actual confidence level is often more than
70% and may be as high as 85%.

� In each graph, one regression curve was de-
veloped for all data points. In this global re-
gression, each agency’s data is presented with
a unique symbol to distinguish it from the
others. It is noteworthy that an aggregation
at this level limits the use of the curves to
only “comparative tools” from a statistical
viewpoint.

� Statistical outliers were not eliminated in this
study. Nevertheless, the elimination process,
as may be applied in future phases of the
study, is explained in Appendix B-II (page
B-15).

� An analysis on application of project indices
was conducted and it was concluded that
project indexing would not provide any valu-
able insight at this time. An analysis was per-
formed to identify areas of additional data
collection. This statistical analysis is summa-
rized in Appendix B-IV (page B-25).

E. USES OF GRAPHED DATA

There are two purposes for these performance
graphs. First, they can be used to compare past
performance of each agency with the industry
overall, as represented by the six participating
agencies. Second, they can be used as a predic-
tive tool to estimate various project delivery costs
based on estimated construction cost, at bid time.
However, caution is urged relating to the latter
application until data on additional projects is
available.

F. DISCUSSION

In order to learn how well the data points are
modeled by a regression curve, “Goodness of Fit”
can be evaluated using the R2 parameter. R2 is a
value that evaluates proximity of data points to
the regression curve. An R2 equal to 1.0 repre-
sents a perfect fit and means that all data points
fall exactly on the regression curve. An R2 of 0.0
means that the regression model is totally inap-
propriate to represent data and may not be used
to predict future trends. R2’s of all the generated
curves are summarized in Table N, at the end of
this chapter. The project team reviewed the R2

values and trends of all graphs in each category
of curves.

The following discussion is based on the perfor-
mance graphs that follow (listed in Table N) and
the R2 values (Table P). This discussion is orga-
nized based on the curve groups (1 –5). For easier
reference, the graphs for each category follow the
corresponding discussion. Readers are encour-
aged to review the performance graphs in this
chapter, and the other graphs in Appendix D-III
(pages D-31 – D-74), before reading the follow-
ing discussion.
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Curve Group I

Design Cost / Construction Cost

Versus Construction Cost:

Municipal Facilities:

Most of the Municipal Facilities projects follow
a reasonable trend, showing a decrease in de-
sign%, as the project size increases. In the over-
all model (pages 48 and D-32) the R2 value of
0.3586 indicates some room for improvement
with additional data collection. It is crucial to
emphasize the importance of the large projects.
Projects larger than $8 million make a signifi-
cant contribution to the logarithmic nature of
the regression curve. Most of the projects fall
around or below the regression curve.

Among the Municipal Facilities classifications,
“Libraries” presents the most reasonable trend
and the highest R2 value (0.6544). “Fire / Police
Station” classification has the lowest R2 value
(0.1384) and can be significantly improved with
additional data collection, specifically on larger
projects.

It can be concluded that Municipal Facilities
projects have reasonable design costs (less than
50% of construction cost) and this percentage is
smaller for larger projects. The regression curve
has a desirable trend with some room for im-
provement with additional data collection.

Streets:

The global model for Streets projects has a real-
istic trend. However, the low R2 value (0.1755)
indicates much room for improvement. About
80% of the Streets projects are small projects with
small design costs. Obviously, the small projects
with extremely high design costs (more than 80%
of total construction cost) make significant con-
tribution to the current trend and low R2 value
of the model (refer to the complete curve in page
D-36). Data collection on projects larger than
$2 million and elimination of small projects with
extreme design costs (outliers)1 can significantly
improve this category of curves.

The “Bike / Pedestrian / Curb Ramps” classifi-
cation presents the best trend and the highest R2

value in this category of curves. The relatively
flat slope of “Renovation / Resurfacing” and “Sig-
nals” indicates that design cost, as a percentage
of total construction cost, is not correlated with
the project size (total construction cost). This
finding may not be conclusive due to small R2

values (0.0221 and 0.032 respectively). In con-
clusion, additional data collection is warranted,
especially for the above two classifications and
for large projects.

Pipe Systems:

Four small projects with considerably high de-
sign% (more than 65%) are the main contribu-
tors to the area above the confidence limit. The
few projects larger than $7 million make a sig-
nificant contribution to the shape of the model.
All classifications show a reasonable trend with
“Gravity Systems” being the best. Additional data
collection should emphasize on projects larger
than $4 million, specifically in the “Pump Sta-
tions” and “Pressure Systems” classifications.

1 Outliers are not eliminated in this study due to data scar-
city.  Refer to page 32 and Appendix B-II.



Page 48

Chapter 6
Performance Benchmarking

M
u

n
ic

ip
al

F
ac

ili
ti

es
-

A
ll

C
la

ss
if

ic
at

io
n

s

D
es

ig
n

%
V

er
su

s
T

o
ta

lC
o

n
st

ru
ct

io
n

C
o

st

R
2

=
0.

35
86

N
=

47

%

10
%

20
%

30
%

40
%

50
%

60
%

0
5

10
15

20
25

30

T
o

ta
lC

o
n

st
ru

ct
io

n
C

o
st

($
M

ill
io

n
)

DesignPercentage

A
ge

nc
y

A

A
ge

nc
y

B

A
ge

nc
y

C

A
ge

nc
y

D

A
ge

nc
y

F

Lo
g.

(G
lo

ba
l)

Lo
g.

(G
lo

ba
l-U

B
)



Page 49

Chapter 6
Performance Benchmarking

* 
Tw

o 
C

ur
b 

R
am

p 
pr

oj
ec

ts
 h

ad
 z

er
o 

de
si

gn
 c

os
ts

 a
nd

 w
er

e 
ex

cl
ud

ed
 fr

om
 th

is
 g

ra
ph

S
tr

ee
ts

-
A

ll
C

la
ss

if
ic

at
io

n
s

D
es

ig
n

P
er

ce
n

ta
g

e
V

er
su

s
T

o
ta

lC
o

n
st

ru
ct

io
n

C
o

st

R
2

=
0.

17
55

N
=

12
2

0%20
%

40
%

60
%

80
%

10
0%

12
0%

14
0%

16
0%

0
2

4
6

8
10

12
14

16
18

T
o

ta
lC

o
n

st
ru

ct
io

n
C

o
st

($
M

ill
io

n
)

DesignPercentage

A
ge

nc
y

A

A
ge

nc
y

B

A
ge

nc
y

C

A
ge

nc
y

D

A
ge

nc
y

E

A
ge

nc
y

F

Lo
g.

(G
lo

ba
l)

Lo
g.

(G
lo

ba
l-U

B
)



Page 50

Chapter 6
Performance Benchmarking

P
ip

e
S

ys
te

m
s

-
A

ll
C

la
ss

if
ic

at
io

n
s

D
es

ig
n

P
er

ce
n

ta
g

e
V

er
su

s
T

o
ta

lC
o

n
st

ru
ct

io
n

C
o

st

R
2

=
0.

44
3

N
=

68

0%20
%

40
%

60
%

80
%

10
0%

12
0%

0
2

4
6

8
10

12
14

T
o

ta
lC

o
n

st
ru

ct
io

n
C

o
st

($
M

ill
io

n
)

DesignPercentage

A
ge

nc
y

A

A
ge

nc
y

C

A
ge

nc
y

D

A
ge

nc
y

F

Lo
g.

(G
lo

ba
l)

Lo
g.

(G
lo

ba
l-U

B
)



Page 51

Chapter 6
Performance Benchmarking

Curve Group II

Construction Management Cost/

Construction Cost Versus

Construction Cost:

Municipal Facilities:

In general, the patterns of the regression models
are more or less similar to the Design% graphs.
The trends, in general, are good. However, R2

values are very low (<=0.4613). This indicates a
wide scatter of CM% around the regression
model. With the exception of one library project
with a CM% of 28%, all CM% values are smaller
than or in the neighborhood of 20%. Most of
the outliers are small projects. Projects larger than
$8 million make significant contribution to the
trend of the model. Additional data on larger
projects can significantly improve the global
model (page D-48).

In conclusion, construction management curves
for Municipal Facilities have significantly smaller
R2 compared to Design curves. This indicates
that various projects and/or various agencies have
different construction management costs. In
other words, construction management costs are
influenced more than design costs by factors
other than project size.

Streets:

The CM% graph is very similar to the Design%
graph for Streets projects. Some projects with
extremely high CM% (>70%) are the main con-
tributors to the area above the confidence limit.
A very large number of small street projects were
provided in this study. These are mostly “Reno-
vation / Resurfacing”, “Bike / Pedestrian / Curb
Ramps”, and “Signals”. Additional data on larger
projects can be very useful. Nevertheless, the
above three classifications usually do not have
large projects and can hardly contribute to sizes
larger than $5 million. This emphasizes the need

for segregating the data by project classification,
as recommended by the statistical analysis (Ap-
pendix B-I, page B-3).

The study concluded that construction manage-
ment curves for Streets have a reasonable trend,
but low R2 (wide scatter). “Widening / New /
Grade Separation” classification has an exception-
ally flat slope and a very low R2 (0.0001) that
represents lack of correlation between construc-
tion management cost and project size (total
construction cost). The wide scatter of data (low
R2) in some classifications can be attributed to
the inherent differences among the projects, as
explained for Municipal Facilities.

Pipe Systems:

The trends of the regression curves are realistic.
There are many small projects with low construc-
tion management cost (less than 15% of total
construction) and a few small projects with high
construction management costs (greater than
35% of total construction). The global R2 value
is higher than Municipal Facilities and Streets.
This indicates less influence by factors other than
project size. The R2 is much smaller than the
Design%. Specifically, “Pump Stations” classifi-
cation has a very high R2 value (0.6430). How-
ever, this value is not reliable due to the very small
number of “Pump Station” projects. To conclude,
the Pipe Systems project type has a better model
than the other two project types. Additional data
collection should concentrate on medium size
projects ($2 million to $8 million) in all classifi-
cations and large projects in “Pump Stations” and
“Pressure Systems”.
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Curve Group III

Project Delivery Cost / Construction

Cost Versus Construction Cost

Municipal Facilities:

The project delivery model for Municipal Fa-
cilities has a realistic trend. Projects are relatively
well distributed around the regression curve. The
relatively high numbers of smaller projects re-
duces the R2 value (0.4228).

Streets:

The general trend of the model is good. A large
number of small projects are clustered at lower
left corner of the graph. This indicates the need
for additional data collection on projects larger
than $2 million. The low value of R2 for Streets
project type is attributed partially to the cluster-
ing of small projects and partially to the two
Street projects with very high project delivery
costs (above 100% of construction cost).

Pipe Systems:

The Pipe Systems project type also has a good
general trend and the R2 value is relatively high.
Similar to Streets, additional data on projects
larger than $2 million can significantly improve
the model.

General Comments:

The Pipe Systems project type shows the highest
R2 value (0.5350) and Streets project type has
the lowest (0.2934). In general, the Municipal
Facilities project type presents low project deliv-
ery costs, whereas Streets and Pipe Systems show
similar values and trends, higher than Munici-
pal Facilities. These curves also confirm the need
for collecting information on large projects (>$4
million), especially for Streets and Pipe Systems.
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Curve Group IV

Change Order Cost / Construction

Cost Versus Construction Cost:

Based on the following Change Order graphs, it
appears that the Change Order models are not
appropriate for forecasting purposes. The regres-
sion curves are either flat or slightly ascending
and there is an extremely wide scatter of data
around the regression curve. The very small R2

values (0.0365-0.0013) indicate that no predic-
tions can be made from the Change Order Costs
regression curves and using these curves as a pre-
dictive tool is not recommended. More data on
large projects should be collected and some of
the small projects that are outliers need to be
revisited and, perhaps, eliminated. No conclu-
sive remarks can be made at this time other that
the observation that there is no correlation be-
tween Change Order % and total construction
cost.

Curve Group V

Total Project Duration Versus

Construction Cost:

Comparison of the three project types graphs
shows that the Municipal Facilities project type
has a more realistic trend: larger projects take
longer to build. In the Pipe Systems and Streets
categories, on the other hand, total durations
remain constant (or even decrease) as project sizes
increase. This discrepancy is partially due to the
outliers; the small projects (less than $1 million
total construction cost) with considerably large
total duration (more than 200 months). This
effect is more significant for Streets due to larger
number of outliers.

In general, the data points show large scatters
around the regression curves and have very small
R2 values (<0.2). Almost no correlation can be
made between Projects durations and their total
construction costs for Municipal Facilities
(R2=0.0621) and Streets (R2=0.088). The Pipe
Systems model shows a slightly better fit to the
data points (R2=0.1912). No conclusive remarks
can be made unless additional data is collected
and the outliers are eliminated.



Page 60

Chapter 6
Performance Benchmarking

Table P – Performance Graphs R2 Results

Project Type/
Project Classification

Design %
vs

Construction Cost

Construction
Management %

vs
Construction Cost

Project Delivery %
vs

Construction Cost

Municipal Facilities 0.3586 0.1997 0.4228

Libraries 0.6544 0.2253

Police/ Fire Station 0.1384 0.1041

Community Building /
Recreation Center/
Children Center /
Gymnasium

0.5689 0.4613

Streets 0.1755 0.2619 0.2934

Widening / New /
Grade Separation 0.2129 0.0001

Bridge
(Retrofit / Seismic) 0.5038 0.2233

Renovation /
Resurfacing 0.0221 0.6387

Bike / Pedestrian /
Curb Ramps 0.6382 0.3613

Signals 0.0320 0.0668

Pipe Systems 0.4430 0.2884 0.5350

Gravity System
(Storm Drains,
Sewers)

0.4929 0.3577

Pressure Systems 0.2100 0.1630

Pump Station 0.1988 0.6430
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Table Q – CIP Delivery Costs*

Project Type/
Project Classification

Total
Construction
Cost (TCC)

Design Cost
TCC

Construction
Management

Cost
TCC

Project
Delivery

Cost
TCC

TCC< $0.5M 35% - 50% 17% - 19% 48% - 55%
$0.5M<TCC<$ 3M 25% - 44% 12% - 15% 35% - 42%Municipal Facilities
TCC> $3M 19% - 37% 9% - 12% 28% - 35%
TCC< $0.5M 38% - 43% 22% - 27%
$0.5M<TCC<$ 3M 26% - 32% 17% - 21%Libraries
TCC> $3M 20% - 24% 11% - 16%
TCC< $0.5M 23% - 28% 12% - 14%
$0.5M<TCC<$ 3M 19% - 23% 10% - 12%Police/ Fire Station
TCC> $3M 16% - 21% 8% - 11%
TCC< $0.5M 38% - 43% 16% - 18%
$0.5M<TCC<$ 3M 28% - 32% 11% - 13%

Community Building /
Recreation Center /
Children Center /
Gymnasium TCC> $3M 20% - 25% 8% - 11%

TCC< $0.5M 30% - 40% 20% - 28% 45% - 61%
$0.5M<TCC<$ 3M 19% - 35% 12% - 20% 32% - 47%Streets
TCC> $3M 19% - 35% N/A N/A
TCC< $0.5M 28% - 32% 12% - 17%
$0.5M<TCC<$ 3M 20% - 25% 12% - 17%

Widening / New /
Grade Separation

TCC> $3M 16% - 21% 12% - 17%
TCC< $0.5M 60% - 80% 18% - 23%
$0.5M<TCC<$ 3M 32% - 55% 14% - 19%

Bridges
(Retrofit / Seismic)

TCC> $3M 19% - 40% 12% - 17%
TCC< $0.5M 12% - 18% 20% - 25%
$0.5M<TCC<$ 3M 11% - 17% 13% - 18%

Renovation /
Resurfacing

TCC> $3M 11% - 17% N/A
TCC< $0.5M 22% - 40% 22%-35%
$0.5M<TCC<$ 3M 18% - 35% 5% - 10%

Bike / Pedestrian /
Curb Ramps

TCC> $3M N/A N/A
TCC< $0.5M 18% - 25% 20% - 28%
$0.5M<TCC<$ 3M 15% - 22% 19% - 25%Signals
TCC> $3M N/A N/A
TCC< $0.5M 35% - 42% 17% - 22% 45% - 62%
$0.5M<TCC<$ 3M 19% - 35% 10% - 15% 30% - 45%Pipes
TCC> $3M 19% - 35% N/A N/A
TCC< $0.5M 35% - 50% 17% - 22%
$0.5M<TCC<$ 3M 20% - 35% 12% - 18%

Gravity System
(Storm Drains, Sewers)

TCC> $3M N/A N/A
TCC< $0.5M 18% - 23% 16% - 19%
$0.5M<TCC<$ 3M 14%-17% 13% - 16%Pressure Systems
TCC> $3M N/A N/A
TCC< $0.5M N/A N/A

Pump Station
$0.5M<TCC<$ 3M 15% - 17% 17% - 19%

* The values in this Table provide an overall summary of the performance benchmarking results.  Caution is necessary in
using this information as a predictive tool.  Additional data, at future phases of this study, will significantly improve this
Table and may provide a basis for more accurate forecasting.
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A.  PROCESS BENCHMARKING:

“RECOMMENDED BEST

MANAGEMENT PRACTICES”

The process benchmarking phase of this
study proved to be a unique and pro
ductive opportunity for senior respon-

sible personnel from six of the larger cities in
California to discuss and evaluate their project
delivery methods.  Project team members are
committed to continuing this dialogue into fu-
ture study phases to expand the knowledge base
and improve project delivery performance.

The general purpose of process benchmarking
was to identify the best management practices
that are common among the agencies and rec-
ommend the best management practices that can
significantly improve delivery of capital projects
on time, within budget, and to the client’s satis-
faction.

Each agency was able to compare what worked
for them and gain insight into what worked for
other agencies. The most surprising part of the
study was the similarities, not the differences,
among agencies.  Government agencies are con-
strained by similar sets of laws and regulations
regarding land acquisition, environmental review,
consultant hiring, public bidding, and social
policies.  The differences occur primarily in the
degree of flexibility provided by local governing
bodies to Directors of Public Works/City Engi-
neers. Each agency makes its own decisions about
the degree and type of oversight provided.

Conclusions of the process benchmarking study
are:

� 24 processes are recommended as the best
management practices that are beneficial to
all agencies for delivering Capital Improve-
ment Projects.  These processes are listed in
Chapter 1 as well as Chapter 5 of this report.

� 15 processes were identified the best man-
agement practices that are commonly imple-
mented by all participating agencies, at some
level.  Similarities among participating agen-
cies may provide a rationale for aggregating
project information into one regression
model, despite statistical limitations.

� “Consultant Selection and Usage” and “De-
sign” are the most commonly implemented
practices. The recommended best manage-
ment practices in the “Planning Processes”
category have good potential for implemen-
tation and improvement.

B.  PERFORMANCE BENCHMARKING

The performance regression curves for delivery
costs fell within ranges that appeared both rea-
sonable and predictable, based on the collective
experience of the project team.  Consensus was
reached on the following conclusions and rec-
ommendations regarding the performance curves:

Design Cost Conclusions

The percentage of design costs, as a percentage
of construction costs, decreased as the size of
project increased.    This is understandable due
to the many fixed activities that must be done to
plan, design, bid, and award a project regardless
of the size.



Page 64

Chapter 7
Conclusions and Recommendations

Design costs curves variance was the least in
Municipal Facilities projects with respect to varia-
tions in total construction costs, compared to the
other two project types (Streets and Pipe Systems).
The project team concluded that this was consistent
with their experience that larger buildings require
proportionally greater design detail, resulting in
increased design costs.  An exception to this is when
the building is a repetitive multi-story structure.

The repetitive nature of details and typical sec-
tions found in most Street projects influences
the design costs for this type of project.  Design
costs on larger projects reduce predictably be-
cause of this repetitiveness.

The Pipe Systems model showed the most dra-
matic decline in the design costs as a percent-
age of total construction costs, as the total con-
struction costs increased. The project team con-
cluded that this was consistent with their experi-
ence that underground work such as pipe sys-
tems require extensive research on existing utili-
ties and other possible interfering structures and
that this research time is not always proportional
to the size of the project (i.e. utility information
for an entire block can be researched and plot-
ted as easily as just an intersection).

Construction Management Cost

Conclusions

Construction management costs as a percent-
age of total construction costs decreased with
the increasing sizes of the projects (total con-
struction costs).  The project team concluded
that fixed costs associated with requiring con-
struction reports and project accounting would
account for the lower percentages on the larger
projects.

In the Streets project category, construction
management costs as a percentage of total con-
struction cost varied the most with changes in
total construction costs.  The project team con-
cluded that this is due to costs related to materi-

als testing, compaction reports, traffic control-
ler testing, and other related activities that would
not change proportionately with respect to
project size.

Total Project Delivery Cost

Conclusions

Total project delivery cost is expected to run
between 10% and 62% of the total construc-
tion cost.  Variations for different project types
can be explained by the previous discussions on
design and construction management costs as
percentages of total construction costs.

Conclusions about Change Order

Costs

The benchmarking models for change order costs
as a percentage of total construction costs versus
construction costs did not prove effective.  No
conclusions can be made other than the need for
additional data collection and identification and
elimination of outliers, as discussed in Chapter
6, Page 41.

Conclusions about Project

Duration

The regression models for total project durations
did not provide much information other than
the need for additional data collection the elimi-
nation of outliers (refer to Chapter 6 – Page 41
for detailed discussion).

C.  STUDY QUALIFICATIONS AND

CHARACTERISTICS

The California Multi-Agency CIP Benchmarking
Study has developed a solid and beneficial foun-
dation for process and performance
benchmarking.  Throughout this report it has
been noted that additional project data will fur-
ther improve the study.  The statistical analysis
showed that it is inappropriate to bundle project
data from project classification level to project
type level, based on the current data range.  Ide-
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ally, the study should include at least 10 projects
in each category (project classification), for each
agency.  About 50% of these projects should be
new construction and the remaining should be
rehabilitation or renovation projects”.

Analysis of the project indexing study also con-
firmed that additional data collection is required.
It also identified “Data Gaps” and the scope of
needed additional data collection (Appendix B-
IV, page B-24).  Projects smaller than $100,000
and greater than $10,000,000 significantly in-
fluence the trend of the regression curves por-
trayed within this phase of the study.  The re-
gression curve is expected to improve significantly
with the addition of data (e.g. the design per-
centage should never go to zero).  In conclusion,
the above discussion suggests the following:

� Individual agencies can benefit from using
the current performance curves as “compara-
tive” tools rather than “predictive tools”.  The
best use of these curves, with the current data,
is to compare an agency’s performance to in-
dustry trends.

� Additional project data will improve the re-
sults of this study and its ability to predict
resource requirements to deliver a Capital
Improvement Project. The current perfor-
mance curves provide a good snapshot of
industry performance and, without standard-
ization, these curves may be used to roughly
forecast project delivery resource require-
ments.

� Areas of additional data collection, as iden-
tified by the statistical analysis, include:

• At least 10 projects per classification are
needed.   This number should be tripled
(due to the three complexity categories)
which results in 2,000 projects, of which
1,000 would be new construction and
1,000 rehabilitation to make the best use
of the complexity indices.

• Collect more “Complex” and “Simple”
Projects, more projects of smaller size, and
more “Pipe Systems” Projects with diverse
New/Rehab indices

� At this stage of the study, the project team
did not categorize change orders based on
their source (Unforeseen and Changed Con-
ditions, Design Changes, Owner-Initiated,
Commissioning/Optimization, Miscella-
neous).  Segregation of these change orders
and benchmarking only against “Design
Changes” would be a significant improve-
ment to the current study.

� The study found that agencies’ multipliers
were similar and it was therefore reasonable
to use “Costs” as the comparative basis, in-
stead of “Hours”.  During future phases, new
participants’ multipliers should be compared
in order to determine if the continued use of
the “Costs” approach is appropriate.

In the process questionnaire, the selection of scale
is subjective.  The definition of the (0-5) scale
was based on the project team’s experiences and
expertise rather than performance outcomes.
Individuals’ perception identified 0 as meaning
“weak” and 5 as meaning “strong”.  For example,
it may be believed that implementation of “Web-
based Project Controls System” is a best man-
agement practice and an agency with a score of
5 for this question is assumed to have a good
performance.  In reality, that may or may not be
the case.

We can conclude that the following modifica-
tions to the process benchmarking may be use-
ful at future phases of this study:

� It would be helpful to link processes to perfor-
mance.  In order for that to occur, the process
data should be collected in the same time frame
as the performance data and, therefore, they
should be project specific.
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� Process questions should be expertly designed to
be objective and presented in random order,
without any pre-assumptions for “good” and
“bad” management practices. The questions
should not communicate the meaning of
“strong” or “weak” to the respondents to mini-
mize data biases.

D. NEXT STEPS

� This study builds the foundation of a con-
tinuous benchmarking study.  The results of
the performance curves can be improved by
additional data.  Various sources of discrep-
ancy and bias were identified and accounted
for during data collection and analysis (e.g.
variations in agencies’ labor cost multipliers,
differences in work breakdown structures,
possible effects of projects indices, and
projects that are not representative of agen-
cies’ standard processes).

� Areas and scope of additional data collection
were identified in this study.  During the next
phase, additional data collection will be an
important task.

� The difficult task of defining the salient char-
acteristics of “complex” and “simple” projects
should be an early step in future phases of
the study.

� Delivery costs associated with consultants’
services can be distinguished from in-house
delivery costs and a comparison can be con-
ducted between in-house delivery and the
usage of consultants in future studies.

� A user interface form can be used to update
the project database.  As project information
is compiled into the project database, per-
formance data will be updated automatically
and the performance curves can be gener-
ated.   In addition, the database can be en-
hanced to account for elimination of outli-
ers, provide intelligent recommendations for
betterment of project selection as well as
output analysis, and generate various reports.

� Linking processes to performance is a useful
task to perform in future benchmarking stud-
ies.  The process information can also be
added to the project database and the sys-
tem can be programmed to find correlations
among processes and various performance
parameters and provide intelligent conclu-
sions and recommendations.
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City of Los Angeles
Bureau of Engineering

MULTI-AGENCY BENCHMARKING STUDY BRIEFING PAPER

Introduction

The City of Los Angeles, Bureau of Engineering is proposing a multi-agency Benchmarking study
to compare the costs and processes associated with the delivery of capital improvement projects.
This briefing paper is prepared to solicit agency participation, to identify the project goal, to
provide a summary of the scope of work, and to provide a preliminary schedule to achieve the
project goal within the defined scope.

Project Goal

The purpose of this project is to provide a general analysis of the efficiency of capital project
delivery systems within several agencies in California. Seven city agencies have been
preliminarily identified for participation. Three types of projects proposed to be included in the
study are: Streets, Wastewater, and Municipal Facilities (Buildings). Each agency will be asked to
supply data from 8 to 10 completed projects within each project type.

Performance and process benchmarks will be defined. Performance Benchmarking involves the
development of comparative cost data on projects within each agency. The proposed measure of
efficiency will be the hours expended on each phase compared to cost of construction. As an
example, hours expended on design will be compared and contrasted with total construction cost.
Process Benchmarking focuses on the project management and business practices for delivering
the projects. The goal of this study is to define processes, to arrive at a general measure of
comparative performance, and then to link the processes to the measured performance.

Scope of Work

As noted above, three (3) project types will be investigated in this study: Streets, Wastewater,
and Municipal Facilities (Buildings). The project participants that are proposed include seven (7)
major cities in the State of California: Long Beach, Sacramento, San Diego, San Francisco
(Department of Public Works), San Francisco (Public Utility Commission), San Jose, and Los
Angeles. Two representatives from each city will be asked to participate in this study. The
representatives are expected to be “Full” Engineers or higher positions within the agencies, with a
senior manager (Department Manager or Director position) serving in an oversight capacity.

Cost information for each project phase will be collected and analyzed. Five (5) phases are
defined at this time: Pre-design, Design, Bid & Award, Construction, and Post-construction. The
number of phases, however, may be narrowed down to three, Pre-Design, Design, and
Construction, depending on availability of information.

Between eight and ten projects per category, per city, will be studied. All data will be compiled
into a database and various comparison reports and/or correlation analyses will be generated for
the purpose of this study. Additional Benchmarking data from previous Benchmarking studies will
be incorporated as appropriate.

Project Plan and Schedule

Monthly meetings will be held to facilitate data collection, data compilation, and trend analysis
between process benchmarks and performance benchmarks.

• Monthly Meetings: Meeting schedules and their tentative agendas are tabulated below. At
least one representative per participating agency is requested to participate in the
monthly meetings. The senior management representative should attend the first
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meeting in order to get agency “buy-in” on the project. The “Full” Engineer position
should also attend the first meeting and subsequent meetings thereafter. The City of Los
Angeles will also create the database and enter data provided by all participants into the
database for analysis.

• It is proposed that the locations of the meetings would alternate between Los Angeles
and Sacramento.

Meeting # Date Agenda

1 December 19, 2001

Presentation by each agency
Finalize selection of project types
(Areas)
Confirm agencies participation
Determine required level of effort and
resource requirements.
Identify benchmarks and define
questionnaires preparation criteria

2 January 10, 2002

Review, refine, and finalize
questionnaires
Estimate data collection scope and
requirements

3 February 12, 2002
Finalize data collection criteria
Define database design criteria
Initiate data collection

4 March 14, 2002
Progress Report
Present preliminary data
Discuss data collection problem areas

5 April 11, 2002
Finalize data collection
Discuss data compilation and analysis
process

6 May 9, 2002

Finalize Database and data analysis
Prepare and present draft graphs and
tables using real data collected
through questionnaires
Report planning approach and
strategy

7 June 13, 2002
Prepare and submit draft report
Finalize database tables, graphs, and
forms

8 July 11, 2002 Submit final report and database

• The process topics will be defined based on the input provided by the agencies’
participants in the meetings and through the resultant questionnaire. The process
questionnaire will be designed to gather information about agencies’ procedures and their
processes to initiate, perform, and close out a project. For example, availability of
Training Programs, consultant procurement and usage, and procedures manuals are
process questions.

• Performance data about the projects, such as cost variance information, will be collected
from the agencies for comparison.

• A Microsoft Access database will be developed and used to compile the project
information into the computer and to perform the detailed analysis. Performance and
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process benchmarks that are identified in the monthly meetings will be used as a
comparison basis in the database.

• The program will generate tabular reports to be analyzed and to conclude comparative
efficiency of the selected projects. Trends of all performance parameters versus process
parameters will be identified and the success of each agency’s capital projects will be
compared to and contrasted with other agencies’ projects to identify success and
hindrance symptoms and their causes.

Outputs

This study will provide tabular and/or graphic reports depicting trends among various
performance and process benchmarks. The following are some example reports:

• Planning hours versus construction costs
• Design hours versus construction costs
• Construction Management hours versus construction costs
• Total project hours versus construction costs
• Change Order percent versus construction costs
• Ratio of consultants to in-house engineers versus construction costs

These reports will then be reviewed and the probable relationships between processes and
project performance identified. The final results will be published with all data presented
anonymously. The greatest value of the data is that it will stimulate thought process among the
agencies, allowing each agency to find ways to improve its own processes.

Deliverables

• A short report with brief explanation of process and performance benchmarks and their
correlations, data analysis, and final recommendations and conclusions. The final report
will explain the team’s approach to:

Define suitable process and performance benchmarks and their relationships
Identify Best Practices in capital projects and lessons learned
Provide recommendations to improve performance of such projects, effectively and
economically.

• A Database program, containing collected data and generated reports.

E:\CityOfLA - Benchmarking\Project Report\Draft Report_042902.doc
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A-II. Administrative Items
Information
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Agency
Fringe

Benefits
Compensated

Time Off
City

Overhead
Department
Overhead

Agency
Overhead

Indirect Rate
Factor(1)

Entity
Receives

General Fund
Support For

Projects
(YES/NO)

City of Long Beach
Department of Public
Works

38.60% 19.40% 4.40% 11.90% 72.70% 147.00% YES

City of Los Angeles
Department of Public
Works/
Bureau of Engineering

15.76% 18.67% 26.07% 26.28% 57.94% 144.72% YES

City of Sacramento
Department of Public
Works

30.00% 18.70% 27.82% 5.76% 66.41% 216.43% YES

City of San Diego
Public Buildings & Parks /
Field 27.70% 15.50% 12.00% 33.10% 4.00% 92.40%

NO

Transportation & Drainage
Design / Field 27.70% 14.70% 47.90% 39.40% 4.60% 134.20%

Water / Wastewater
Facilities / Field 27.50% 13.50% 11.90% 53.60% 4.30% 110.80%

City and County of San
Francisco
Department of Public
Works /
Bureau of Engineering /
Bureau of Construction
Management /
Bureau of Architecture

20.97% 22.37% 15.02%

(

2

)
26.41% 66.25% 136.00% NO

City of San Jose
Department of Public
Works

26.79% 25.00% 40.86% 13.00% INCLUDED 148.00% NO

(1) This value may be different from the Summation of the overhead values. The compounding formula is different for different Agencies.
(2) Not included in the Indirect rate because it is not charged to these projects
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FRINGE BENEFITS

City of
Long Beach City of Los Angels City of Sacramento City of San Diego City and County of

San Francisco City of San Jose

• Deferred comp (city
contribution)

• FICA Medicare

• Health, dental, life
insurance

• Payroll Admin

• Retirement pension

• Worker’s Comp

• Dental Insurance

• Employee
Assistance

• Health Insurance

• Hiring Hall Fringe

• Life Insurance

• Medicare

• Pensions
(Fire/Police Sworn)

• Retirement
(Civilians)

• Social Security

• Unemployment
Insurance

• Union Sponsored
Benefits

• Unused
Sick/Vacation
Payout

• Worker’s
Compensation
(PST) (457
Retirement Plan)

• $45 Transportation
Allowance

• 80% Reimbursed
Transit Pass

• City-Paid Employee
PERS

• Disability Insurance
Contribution

• Life Insurance
Contribution

• Medical/Dental Ins
Contribution

• FICA/Medicare
Insurance

• Flex Benefits Plan

• LT Disability

• Retirement

• Risk Management
Admin

• Unemployment
Insurance

• Unused Sick Leave

• Workers Comp
Insurance

• Dependent
Coverage

• Flexible Benefit
Package

• Health Services –
City Match

• Long-Term
Disability Insurance

• Retirement Pick-Up

• Social Security –
Medicare

• Social Security
(OASDI)

• Unemployment
Insurance

• Concern

• Dental Insurance

• Health Insurance

• Legal

• Life Insurance

• Medicare

• Retirement

• Salary
Continuation

• SSN

• Unemployment

• Uniform

• Unused Sick /
Vacation Payout

• Vision Insurance
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COMPENSATED TIME OFF

City of
Long Beach City of Los Angels City of

Sacramento City of San Diego City and County of
San Francisco City of San Jose

• Bereavement
• Holiday
• Jury Duty
• Sick leave
• Union leave
• Vacation

• Bereavement
Leave

• Family Illness
• Floating Holiday
• Holiday
• Injury on Duty
• Jury Duty
• Military Leave

• Preventive
Medicine

• Sick Leave
• Vacation
• Workers’

Compensation

• 10 Days
Mgmt Leave

• 10 Vacation
Days

• 12 Sick Days
• 12 to 14

Holidays

• Accident Prevention Mtgs.
• Annual Leave/Pay in Lieu
• Annual Leave/Sick Family
• Annual Leave/Sick Personal
• Annual Leave/Vacation
• Cash Bonus
• City Civil Service Exams
• City Health Wellness Program
• City Job Interviews
• City Medical Exams
• Comp Time Hours Taken
• Court Leave - Jury Duty
• Court Leave - Witness Duty
• Discretionary Leave
• Exceptional Performance Pay -

EPP
• Floating Holidays
• Grievance Processing
• Holiday Credit on Day Off
• Holidays - Scheduled
• Industrial Leave
• In-Service Training
• Labor Relations Meeting
• Seminars and Conferences
• Sick Leave Old/Personal
• Termination Pay
• Voluntary Leave - Paid

• Associated
mandatory fringe
benefits

• Compensatory
time off

• Holiday pay
• Sick pay
• Vacation

• Disability Leave
• Executive Leave
• Funeral Leave
• Holiday Leave
• Jury Duty
• Military Leave
• Paid Time Off
• Personal Leave
• Sick Leave
• Vacation
• Witness Leave
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CITY OVERHEAD

City of
Long Beach City of Los Angels City of Sacramento City of San Diego City and County of

San Francisco City of San Jose

• City Attorney
• City Auditor
• City Clerk
• City Manager

Legislative
• Financial

Management

• Building Leases (GSD &
Spec. Funds)

• Building Use Allowance
• Computer Assets

Depreciation (Items
costing $5,000 & above)

• Communications Lease
(Telephone bill)

• Equipment Use
Allowance (Items costing
$5,000 & above)

• Equipment Exp. Under
$5,000 (Computers &
equipment costing under
$5,000)

• Emergency Operations
Expenses

• Natural Gas Utility (GSD)
• Insurance on bond

financed assets
• General City Purposes
• Liability Claims
• Petroleum Products

(GSD)
• Vehicle Depreciation
• Water & Electricity

City Wide Support
Functions such as:

• Accounting
• Budget
• Central Copy/Stores
• City Attorney
• City Clerk
• City Computer

Support
• City Manager
• Etc.
• Finance
• IT Administration
• Payroll
• Procurement
• Revenue
• Telecommunications

Departmental
Support Costs:

• Citizens
Assistance

• City Attorney
• City Auditor &

Comptroller
• City Clerk
• City Manager
• City Treasurer
• Citywide Dept

(includes
Liability
claims)

• Financial
Management

• Intergovernme
ntal Relations

• Personnel
• Purchasing

• Board of Supervisors
- Budget Analyst

• Building Repair
• Building Use

Allowance
• City Attorney
• Civil Service

Commission
• Controller’s Office –

Administration
• Controller’s Office –

Audits
• Controller’s Office –

Operations
• Controller’s Office –

PPSD
• General City

Responsibility
• Health Services –

General Fund
• Human Resources
• ISD – General Fund

subsidy
• Mayor’s Budget

Office
• Purchasing
• Purchasing – Central

Shops
• Purchasing –

Repro/Mail
• Real Estate
• Worker’s

Compensation

Support Services
including:
• Building Occupancy
• Cafeteria
• City Attorney
• City Auditor
• City Clerk
• City-wide Programs
• Civil Service

Commission
• Departments of City

Manager
o Budget Office
o Economic

Development
o Emergency

Services
o Employee Relations
o Equality Assurance
o Quest Partnership

• Equipment Use
• Finance
• General Services
• Human Resources
• Independent Police

Auditor
• Information Technology
• Mayor & Council

• Planning
Commission
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DEPARTMENT OVERHEAD

City of
Long Beach City of Los Angels City of Sacramento City of San Diego City and County of

San Francisco City of San Jose

• Accounting

• Budget
Management

• Contract processing
Council
correspondence

• Personnel Admin

• Accounting staff

• Budget staff

• Clerical Staff/word
processing staff
serving the entire
department

• Department
Management (Gen.
Mgr. & Asst. Gen.
Mgrs.)

• Inventory staff

• Payroll staff

• Personnel & training
staff

• Systems Staff

• Vehicle maintenance
staff (Police & Fire
only)

• Warehouse/inventory/
stores staff

• Public Works
Administration

• Public Works
Advanced
Computer Support

• Depreciation of
Buildings

• Depreciation of
Equipment

• Indirect capital
outlay

• Indirect data
processing

• Indirect salaries
and fringe (DDs,
Eng. Admin)

• Indirect
supplies/services

• Indirect utilities

• Operation/Mainten
ance/Rent of
Buildings

• Accounting

• Claims

• Computer
Services

• Contract
Administration

• Deputy Director’s
Office

• Director’s Office

• DPW Training

• Finance & Budget

• Health & Safety

• Personnel &
Payroll

• Public Affairs

DPW
Administrative
Support including:

• Administration
Division

• Department-wide
management
tasks such as
budget and HR
performed by
Division
managers that is
applied to direct
labor only

• Director’s Office

• Engineering
Services support

• Real Estate
Division support
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AGENCY OVERHEAD

City of
Long Beach City of Los Angels City of Sacramento City of San

Diego
City and County of

San Francisco
City of San

Jose
• Building rent
• Consultants
• Fleet services
• Phones
• Salaries and

wages
• Technology

services

• City Engineer
• Deputies
• Division Heads
• Secretaries/Clerical
• Section Supervisors
• Senior Engineers

• Division OH
Benefits

• Division OH
Operational
Services and
Supplies

• Division OH
Salary

• Assoc.
Analyst

• Asst. to
Director

• Director
• Exec.

Secretary
• Sr. Analyst
• Sr. Engineer

• Management staff salaries
• Clerical staff salaries
• Administrative staff salaries
• IS support staff salaries
• Temporary salaries
• Premium/standby pay
• Overtime
• Associated mandatory fringe benefits
• Travel
• Training
• Membership dues
• Entertainment & promotions
• Professional services
• Rent
• Use of employee cars
• Local field expenses
• Postage
• Building maintenance services
• Office equipment rental/maintenance
• Security services
• Materials & Supplies
• Professional registration reimbursements
• Equipment
• Repair of radio equipment
• Telephone services
• Workers Compensation
• Human Rights Commission services
• Medical services
• Vehicle maintenance
• Vehicle fuel
• Administer prevailing wage rates
• Mail service
• Reproduction
• Light, heat & power
• GIS support cost
• Sewer service charge

• NONE
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A-III. Multipliers Application
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• Translate “Cost” data into “Effort“ (No. of Hours):

[ ]
Design Cost

Base Rate

1

(1 + O.H. Factor / 100)
xDesign Effort = / (CC + CO) x $1M

Design Cost

Base Rate

1

(1 + O.H. Factor / 100)
xDesign Effort = / (CC + CO) x $1M

• Example Project:

“AGENCY XXX – PROJECT YYY”

Design Cost = $62,535 CC + CO = $965,167

O.H. Factor = 147.00% Assume Base Rate = $35/Hour

Design Effort ~ 750 Hours per Million Dollar of Construction

62,535

35

1

(1 + 147/100)
xDesign Effort = / 965,167 x 1,000,000[ ]

62,535

35

1

(1 + 147/100)
xDesign Effort = / 965,167 x 1,000,000[ ]
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B-I. Level of Data Aggregation
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Statistical Analysis of Construction Cost Data

Final Report Submitted To:

Vanir Construction Management

by

Dessouky1 & Associates
11348 Wembley Rd

Los Alamitos, CA 90720

(562) 706-2025
Email: maged@usc.edu

(April 29, 2002)

1 Dr. Dessouky is an Associate Professor at the Industrial and Systems Engineering Department of
the University of Southern California. He has extensive research experience and numerous
publications in production and operations management, transportation system modeling and
optimization, statistical simulation, and operations research applications to industrial systems.



B-4

Project Summary
The purpose of this study is to determine the appropriate aggregation level of the
independent variables (the sum of the construction value and change orders) in a
regression model predicting % design cost, % construction management cost, and %
project delivery cost for six public agencies. There are three “project type” categories:
municipal facilities, streets, and pipe systems. Within each project type, there are many
“project classifications”. They are:

Municipal Facilities
Libraries
Police / Fire Stations
Community Buildings/Recreational Centers/Child Care/Gymnasiums

Streets
Widening / New / Grade Separation
Bridges / Retrofit / Seismic
Renovation/Resurfacing
Bike/Pedestrian/Curb Ramps
Signals

Pipe Systems
Gravity Systems (Storm Drains, Sewers)
Pressure Systems
Pump Stations

Table 1 lists the number of data points for each category (project type/project
classification) for each agency. As the table shows, there are a number of cells that do
not have many collected data points. Tables 2-4 show the average and standard error
of % design cost, % construction management cost, and % project delivery cost for
each category for each agency. The standard error measures the variability of the
mean value. The tables reveal that in a number of cases the averages for the
particular project classifications within a category can vary significantly. For example, in
Table 2 the % design cost for the street projects in Agency A vary from an average of
12.54 for renovation/resurfacing to an average of 76.04 for bridges (retrofit/seismic).
There are many other examples in the tables that illustrate these differences within a
category.

This comparison of the respective averages shows the need to potentially account for
the different project classifications within a project type separately within a regression
model predicting the % design cost, % construction management cost, and % project
delivery cost. To further study the appropriate aggregation level, two different
regression models were developed. In one type of model, all the data points within a
project type category for a particular agency were combined into one regression model
without accounting for the different project classifications. This type of model is
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referred to as the aggregate model. The other type of developed regression model
accounts for the different project classifications within the project type category. The
second model is referred to as the disaggregate model.

The benefit of the aggregate model is that it allows the combining of data points from
the different projects to increase the data set in developing the regression model.
However, if there are statistical differences in the averages between the project
classifications, this combining (aggregating) of the data points can lead to an aggregate
model that is not representative of the real population. In this case, the disaggregate
model is the appropriate model to use.

Each type of regression model was run for each project category and agency
combination for each dependent variable. The results of the P-values for the two types
of regression models for % design cost, % construction management cost and % project
delivery cost are shown in Tables 5-10. The (1 – P-value) represents the statistical
significance level of the model. Therefore, the smaller the P-value the more statistically
significant the developed regression model. P-values of 0.05 typically represent
statistical significance of the model, and in some cases regression models that have P-
values as high as 0.10 are still used for predicting dependent variables. As Tables 5-
10 show, there are many cases where the P-values well exceed this value.

Comparing the P-values of the aggregate model with the disaggregate model shows
that in many cases the P-values are significantly reduced when the model accounts for
the different project classifications within a project type category. For example, the P-
value for the % design cost aggregate model for the street projects in Agency A is 0.773
(in Table 5) whereas it is reduced to 0.003 (in Table 6) for the disaggregate model.
This result is consistent with the earlier comparison of the averages for Agency A street
projects and clearly shows the need to account for the individual projects and lack of
predictive power for the aggregate model.

However, we remark that for some of the project classification and agency combinations
the P-value increases slightly when using the disaggregate model. For example, the P-
value of the aggregate model for the municipal facility project classification for Agency D
is 0.213 which increases to 0.289 for the disaggregate model. This increase can be due
to one of two reasons: (1) there is an insufficient number of data points to develop an
accurate disaggregate model, or (2) there is not a significant difference between the
averages of the various projects within the project type category.

Using an aggregate model when a disaggregate model should have been used leads to
far greater errors than making the opposite mistake (that is, using a disaggregate model
when an aggregate model should have been used). Since the results clearly show
that for some agency and project category combinations an aggregate model is not
statistically valid, the recommendation is to develop disaggregate regression models.
Furthermore, to make the disaggregate models statistically valid, more data needs to be
collected for some project classifications. Ideally, each project classification and agency
combination would have at least ten data points. The results of the regression model
for the Los Angels Pipe Systems project illustrate the power of having a lot of data. For
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this project, the number of collected data points is 21. For this model, the P-value is
very small, meaning that the statistical significance of the regression model is high.
Finally, it might be worthwhile to study the usefulness of aggregating across agencies to
increase the data sets for the regression models.

Regression Models
We study the relationship between the independent variable, sum of construction value
and change order, on three different dependent variables: % design cost, %
construction management cost, and % project delivery cost. A separate model is
developed for each combination of dependent variable (three), project category (three),
and agency (six).

To first identify the functional relationship between the dependent and independent
variables, plots of the data were generated. Figure 1 shows one such plot. This plot
shows the functional relationship for the Agency D gravity system projects. Based on
these plots, a negative exponential functional relationship was used. That is,

Yi,k = α0 exp(α1Xi,k) (1)

where,
Yi,k : dependent variable such as % design cost for project type i

for agency k
Xi,k : independent variable (construction value + change order) for project

type i for agency k
α0,α1 : model parameters

For scaling purposes, the actual Xi,k were divided by 1,000,000. In order to develop
linear regression models, the following transformation is used.

ln(Yi,k) = β0 + β1Xi,k (2)

where,
β0 = ln(α0 )
β1 = α1

The above Equation (2) is the regression model used for the aggregate case. The
disaggregate model is summarized by Equation (3).

ln(Yi,k) = β0 + β1Xi,k + ΣγjIi,j, (3)

where,
Ii,j,k : indicator variable which equals one if data for project type i

for agency k is of project classification j
γj : model parameters
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We note that if there are N project types in category i, then N-1 indicator variables are
used in Equation (3).

Project Type Agency E Agency D Agency B Agency A Agency C Agency F
Municipal Facilities
Libraries 0 6 1 4 2 1
Police/Fire
Station

0 7 1 2 6 3

Community
Bldg/Rec.
Center

0 3 2 3 4 2

Streets
Widening/New/
Grade
Separation

2 4 8 3 4 0

Bridges/Retrofit
/Seismic

0 6 0 7 4 2

Renovation/Re
surfacing

7 0 9 5 7 0

Bike/Pedestrian
/Curb Ramps

6 0 7 7 4 0

Signals 4 0 5 10 7 6
Pipe Systems
Gravity System
(Storm,
Sewers)

0 21 0 15 7 4

Pressure
Systems

0 0 0 7 6 0

Pump Stations 0 0 0 2 6 0
Table 1. Project Distribution Matrix – Actual
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Project Type Agency E Agency D Agency B Agency A Agency C Agency F
Municipal Facilities

Libraries
21.891,
1.532 19.70, 4.92 24.63, 0.13

Police/Fire
Station

16.53, 1.67
46.43,
39.80

21.13, 8.80 16.64, 6.92

Community
Bldg/Rec.
Center

20.66, 3.85 15.92, 1.92 28.17, 4.20
26.99,
16.40

34.51, 4.19

Streets
Widening/New/
Grade
Separation

22.95, 7.77 21.43, 4.86 13.16, 3.40 27.09, 5.18 19.53, 5.76

Bridges/Retrofit
/Seismic

22.79, 5.35 76.04, 20.2 17.66, 2.35 31.10, 8.80

Renovation/Re
surfacing

16.12, 6.46 8.01, 1.38 12.54, 5.09 11.97, 1.50

Bike/Pedestrian
/Curb Ramps

9.85, 3.46
26.11,
12.00

50.32, 13.9 15.14, 0.97

Signals 6.47, 0.93 24.32, 4.52 20.31, 2.71 11.55, 1.77
22.14,
12.50

Pipe Systems
Gravity System
(Storm,
Sewers)

22.14, 4.37 39.41, 7.69 8.34, 0.84
22.61,
13.10

Pressure
Systems

18.22, 2.57 9.23, 2.32

Pump Stations 22.06, 7.93 15.62, 1.86
Table 2. Average and Standard Error of % Design Cost

1Average
2Standard Error



B-9

Project Type Agency E Agency D Agency B Agency A Agency C Agency F
Municipal Facilities
Libraries 10.261,

3.572 14.31, 4.19 20.31, 0.49

Police/Fire
Station

5.87, 0.87 11.79, 3.61 14.10, 1.29 6.13, 2.07

Community
Bldg/Rec.
Center

7.69, 1.00 20.59, 4.57 10.15, 2.33 15.92, 1.64 8.08, 1.87

Streets
Widening/New/
Grade
Separation

23.88,
20.36

4.78, 2.66 8.51, 1.28 12.80, 2.71 18.52, 6.16

Bridges/Retrofit
/Seismic

9.49, 2.45 21.60, 4.89 10.90, 1.30 21.24, 2.98

Renovation/Re
surfacing

17.26, 1.25 6.82, 1.09 31.15, 5.30 16.52, 1.26

Bike/Pedestrian
/Curb Ramps

20.08, 3.33 11.89, 3.36 42.21, 9.88 15.17, 0.99

Signals 13.30, 2.68 7.78, 2.46 33.35, 3.46 15.74, 0.60 26.04, 6.51
Pipe Systems
Gravity System
(Storm,
Sewers)

11.17, 1.35 19.38, 4.13 10.10, 1.52 22.81, 7.23

Pressure
Systems

14.64, 2.34 11.75, 3.35

Pump Stations 15.61, 4.77 12.89, 2.05
Table 3. Average and Standard Error of % Construction Management Cost

1Average
2Standard Error
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Project Type Agency E Agency D Agency B Agency A Agency C Agency F
Municipal Facilities

Libraries
32.151,4.39
2 34.01, 6.63 44.94, 0.40

Police/Fire
Station

22.40, 2.77
58.22,
36.19

35.23, 3.98 22.77, 8.76

Community
Bldg/Rec.
Center

28.34, 3.07 22.27, 4.89 38.32, 6.09 42.90, 3.82 42.60, 6.06

Streets
Widening/New/
Grade
Separation

46.83,
12.59

26.20, 6.49 21.68, 3.67 39.89, 3.68
38.06,
11.48

Bridges/Retrofit
/Seismic

32.28, 7.35
97.64,
20.92

28.56, 2.33
52.35,
11.78

Renovation/Re
surfacing

33.38, 7.56 14.83, 2.28 43.69, 5.48 28.48, 2.50

Bike/Pedestrian
/Curb Ramps

29.94, 4.29
38.00,
14.99

92.52,
19.52

30.31, 1.62

Signals 19.77, 3.06 32.09, 5.16 53.66, 4.51 27.29, 1.77
48.18,
16.08

Pipe Systems
Gravity System
(Storm,
Sewers)

33.31, 5.50 58.78, 9.26 18.44, 2.09
45.42,
16.24

Pressure
Systems

32.86, 3.49 20.98, 3.61

Pump Stations
37.67,
12.69

28.51, 3.98

Table 4. Average and Standard Error of % Project Delivery Cost

1Average
2Standard Error
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Project Type Agency E Agency D Agency B Agency A Agency C Agency F
Municipal
Facilities

ND .325 .522 .611 .005 .626

Streets .211 .213 .355 .773 .425 .413
Pipe Systems ND .000* ND .013 .024 .940*

Table 5. P-values for Aggregate Model for Design

Project Type Agency E Agency D Agency B Agency A Agency C Agency F
Municipal
Facilities

ND .263 OA .775 .070 OA

Streets .127 .289 .451 .003 .235 OA
Pipe Systems ND .000* OA .008 .055 .940*

Table 6. P-values for Disaggregate Model for Design

* The Aggregate and Disaggregate model are equivalent since there is only one type of reported facility
in the data

ND - No reported data
OA - Only aggregate model was run due to too few data
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Project Type Agency E Agency D Agency B Agency A Agency C Agency F
Municipal
Facilities

ND .654 .075 .094 .010 .988

Streets .709 .642 .945 .050 .044 .679
Pipe Systems ND .013* ND .377 .723 .027*

Table 7. P-values for Aggregate Model for Construction Management

Project Type Agency E Agency D Agency B Agency A Agency C Agency F
Municipal
Facilities

ND .815 OA .258 .025 OA

Streets .006 .223 .585 .052 .217 OA
Pipe Systems ND .013* OA .539 .369 .027*

Table 8. P-values for Disaggregate Model for Construction Management

* The Aggregate and Disaggregate model are equivalent since there is only one type of reported facility
in the data

ND - No reported data
OA - Only aggregate model was run due to too few data
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Project Type Agency E Agency D Agency B Agency A Agency C Agency F
Municipal
Facilities

ND .132 .345 .174 .001 .728

Streets .074 .301 .406 .123 .909 .928
Pipe Systems ND .001* ND .001 .257 .103*

Table 9. P-values for Aggregate Model for Project Delivery

Project Type Agency E Agency D Agency B Agency A Agency C Agency F
Municipal
Facilities

ND .213 OA .475 .017 OA

Streets .198 .196 .292 .143 .799 OA
Pipe Systems ND .001* OA .000 .180 .103*

Table 10. P-values for Disaggregate Model for Project Delivery

* The Aggregate and Disaggregate model are equivalent since there is only one type of reported facility
in the data

ND - No reported data
OA - Only aggregate model was run due to too few data
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Figure 1. Plot of Data for Agency D Gravity System Projects
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B-II. Outliers Elimination
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Summary
The purpose of this section is to introduce an approach to improve the fitness of a regression
curve to the collected data (i.e. increasing the value of R2). Statistical outliers elimination is the
technique that is used here and explained in this section. It is noteworthy that elimination of
outliers would require setting aside data points that are too far from the regression curve.
Therefore, application of this technique is not recommended at this phase of the study and we
may get a reverse result in some cases (decreased R2), due to very limited number of data.
This approach is presented here as a guideline to be applied at future stages of this study, when
enough data is collected.

Definition of Outliers
From statistical point of view, data points that are too far from the average of a data set are
called “Outliers”. In the following example of 10 data points, it is obvious that data point #3 is an
outlier since it is too far from the average (0.073), compared to the other data points. This could
be a result of data collection error or merely bad data selection (non-representative). The
decision of “how far” from the average is too far and which data points should be set aside is
made by using the following statistical technique.

Record # 1 2 3 4 5 6 7 8 9 10 Average Standard
Deviation

Data 0.010 0.030 0.340 0.070 0.010 0.020 0.030 0.080 0.050 0.090 0.073 0.093

Statistical Elimination of Outliers
The statistical technique to identify outliers looks at the value of each data point and compares it
with the range: [Q1 - 1.5(Q3 – Q1) , Q3 + 1.5(Q3 – Q1)]

Where: Qi = ith Quartile of the data set.

For the 10 data points in the above example, the range would be calculated as [-0.06 , 0.16]
which shows that record #3 is an outlier, and the only outlier.

It is noteworthy that after setting aside all outliers, the values of Qi’s change and the process
need to be repeated to assure that there are no more outliers. In the above example, after
removing record #3, the range changes to [-0.06 , 0.145] which covers all remaining data
points. In this case, no further elimination is necessary.

Application to Regression Curves Optimization
In a linear regression (Y=a + b.X), outliers are defined by data points whose residuals (Y^

i – Yi ;
Yi is the regression estimate for ith X and Y^

i is the ith observation of Y) are too far from the
average of all residuals. Therefore, we can apply the above technique to the residuals of a
regression curve to identify and set aside outliers.

Application to This Study
In this Benchmarking study it was concluded that a logarithmic regression would be most
appropriate and all performance graphs are developed using this option (Appendix D-III, pages
D-31 – D-74). However, in order to formulate the above outliers’ elimination technique, linear
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regression is the most convenient one. Specifically, Microsoft Excel was used for this purpose
which has a regression analysis package built in. The solution to the above problem is simply
transforming X values to Log (X) values. In other words, we analyze the linear regression
between Log (X) and Y.

Figure 1 shows the results of applying the outliers elimination technique to the Project Delivery
% curve for “Streets”. In figure 1.a all the outliers are included and, as a result the global R2

value is very low (0.274). After removing the outliers, the R2 value significantly increases
(0.573), at the expense of loosing about 27% of data points. Also note the change in the trend
of the regression curve that appears to be more realistic (encompassing more data points) after
elimination of outliers.

Removal of Outliers

Project Type = Streets

R2 = 0.2742
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a – Original regression curve, including outliers

Removal of Outliers

Project Type = Streets

R2 = 0.5733
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b – Regression curve, after elimination of outliers

Figure 1 – Sample Outliers Elimination for Performance Curves
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B-III. Selection and Confidence Level of
Upper-Bound Regression2

2 Reference: Crow, Edwin L.; Davis, Frances A.; Maxfield, Margaret W. Research Department, U.S. Naval
Ordinance test Station. Statistics Manual. Dover Publications, Inc. New York
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Summary:
The purpose of this section is to discuss and define the statistical model that forms the
basis for the band above the performance regression curve. The band was developed
to indicate the range of a confidence interval in the curve. On the lower side, it is
unbounded and the upper-boundary is a curve that translates to a 70% confidence level
for normal distribution and 81% confidence level for lognormal distribution.

Discussion
As a general rule, it is a reasonable statistical assumption that collected data has a
normal distribution. However, in the case of this study the project data collected is
skewed to the left, somewhere between normal and lognormal distribution. It follows
that using (-∞, µ+0.5σ] which translates to a 70% confidence level for normal
distribution, could result in as high as 81% confidence level (lognormal distribution) in
some cases. In other words, assuming that the regression model is statistically
acceptable, we are between 70% (normal distribution) and 81% (lognormal distribution)
confident that delivery costs of a new construction project will fall bellow the upper-limit
curve of the corresponding performance graph.

Definition of Confidence Interval
Confidence interval is the interval within which a mathematical statement is correct, with
a predefined certainty. For example, a 95% Confidence interval for value x (sample
average) defines a range around x whose value is the same as the parent population
average (µ), with 95% certainty.

If the statistical distribution of data is known, Confidence Interval can be estimated as a
range around average (µ), defined by standard deviation of the data (σ). For example,
as shown in Figure 1, for a normal distribution, µ+1.96σ provides 95% confidence
interval. As a rule of thumb, µ+2σ is used to estimate the 95% Confidence Interval for
randomly collected data from a population that is expected to have a normal distribution.

Figure 1 – Confidence Interval for Normally Distributed Data

Design % Versus Construction Cost ($Million)
Filtered Projects By: NO FILTER (ALL PROJECTS)
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Application to Development of Upper-Bound Regression Curve
For the purpose of this study, [µ−2σ , µ+2σ] provides a too wide range and it is not
practical. Through experiment and evaluation of various ranges, it was observed that (-
∞, µ+0.5σ] provides a more practical and useful tool. The rationale for using (-∞,
µ+0.5σ] follows:

1. In this study we are not interested in the lower-bound limit. We only need to identify
the maximum value that is used in the industry, not the minimum. Therefore the
Confidence Interval is defined by (-∞ , µ + α . σ]. For a given distribution and a given
Confidence Limit (CL), α can be estimated by looking for CI = (2.CL - 100)% value in
the table of the corresponding distribution3. For the normal distribution, for example,
to gain a 70% Confidence Level (CL), we need to look up the value of α for
CI=(2x70-100)% = 40% which is equal to 0.5. Therefore (-∞, µ+0.5σ] would provide
70% Confidence level, if the data had a normal distribution.

2. The above formulations are based on the assumption that the collected data are
distributed normally. The project data was investigated and we observed that, in
reality, actual distribution of the data is not normal. As a matter of fact, the
histogram of the projects data was developed for various variables and
categorizations and it appeared to be somewhere between normal and lognormal
distribution. For example, Figure 2 (page B-23) shows the actual histogram for all
Design% values compared to normal and lognormal distributions. The left-skewed
nature of this curve can be explained by the fact that, in the sample, there are more
number of projects with small design costs than projects with large design costs.
This feature can be attributed to the parent population as well; in general most of the
CIP projects have small design costs and there are just a few projects with large
design costs. Therefore, we can safely use a lognormal distribution to model our
data. Lognormal distribution provides a higher Confidence Level compared to
normal distribution, as explained below.

In the specific example shown in Figure 2, we can see that the proposed interval of (-∞,
µ+0.5σ] results in a Confidence Level of 70% for normal distribution, 81% for lognormal
distribution, and 85% for the real data. In this special case, the real data results in a
higher Confidence Level than lognormal distribution (81%). However, data
investigations showed that in some cases it falls less, but not less than normal
distribution (70%). Therefore it can be concluded that, assuming appropriateness of the
regression model, we are between 70% and 81% confident that design cast of a CIP
Project falls below the upper-bound regression curve that is shown in figure 3. This is
true for other performance benchmarks, too (construction management, change orders,
and duration). They all have a left-skewed distribution, like the above example.

3 Note that CI is the confidence Interval, if there was a lower-bond too [µ − α . σ , µ + α . σ]. In the
database program we use CI as the input variable, since we generate the lower-bond curve as well as
the upper-bond, in case of applicability. In this specific study, all lower-bond curves are deleted from the
performance graphs.
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Figure 3 shows the [µ , µ + 0.5σ] regression band for Design% curve of all projects data.
It can be seen that most of the data points are included in this band and this band
(which as an actual Confidence Interval of 85%), is a good predictor of Design Cost as a
percentage of Construction Cost (Assuming statistical validity of global data
aggregation).

It is noteworthy that in one of the project meetings it was proposed to use the average
distance of the complex projects regression curve from the global regression curve as
the upper-bound. Figure 4 shows that this proposal almost coincides with µ + 0.5σ for
the above example.

Figure 2 - Actual Confidence Interval for µ + 0.5σ - All Design% Data
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Design % Versus Construction Cost ($Million)
Filtered Projects By: NO FILTER (ALL PROJECTS)
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Figure 3 – Regression Band for µ + 0.5σ - All Design% Data
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B-IV. Application of Projects Indexing
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Summary
Project Indexes were originally intended to provide another level of projects
categorization and assist agencies in distinguishing among projects in reference to their
complexity (simple, normal, or complex), and in reference to their nature (New or
Rehabilitation). However, due to very limited number of data points, application of
complexity index is not practical, unless more date points are collected on various
categories. The statistical analysis in Appendix C suggests that we need at least 10
data points per each classification for each agency. This number, in fact, needs to be
multiplied by 3 in order for project indexing to be applicable.

In this section of the report we redevelop Project Delivery % curves regression curves
(as an example) by categorizing data points by their “Complexity Index” and by their
“New/Rehab” index. These curves are reviewed and discussed. We identify areas of
improvement and additional data collection.

Process
In order for Project Indexing study, a level of categorization was added to the project
that corresponds to Complexity Index and New versus Rehab Index. As an example,
Project Delivery % results were reviewed for all project types/Classifications and the
results are summarized here

Outcomes

Complexity Index:
o Global (All Data): Small "Simple" Projects do not make sense. Relation between

"Complex" and "Normal" projects is good, intuitively, but not conclusive.
o Municipal Facilities: Only small “Complex” projects (< $2.5M), and large “Simple”

projects (> $6M) make sense.
o Pipe Systems: Mostly “Normal” projects. There are no “Simple” projects and only

two “Complex” projects. Cannot make any conclusion.
o Streets: There are no “Simple” projects. Good trend for “Normal” and “Complex”

Projects in the beginning. But they get close to each other as the project size
increases, instead of going away from each other.

New/Rehab:
o Global (All Data): The two curves are very close, i.e. this index is not important,

in general
o Municipal Facilities: The two curves are almost overlapping. The index is

unimportant.
o Pipe Systems: The two curves intersect. Cannot make any conclusion. Probably

we have bad data.
o Streets: The two curves are very close, i.e. this index is not important
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Most of the large projects are “New” projects and “Normal” projects. This results in
misrepresentation of the Indices.

Conclusion and Recommendation

Revisit Projects Data:
o Some “Simple” projects may not be really simple.
o More complex and/or simple projects are needed. Especially in “Pipe Systems”

and “Streets” Categories.
o Revisit New/Rehab indices for “Pipe Systems”. We may need to collect more

projects.
o It may be concluded that New/Rehab index is not important, depending on the

outcome of new data for “Pipe Systems”.
o Indices are not distributed appropriately among various project sizes.

It is recommended to collect more “complex” and “Simple” Projects, more smaller size
projects, and more “Pipe Systems” Projects with diverse New/Rehab indices.
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Project Delivery % Versus Construction Cost ($Million)
Filtered Projects By: NO FILTER (ALL PROJECTS)
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Project Delivery % Versus Construction Cost ($Million)
Filtered Projects By: Projects Type = Pipes
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Project Delivery % Versus Construction Cost ($Million)
Filtered Projects By: NO FILTER (ALL PROJECTS)
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Project Delivery % Versus Construction Cost ($Million)
Filtered Projects By: Projects Type = Pipes
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Appendix C
Process Questionnaire

C-1

Process Definition / Question Agency(2) Comments

(Scale: 0=No/Never, 5=Yes/Always(1), OR AS DEFINED) LA LB SC SD SF SJ Avg.
1.Planning Process

a. Capital projects are well defined with respect to scope
and budget at the end of the planning phase 5 1 3 2 4 4 3.2

b. Feasibility studies are completed on projects prior to
defining budget and scope 1 1 3 1 2 2 1.7

SC: For transportation
projects

c. Projects require an appropriation before any planning
or design is started 2 0 0 4 5 4 2.5

SC: Planning starts, not
design

d. There is a Board/Council project prioritization system
0 0 5 0 0 1 1.0

SC: Only for
transportation projects

e. Projects listed in the CIP are resource loaded for
design and construction 4 0 2 0 0 4 1.7

f. There is a Master Schedule attached to the CIP that
identifies start and finish dates for projects? 5 0 5 2 0 5 2.8

g. There is an annual report to the City Council required
5 0 0 0 1 5 1.8

h. CIP project implementation planning is based on
available Project Management Staff 3 0 1 0 3 1 1.3

i. Projects shown on a Geographical Information System 5 2 5 1 2 4 3.2
j. There is an objective system for qualifying projects for

the CIP prior to them becoming part of the CIP
2 2 1 2 2 5 2.3

k. Public Works/Engineering is required to sign off on
scope, budget, and schedule before a project gets
entered into the CIP

4 2 5 0 2 2 2.5
SC: Only for
transportation projects

l. Project Management staffing is based on CIP projects
to be implemented 5 0 1 0 4 4 2.3

m. There is public involvement in the CIP development
process (outside of CEQA) 1 2 3 3 0 3 2.0

LA: Mayor's Budget; LB:
CIP committee; SC:
Budget and Sponsorship
Dept.;

n. Who signs off on a project to get it into the CIP prior to
City Council approval?

SD: DCM; SF: Director of
Public Works; SJ: Budget
Director

(1) Unless identified otherwise, use 2 for up to 40%, 3 for up to 60%, 4 for up to 80%, and 5 for more the 80% of projects

(2) Agencies Abbreviations Listed in Alphabetical Order:

LA= City of Los Angeles, DPW/BOE SD= City of San Diego, ECP

LB= City of Long Beach, DPW SF = City of San Francisco, DPW/BOE/BOA/BCM

SC= City of Sacramento, DPW SJ = City of San Jose, Department of Public Works

Darkened Scale: Scale not applicable. Only comments



Appendix C
Process Questionnaire

C-2

Process Definition / Question Agency(2) Comments

(Scale: 0=No/Never, 5=Yes/Always(1), OR AS DEFINED) LA LB SC SD SF SJ Avg.
2.Design

a. Designers are given a specific budget prior to design
start 4 4 5 5 4 5 4.5

b. Designers are given a clear, precise scope prior to
design start 4 1 4 2 4 4 3.2

c. Designers are given a milestones schedule by which to
deliver documents prior to design start 5 1 2 2 3 5 3.0

d. Designers are required to provide a work plan or design
schedule prior to design start 2 0 5 4 4 5 3.3

e. Design fees/budgets are based on (1) a percentage of
construction cost; (2) lump sum; or, (3) cost plus a fee

LA: (1); LB: (1); SC: For
Budget (1), For Fee (3);
SD:(2); SJ:(2)

f. Design requirements for reliability, maintenance, and
operation are defined prior to design start 4 1 1 3 3 3 2.5

g. Designs are done on 2D CAD systems 5 4 5 5 5 4 4.7
h. Designs are done on 3D CAD systems 1 2 1 3 1 0 1.3
i. Site adaptations of successful designs are used

whenever possible (e.g. fire stations, gymnasiums, etc.) 4 2 3 0 3 2 2.3

j. Surveyors are in-house 5 4 4 5 5 4 4.5
3.Quality Assurance / Quality Control

I. Standard Project Execution Procedures
a. A standardized Project Delivery Manual is developed

and is being used 5 0 1 1 2 4 2.2

b. Flowcharts and/or checklists are used to standardize
documents management 5 1 2 1 2 5 2.7

c. Roles and responsibilities of team members are clearly
defined in a Project Management Plan 5 0 4 1 3 4 2.8

d. Agency uses standard forms for RFI's, Change Orders,
Pay Applications, Field Clarifications, Minutes of
Meetings, etc.

5 5 4 4 5 4 4.5

II. Constructibility Review and Value Engineering
a. A Constructibility Review Process is implemented on

projects 3 3 2 3 4 2 2.8

b. A Value Engineering analysis is performed on projects
3 1 1 1 1 1 1.3

c. Constructibility Review is done independent of the
designer 5 4 3 4 4 1 3.5

d. Value Engineering is done independent of the designer
5 1 0 1 1 1 1.5

e. There is a Constructibility Review or Value Engineering
Coordinator within the agency who is responsible for
management and implementation of the process

0 0 0 0 1 0 0.2

f. Cost saving resulting from Constructibility Review
and/or Value Engineering are tracked 5 0 0 0 0 1 1.0
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Process Definition / Question Agency(2) Comments

(Scale: 0=No/Never, 5=Yes/Always(1), OR AS DEFINED) LA LB SC SD SF SJ Avg.
III. QA/QC Procedures
a. A formal Quality Management System is used 0 0 2 1 3 1 1.4
b. Post Project Reviews are performed and used for

lessons learned 3 0 3 0 3 1 1.7

c. Inspection is on site full time for projects under
construction 5 4 2 3 4 2 3.3

d. Inspectors are Agency employees 0 4 3 5 5 5 3.7
e. Laboratory and testing services are in-house 0 0 0 5 5 5 2.5
f. Inspection consultants/contractors are required to carry

Errors & Omissions insurance 5 4 3 5 5 5 4.5

g. Inspectors are trained and, when required, certified 5 5 5 5 5 5 5 SC: Facilities certifications

h. The Agency's Quality Management approach includes
International Organization for Standardization (ISO)
certification
Examples: ISO 9000-General Quality Assurance Terms and
Overview

ISO 9001-Engineering and Design
ISO 9002-Fabricator and Constructor
ISO 9003-Distribution Centers/Warehouses
ISO 9004-Quality definitions

0 0 0 5 0 0.8

i. Inspectors are separately budgeted 5 1 1 5 5 0 2.8
j. Inspection personnel are independent from Project

Management team 5 4 1 5 5 2 3.7

4.Construction Management
I. Change Order Processes
a. The City Engineer / Public Works Director has authority

to approve change orders. (0 for none, 1 for <$10k, 2
for 10k - 25k, 3 for 25k - 50k, 4 for 50k - 100k,5 for >100k) 4 5 4 5 5 4 4.5

LB: Varies per project
(25% of const cost); SF:
Although they have the
authority, this task has
been delegated to the
Chief of Construction
Management.

b. Change order policies provide that there is a separate
contingency account for Errors & Omissions and
Changed/Unforeseen conditions

0 0 0 0 0 0 0.0

c. Change order policies provide that there is a separate
contingency account for Owner/User required scope
revisions

0 0 0 0 0 0 0.0

d. A formal standard change order process is in place,
which defines all forms and methods necessary to
finalize change orders

5 5 5 5 5 5 5.0

e. Project managers have estimators available to perform
comparative estimates on change orders 5 2 2 0 3 2 2.3

f. A change order contingency is set aside at the start of
the project 5 5 5 5 5 5 5.0

g. What % change order contingency is set aside? ((0 for
none, 1 for <5%, 2 for 10%, 3 for 15%, 4 for 20%,5 for
25%)

4 5 2 2 2 2 3.4

SJ: 5%
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Process Definition / Question Agency(2) Comments

(Scale: 0=No/Never, 5=Yes/Always(1), OR AS DEFINED) LA LB SC SD SF SJ Avg.
h. The change order contingency varies with new versus

renovation/rehabilitation projects 0 0 5 5 1 5 2.7

i. All changes are required to go through a formal change
justification procedure 5 2 5 5 5 5 4.5

j. Project areas susceptible to change are identified and
risk is evaluated prior to determining the final budget 2 0 2 2 2 2 1.7

k. Project team members take proactive measures to
promptly settle, authorize, and execute change orders 5 4 3 3 3 4 3.7

l. There is a communication system in place for the
efficient exchange of information related to changes
between project team members

5 3 5 1 3 4 3.5

m. Types of changes are being classified 5 1 0 1 5 0 2.0 SJ: &O/Client?/design??

n. Change orders are required to be settled "full and final"
at the time they are executed 5 4 5 5 2 4 4.2

o. Markups for Change Orders for Overhead & Profit are:
0 for 10% and less, 1 for 15%, 2 for 20%, 3 for 25%, 4
for 30%, 5 for more

1 1 0 5 2 5 2.3

SF: 24% - Labor, 15% -
Material, 15% -
Equipment; SJ: labor @
33%, other @ 15%, subs
additional 5%

II. Dispute Mitigation / Resolution Procedure
a. A formal Dispute Resolution Procedure is included in all

contract agreements 5 0 5 5 0 0 3.0

b. Dispute Review Boards (DRB) are used 5 0 0 1 1 0 1.2
c. Dispute Mitigation techniques, such as partnering, are

used 5 1 1 3 1 1 2.0

d. An Arbitration clause is included in the contract
documents 5 0 5 5 0 0 2.5

III. Partnering
a. A team building process is used for projects 3 1 5 3 1 1 2.3
b. Regular team building meetings are held throughout the

projects life 3 1 4 2 1 1 2.0

c. Performance of team is checked against team agreed
goals on a regular basis 3 1 3 2 1 1 1.8

IV. CM Procedures
a. Construction Management team is first involved at what

phase of design or construction?
LA: After Contract; LB:
final design; SC: After
Final Design; SD:75%;
SF: Design; SJ: mid-point
of design

b. CM fees/budgets are based on a percentage of
construction cost or a lump sum

LA: Percentage; LB:
percentage; SC: Budget
%, fee is cost + fee; SD:
LUMP SUM; SF: Lump
Sum; SJ: % const cost

c. CM team is required to develop and implement a
Construction Management Plan (Communication,
Responsibilities, and Goals)

5 3 5 2 2 1 3.0

LB: ; SD: ; SF: For major
projects only (>
$10Million)
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Process Definition / Question Agency(2) Comments

(Scale: 0=No/Never, 5=Yes/Always(1), OR AS DEFINED) LA LB SC SD SF SJ Avg.
d. Surveyors are in-house

5 4 4 5 5 4 4.5

5.Project Management
I. PM Authority, Responsibility, and Accountability
a. The Agency is responsible for the Bid and Award

Process (as opposed to the client doing the bid and
award)

5 4 5 5 4 5 4.7

b. Design PM's signature is sufficient for Contract
Documents 0 0 0 0 0 0 0.0

SD: DEPUTIZED
SENIOR

c. Construction decisions (Budget, Scheduling, and
Justification) are made by the Project Manager 5 3 5 3 3 1 3.3

d. A project Manager is Assigned to Every Project 5 2 5 5 5 5 4.5

e. Project Manager has "cradle to grave" involvement 5 2 5 5 4 4 4.2

f. There is a client representative assigned to every
project 2 3 5 3 5 5 3.8

g. Routine, timely, accurate "Labor expended" reports are
available to the Project Manager 5 1 5 4 4 4 3.8

h. PM has the authority to recruit / terminate Team
members 0 0 2 0 3 0 0.8

i. PM processes Change Orders without upper-level
approval 5 0 0 4 4 0 2.2

II. Training of Project Managers/Engineers
a. Formal Training is provided for PMs on a regular basis

5 0 1 3 5 2 2.7

b. Formal Training is provided for Support Staff 5 0 1 2 4 2 2.3

c. Technical Training is provided for Engineers 5 3 5 2 4 0 3.2

III. Project Controls System
a. A standard Project Controls System has been adopted

by the Agency and is in use on all projects 5 2 5 2 4 5 3.8

LB: Just begun 1/1/02

b. Computerized and/or web-based project management
tools are used 1 2 5 4 4 2 3.0

LB: Just begun 1/1/02

c. Archiving and retrieval of projects information is
facilitated by an in-house database 5 2 5 2 3 1 3.0

LB: Just begun 1/1/02

d. Project forms and documents are on-line and are filled
out and communicated between team members
electronically 2 2 3 1 1 1 1.7

LB: Just begun 1/1/02

6.Consultant Selection and Use
a. Consultants are required to comply with Agency

indemnification and insurance requirements 5 5 5 5 5 5 5.0
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Process Definition / Question Agency(2) Comments

(Scale: 0=No/Never, 5=Yes/Always(1), OR AS DEFINED) LA LB SC SD SF SJ Avg.
b. Documents produced by the consultants belong to the

Agency 5 5 5 5 5 5 5.0

c. A Standard Consultant contract is included in the
RFQ/RFP 3 5 5 5 5 3 4.3

d. Consultant is required to identify exceptions to the
contract form or content at the time of submittal in
response to RFQ/RFP

3 5 5 1 1 0 2.5

e. The PW Director/City Engineer has authority to approve
consulting contracts with justification. (0 for none, 1 for
<$10k, 2 for 10k - 25k, 3 for 25k - 50k, 4 for 50k - 100k,5
for >100k)

0 0 4 5 5 4 3.0

f. An Annual RFQ/RFP solicitation is used to develop an
on-call list of pre-approved consultants 1 4 3 5 1 4 3.0

SJ: every 2 years

g. There is a consultant use rating system that identifies
quality of consultant performance 5 0 0 4 0 0 1.5

h. The consultant selection process is qualification based
5 5 5 5 5 5 5.0

i. Consultants can be sole-sourced, with justification 1 5 5 5 5 4 4.2
j. When are consultants required to provide the fee

proposal? (At the time of initial proposal, or after the
qualifications based selection.)

LA: After selection; LB:
After selection; SC:
facilities at initial proposal,
transportation after
selection; SD: After; SF:
Sealed envelop at the
time of proposal
submittal.; SJ: After QBS

k. Consultant fees are most often based on (1)
Percentage of construction cost, (2) Lump Sum, (3)
Loaded Hourly Rates

LA: (3); LB: (3); SC: (3);
SD: (1); SF: (2); SJ: (2)

l. Consultant fees are negotiated based on comparison
with other proposals or are negotiated blind

LA: Comparison; LB:
Compared to city
estimate; SC:
Comparisons w/similar
projects; SD: Blind; SF:
Negotiated Blind; SJ:
Blind
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California Multi-Agency CIP
Benchmarking Study

PERFORMANCE QUESTIONNAIRE

D-3

Agency: Project Name:

Project type:

Project Index: New / Rehab.: Complexity:

Justification(1):

Description:

Comments:

DOLLAR
% of
TCC*

DOLLAR
% of
TCC*

DOLLAR
% of
TCC*

DOLLAR
% of
TCC*

AGENCY LABOR

AGENCY COSTS(2)

Art Fees

SUB-TOTAL AGENCY

CONSULTANT

TOTALS

PHASE DURATION Months Months Months

AMOUNT OF CONSTRUCTION CONTRACT

COST OF CHANGE ORDERS

UTILITY RELOCATION COST

CITY FORCES CONSTRUCTION

* TOTAL CONSTRUCTION COST (TCC)

LAND ACQUISITION

(1) Justification for Complexity Index, if it is not "Normal"

(2) Agency costs include other direct costs and can be listed underneath. This value is locked and it is calculated from its items (Rows 14 - 18)

TotalPlanning Design Construction
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency A: Department of AAA
Municipal Facilities
Libraries

LIBRARY_01 Normal New 53 489,084 404,028 5,129,808

1. This time duration (53 months) is overall time duration. Starting Date: Oct. 1997. Completion Date: March 2002. 2. Total duration
could not be segregated and is shown as "Construction Duration".

LIBRARY_02 Normal New 55 897,746 474,889 4,681,950

1. This time duration (55 months) is overall time duration. Starting Date: June 1991. Completion Date: January 1996. 2. Total
duration could not be segregated and is shown as "Construction Duration".

LIBRARY_03 Normal New 33 866,430 332,781 2,619,572

1. This time duration (33 months) is overall time duration. Starting Date: Oct. 1993. Completion Date: July 1996. 2. Total duration
could not be segregated and is shown as "Construction Duration".

LIBRARY_04 Normal New 85 396,377 617,964 2,329,727

1. This time duration (85 months) is overall time duration. Starting Date: May 1990. Completion Date: May 1997. 2. Total duration
could not be segregated and is shown as "Construction Duration".

Police / Fire Station

POLICE/FIRE_01 Normal New 69 183,641 43,749 535,168

1. This time duration (69 months) is overall time duration. Starting Date: Feb. 1992. Completion Date: Oct. 1997. 2. Total duration
could not be segregated and is shown as "Construction Duration".

POLICE/FIRE_02 Normal New 74 103,582 240,934 1,563,777

1. This time duration (74 months) is overall time duration. Starting Date: Sep. 1995. Completion Date: Nov. 2001. 2. Total duration
could not be segregated and is shown as "Construction Duration".

Community Bldg./Rec. Center/CC/Gym

COMM/REC/CC/GYM_01 Normal New 58 1,596,000 431,226 5,745,774

1. This time duration (45 months) is overall time duration Starting Date: June, 1994. Completion Date: Mar. 1998. 2. Total duration
could not be segregated and is shown as "Construction Duration".

COMM/REC/CC/GYM_02 Normal New 111 1,854,262 534,000 9,110,021

1. This time duration is overall time duration. Starting Date: Oct. 1990. Completion Date: Dec, 1999. 2. Total duration could not be
segregated and is shown as "Construction Duration".

COMM/REC/CC/GYM_03 Normal New 200 583,159 274,774 1,983,850

1. Project Starting Date: Oct. 1986. Project Completion Date: jul. 1999. 2. Total duration could not be segregated and is shown as
"Construction Duration".

Tuesday, July 02, 2002 Page 1 of 21
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency A: Department of AAA
Streets
Widening / New / Grade Separation

WID/NEW/GRADE_01 Normal Rehab 90 895,047 923,098 5,197,938

1. A portion of the planning costs is included in design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

WID/NEW/GRADE_02 Normal Rehab 220 1,037,420 297,817 3,542,400

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

WID/NEW/GRADE_03 Normal Rehab 200 487,481 171,290 1,401,697

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

Bridges (Retrofit / Seismic)

BRDG/RETRO/SEISMIC_01 Normal Rehab 35 74,752 8,006 53,664

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

BRDG/RETRO/SEISMIC_02 Normal Rehab 25 86,019 8,382 62,722

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

BRDG/RETRO/SEISMIC_03 Normal Rehab 55 74,403 6,977 235,350

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

BRDG/RETRO/SEISMIC_04 Normal Rehab 60 78,632 42,923 109,892

1. A portion of the planning costs is included in the design costs This was an HBRR grant project. It required additional staff time
to process paperwork. This impacted all projects with small construction costs. 2. Total dur could not be segregated.

BRDG/RETRO/SEISMIC_05 Normal Rehab 80 90,786 71,421 401,664

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

BRDG/RETRO/SEISMIC_06 Normal Rehab 120 80,540 25,624 72,502

1. A portion of the planning costs is included in the design costs This was an HBRR grant project. It required additional staff time
to process paperwork. This impacted all project with small construction dollars. 2. Total dur. could not be segregated.

BRDG/RETRO/SEISMIC_07 Normal Rehab 105 40,765 59,714 215,004

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

Tuesday, July 02, 2002 Page 2 of 21
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency A: Department of AAA
Streets
Renovation / Resurfacing

RENOV/RESURF_01 Normal Rehab 380 6,389 56,100 125,544

This project had additional "in-house" engineering charges due to insufficient funding in some signal projects. A portion of the
planning costs are included in the design costs.

RENOV/RESURF_02 Normal Rehab 90 654 16,771 79,296

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

RENOV/RESURF_03 Normal Rehab 90 10,246 21,570 67,116

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

RENOV/RESURF_04 Normal Rehab 180 206,976 118,489 682,339

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

RENOV/RESURF_05 Normal Rehab 180 5,509 19,906 49,235

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

Bike / Pedestrian / Curb Ramps

BIKE/PED/CURB_01 Normal New 242 0 26,255 140,666

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

BIKE/PED/CURB_02 Normal Rehab 198 22,778 42,433 48,079

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

BIKE/PED/CURB_03 Normal New 45 20,099 12,380 23,231

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

BIKE/PED/CURB_04 Normal Rehab 748 16,187 3,924 17,022

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

BIKE/PED/CURB_05 Normal New 240 45,999 31,683 124,841

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

Tuesday, July 02, 2002 Page 3 of 21
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency A: Department of AAA
Streets
Bike / Pedestrian / Curb Ramps

BIKE/PED/CURB_06 Normal Rehab 180 36,125 75,492 296,971

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

BIKE/PED/CURB_07 Normal New 176 26,534 21,944 35,750

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

Signals

SIGNAL_01 Normal New 300 27,417 39,919 151,257

A portion of the planning costs is included in the design costs

SIGNAL_02 Normal New 380 20,422 45,719 83,789

A portion of the planning costs is included in the design costs

SIGNAL_03 Complex New 290 12,919 45,654 152,504

A portion of the planning costs is included in the design costs

SIGNAL_04 Normal New 285 48,416 36,362 139,284

A portion of the planning costs is included in the design costs

SIGNAL_05 Normal New 320 36,778 43,869 138,047

A portion of the planning costs is included in the design costs.

SIGNAL_06 Normal Rehab 470 41,173 54,348 305,509

A portion of the planning costs is included in the design costs.

SIGNAL_07 Normal New 290 30,809 50,274 129,193

A portion of the planning costs is included in the design costs.

SIGNAL_08 Normal New 250 8,160 18,754 64,500

A portion of the planning costs is included in the design costs.

SIGNAL_09 Normal New 400 29,627 32,024 103,642

A portion of the planning costs is included in the design costs.

SIGNAL_10 Normal New 410 16,899 66,661 138,754

A portion of the planning costs is included in the design costs.

Tuesday, July 02, 2002 Page 4 of 21
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency A: Department of AAA
Pipe Systems
Gravity System (Storm Drains, Sewers)

GRAVITY_01 Normal Rehab 264 161,700 45,115 206,123

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

GRAVITY_02 Normal Rehab 352 31,933 1,500 52,263

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

GRAVITY_03 Normal Rehab 616 63,135 16,669 63,267

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

GRAVITY_04 Normal Rehab 264 68,339 52,574 453,669

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

GRAVITY_05 Normal Rehab 264 59,310 5,147 84,666

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

GRAVITY_06 Normal Rehab 484 24,270 20,758 35,300

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

GRAVITY_07 Normal Rehab 45 9,706 28,621 89,746

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

GRAVITY_08 Normal Rehab 308 5,165 19,412 43,400

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

GRAVITY_09 Normal Rehab 396 82,664 7,499 241,726

1. A portion of the planning costs is included in the design costs. 2. Total duration could not be segregated and is shown as
"Construction Duration".

GRAVITY_10 Normal New 82 99,519 47,855 205,775

Project design was on hold due to lack of project funding

GRAVITY_11 Normal New 63 148,718 82,140 781,700

GRAVITY_12 Complex New 52 348,372 113,095 1,153,907

Tuesday, July 02, 2002 Page 5 of 21
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency A: Department of AAA
Pipe Systems
Gravity System (Storm Drains, Sewers)

GRAVITY_13 Normal New 47 146,783 185,532 934,624

GRAVITY_14 Normal New 42 120,743 66,187 689,876

GRAVITY_15 Normal New 22 74,452 134,842 1,805,797

Pressure Systems

PRESSURE_01 Normal New 57 134,177 65,930 472,751

PRESSURE_02 Normal New 78 155,433 84,478 816,716

Project on hold three years due to lack of project funding.

PRESSURE_03 Normal New 82 216,113 95,837 1,521,547

Project design was on hold due to lack of project funds

PRESSURE_04 Normal New 30 112,410 238,625 976,793

PRESSURE_05 Normal New 66 156,480 160,961 1,298,215

Project delayed 2-1/2 years due to lack of project funding.

PRESSURE_06 Normal New 60 113,012 79,975 652,084

PRESSURE_07 Normal New 45 56,214 55,331 264,558

Pump Stations

PUMP STN_01 Normal New 17 512,954 348,556 1,710,697

Total duration could not be segregated and is shown as "Construction Duration".

PUMP STN_02 Normal New 23 482,920 370,820 3,418,235

Total duration could not be segregated and is shown as "Construction Duration".

Tuesday, July 02, 2002 Page 6 of 21
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency B: Department of BBB
Municipal Facilities
Libraries

LIBRARY_01 Normal Rehab 13 87,225 42,909 208,365

Quality control code inspection costs are included in the agency labor/construction phase. Architectural services were performed
in-house.

Police / Fire Station

POLICE/FIRE_01 Normal Rehab 12 244,190 192,263 3,003,823

Quality control code inspection costs are included in the agency labor/construction phase.

Community Bldg./Rec. Center/CC/Gym

COMM/REC/CC/GYM_01 Normal New 20.5 390,593 203,736 2,223,489

Quality control code inspection costs are included in the agency labor/construction phase.

COMM/REC/CC/GYM_02 Normal New 29 1,276,939 309,281 9,122,123

Quality control code inspection costs are included in the agency labor/construction phase.

Streets
Widening / New / Grade Separation

WID/NEW/GRADE_01 Normal New 96 4,083,586 1,626,953 15,799,724

WID/NEW/GRADE_02 Normal New 44 215,484 64,120 1,158,735

$14,972 Administration/Other costs were added to Agency Labor - Planning costs.

WID/NEW/GRADE_03 Normal New 93 706,529 985,029 15,920,570

The project will also connect with XXX Road

WID/NEW/GRADE_04 Normal New 64 749,676 1,486,681 10,095,550

$14,149 Administration/Other costs were added to Agency Labor - Planning costs. Multiple vendors and doesn't reflect contribution
from RT.

WID/NEW/GRADE_05 Normal Rehab 20 306,655 85,069 1,167,879

$22,000 Administration/other costs were added to Agency Labor - Planning Costs

WID/NEW/GRADE_06 Normal New 32 126,614 65,520 948,954

$10,000 Administration/Other costs were added to Agency Labor - Planning costs.

WID/NEW/GRADE_07 Normal New 21 152,990 218,286 1,732,238

Tuesday, July 02, 2002 Page 7 of 21
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency B: Department of BBB
Streets
Widening / New / Grade Separation

WID/NEW/GRADE_08 Normal New 36 36,376 298,702 6,516,132

Change order included new items added to project and changes to plans. $18,858 Administration/Other costs were added to
Agency Labor - Planning costs. Design was done by a consultant contracted with XXXX.

Renovation / Resurfacing

RENOV/RESURF_01 Normal Rehab 20 99,943 61,679 3,070,369

$56,455 Administration/Other costs were added to Agency Labor - Planning costs. Street Maintenance spent $310,722 on base
repair plus labor costs. Change order for $107,630 to reconstruct a segment of XXX St due to unsuitable material.

RENOV/RESURF_02 Normal Rehab 17 147,404 87,841 3,645,850

Project was completed in two phases. Street maintenance spent approx. $200,000 on base repair and labor costs. $62,951
Administration/Other costs were added to Agency Labor - Planning costs.

RENOV/RESURF_03 Normal Rehab 17 109,725 71,178 677,306

RENOV/RESURF_04 Normal Rehab 24 120,937 70,505 1,265,725

$11,200 Administration/Other costs were added to Agency Labor - Planning costs.

RENOV/RESURF_05 Normal Rehab 19 28,425 29,700 501,234

$24,013 Administration/Other costs were added to Agency Labor - Planning costs.

RENOV/RESURF_06 Normal Rehab 42 26,693 54,365 561,673

$1,686 Administration/Other costs were added to Agency Labor - Planning costs.

RENOV/RESURF_07 Normal Rehab 48 120,147 95,987 1,357,886

$2,281 Administration/Other costs were added to Agency Labor - Planning costs. Change order due to an additional scope of work.

RENOV/RESURF_08 Normal Rehab 20 97,508 84,118 1,183,359

$5,000 Administration/Other costs were added to Agency Labor - Planning costs.

RENOV/RESURF_09 Normal Rehab 27 125,548 120,837 1,089,040

Bike / Pedestrian / Curb Ramps

BIKE/PED/CURB_01 Complex New 26 746,569 165,068 2,456,831

$3,946 Administration/Other costs were added to Agency Labor - Planning costs.

BIKE/PED/CURB_02 Normal New 15 77,653 97,028 1,216,293

$3,181 Administration/Other costs were added to Agency Labor - Planning costs.
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency B: Department of BBB
Streets
Bike / Pedestrian / Curb Ramps

BIKE/PED/CURB_03 Normal New 11 16,245 18,083 493,290

$1,000 Administration/Other costs were added to Agency Labor - Planning costs.

BIKE/PED/CURB_04 Normal New 11 23,308 64,282 1,136,830

$815 Administration/Other costs were added to Agency Labor - Planning costs.

BIKE/PED/CURB_05 Normal New 10 3,504 32,105 248,360

$3,161 Administration/Other costs were added to Agency Labor - Planning costs.

BIKE/PED/CURB_06 Normal New 12 28,303 8,168 49,670

$3,957 Administration/Other costs were added to Agency Labor - Planning costs.

BIKE/PED/CURB_07 Normal New 10 9,044 3,308 11,230

Signals

SIGNAL_01 Normal New 5 27,540 4,969 139,568

$4,712 Administration/Other costs were added to Agency Labor - Planning costs.

SIGNAL_02 Normal New 6 7,499 6,980 84,805

SIGNAL_03 Normal New 19.5 27,055 4,888 83,163

$5,331 Administration/Other costs were added to Agency Labor - Planning costs.

SIGNAL_04 Normal New 7.5 36,883 4,700 113,524

$12,483 Administration/Other costs were added to Agency Labor - Planning costs.

SIGNAL_05 Normal New 9 52,660 32,176 188,253

$6,019 Administration/Other costs were added to Agency Labor - Planning costs.

Agency C: Department of CCC
Municipal Facilities
Libraries

LIBRARY_01 Normal Rehab 28 578,249 490,199 2,356,523

LIBRARY_02 Normal New 21 328,000 263,000 1,326,932

Project delivered in a short amount of time in order to satisfy community expectations.
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency C: Department of CCC
Municipal Facilities
Police / Fire Station

POLICE/FIRE_01 Complex New 41 1,019,065 903,107 8,458,635

POLICE/FIRE_02 Normal Rehab 27 362,191 412,415 2,564,618

POLICE/FIRE_03 Normal Rehab 57 653,674 762,120 4,612,694

POLICE/FIRE_04 Normal Rehab 24 307,853 166,327 927,411

POLICE/FIRE_05 Normal Rehab 25 512,000 253,000 1,978,404

POLICE/FIRE_06 Normal Rehab 50 1,016,247 393,952 3,713,333

Community Bldg./Rec. Center/CC/Gym

COMM/REC/CC/GYM_01 Normal Rehab 46 198,028 106,569 611,500

COMM/REC/CC/GYM_02 Complex Rehab 92 154,104 64,229 324,002

Client requested 3 completed preliminary schemes and two sets of construction documents for their own construction crew. Project
was on hold for four years and repackaged for bids.

COMM/REC/CC/GYM_03 Complex New 96 818,918 637,836 4,841,582

Extended planning (lawsuits, death of Architect). Bad General Contractor - delivered building one year late.

COMM/REC/CC/GYM_04 Complex New 36 371,422 443,703 3,349,008

Inexperienced Contractor. Client requested 10 full preliminary schemes.

Streets
Widening / New / Grade Separation

WID/NEW/GRADE_01 Complex New 42 156,821 125,923 904,926

Construction restrictions due to traffic operations and addressing the needs of hotels and merchants and public events, as well as
the high number of utilities relocation.

WID/NEW/GRADE_02 Complex Rehab 79 510,000 917,500 5,492,000

path and sewer line. These project were redesigned and readvertised, combined project with street widening.
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency C: Department of CCC
Streets
Widening / New / Grade Separation

WID/NEW/GRADE_03 Normal New 61 441,732 211,426 2,851,125

WID/NEW/GRADE_04 Normal New 23 85,680 85,752 237,815

Bridges (Retrofit / Seismic)

BRDG/RETRO/SEISMIC_01 Complex Rehab 57 2,795,613 993,769 11,474,673

BRDG/RETRO/SEISMIC_02 Normal Rehab 24 126,004 93,977 847,280

BRDG/RETRO/SEISMIC_03 Normal Rehab 11 34,007 22,672 242,585

BRDG/RETRO/SEISMIC_04 Normal New 38 475,417 396,573 2,734,019

Renovation / Resurfacing

RENOV/RESURF_01 Normal Rehab 48 207,429 260,914 1,303,466

RENOV/RESURF_02 Normal Rehab 55 101,747 171,401 883,469

RENOV/RESURF_03 Normal Rehab 23 112,586 133,129 812,728

RENOV/RESURF_04 Normal Rehab 45 91,668 145,316 1,114,209

RENOV/RESURF_05 Normal Rehab 44 91,921 195,001 1,651,477

RENOV/RESURF_06 Normal Rehab 16 135,535 125,268 823,699

RENOV/RESURF_07 Normal Rehab 24 114,572 185,164 937,092
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency C: Department of CCC
Streets
Bike / Pedestrian / Curb Ramps

BIKE/PED/CURB_01 Normal Rehab 4 23,000 23,580 133,240

BIKE/PED/CURB_02 Normal New 7.5 27,261 22,350 173,725

BIKE/PED/CURB_03 Normal New 6.5 40,138 48,110 317,930

BIKE/PED/CURB_04 Normal New 6.5 26,000 26,000 173,375

Signals

SIGNAL_01 Normal New 19 45,000 76,600 433,000

SIGNAL_02 Normal New 33 46,850 123,888 700,606

SIGNAL_03 Normal Rehab 38 67,101 97,522 625,800

SIGNAL_04 Normal Rehab 42 131,812 165,936 1,050,000

SIGNAL_05 Normal New 27 95,200 67,900 452,000

SIGNAL_06 Normal Rehab 27 94,000 123,268 803,000

SIGNAL_07 Normal Rehab 44 77,184 130,278 997,258

Pipe Systems
Gravity System (Storm Drains, Sewers)

GRAVITY_01 Normal Rehab 5 68,477 63,159 1,627,027
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency C: Department of CCC
Pipe Systems
Gravity System (Storm Drains, Sewers)

GRAVITY_02 Normal New 16.5 80,038 66,678 695,024

GRAVITY_03 Normal Rehab 43 237,398 485,374 2,863,966

GRAVITY_04 Normal New 23 49,900 59,967 525,985

GRAVITY_05 Complex New 4.5 34,101 33,054 458,145

GRAVITY_06 Normal Rehab 20 66,440 91,000 796,440

GRAVITY_07 Normal Rehab 29 77,978 87,430 856,593

This is a JV with XXX. Amount shown is for sewer work only.

Pressure Systems

PRESSURE_01 Normal New 26 382,792 158,805 1,880,219

PRESSURE_02 Normal Rehab 23 75,842 157,645 1,824,447

PRESSURE_03 Normal Rehab 23 69,241 55,941 1,044,177

PUC project.

PRESSURE_04 Normal Rehab 21 92,384 125,793 1,276,649

PUC Project.

PRESSURE_05 Normal Rehab 14 45,493 41,096 493,835

PUC Project.

PRESSURE_06 Normal Rehab 21 53,654 229,363 840,520

PUC Project.

Pump Stations

PUMP STN_01 Normal New 22 664,036 532,412 3,301,000
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency C: Department of CCC
Pipe Systems
Pump Stations

PUMP STN_02 Normal Rehab 40 1,410,624 976,000 7,539,700

PUMP STN_03 Normal New 33 942,110 313,700 8,290,000

PUMP STN_04 Normal New 36 1,291,338 857,300 7,418,700

PUMP STN_05 Normal New 27 525,142 539,523 2,998,362

PUMP STN_06 Normal New 26 251,229 435,011 2,916,300

Agency D: Department of DDD
Municipal Facilities
Libraries

LIBRARY_01 Normal New 96 565,725 377,815 2,102,680

E1700027

LIBRARY_02 Normal New 60 810,081 312,388 3,831,000

E1700033

LIBRARY_03 Normal New 80 484,083 403,495 2,685,000

E1700037

LIBRARY_04 Normal New 38 581,278 7,122 3,352,000

E1700371

LIBRARY_05 Normal New 39 533,801 448,548 2,246,000

E1700378

LIBRARY_06 Normal New 40 708,021 7,482 2,933,750

E1700404 & E1700405

Police / Fire Station

POLICE/FIRE_01 Complex New 36 280,146 189,528 2,418,658

E1601083
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency D: Department of DDD
Municipal Facilities
Police / Fire Station

POLICE/FIRE_02 Normal New 101 830,087 308,183 5,581,715

E1700061

POLICE/FIRE_03 Normal New 100 2,156,900 450,678 10,932,961

E1700077

POLICE/FIRE_04 Normal New 92 2,217,771 741,775 11,852,000

E1700078

POLICE/FIRE_05 Normal New 97 4,179,499 855,166 28,041,026

E1700125

POLICE/FIRE_06 Normal Rehab 80 217,320 88,440 912,762

E1700168

POLICE/FIRE_07 Normal Rehab 55 190,034 72,191 1,569,803

E1700175

Community Bldg./Rec. Center/CC/Gym

COMM/REC/CC/GYM_01 Normal New 32 698,795 448,186 5,118,926

E1902939

COMM/REC/CC/GYM_02 Normal New 27 261,995 105,709 1,226,848

E1903294

COMM/REC/CC/GYM_03 Normal New 43 350,526 73,993 1,300,000

E1903955

Streets
Widening / New / Grade Separation

WID/NEW/GRADE_01 Normal Rehab 49 110,171 67,299 836,360

E6000442

WID/NEW/GRADE_02 Complex Rehab 82 679,423 208,625 1,974,900

E6000450

WID/NEW/GRADE_03 Normal Rehab 45 206,413 4,579 1,386,648

EXX81111
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency D: Department of DDD
Streets
Widening / New / Grade Separation

WID/NEW/GRADE_04 Normal Rehab 45 280,935 2,011 1,208,719

EXX81115

Bridges (Retrofit / Seismic)

BRDG/RETRO/SEISMIC_01 Complex Rehab 53 571,519 310,169 4,911,890

E6000178

BRDG/RETRO/SEISMIC_02 Complex Rehab 43 1,543,713 460,663 3,425,607

E6000259

BRDG/RETRO/SEISMIC_03 Complex Rehab 44 976,179 220,720 6,138,128

E6000371

BRDG/RETRO/SEISMIC_04 Complex Rehab 68 411,652 170,521 1,829,916

E6000375

BRDG/RETRO/SEISMIC_05 Complex New 78 556,649 354,641 1,831,767

E6000385

BRDG/RETRO/SEISMIC_06 Complex Rehab 69 1,071,973 464,665 9,512,346

E6000401

Pipe Systems
Gravity System (Storm Drains, Sewers)

GRAVITY_01 Normal New 103.3 346,594 485,280 6,864,900

E2000474

GRAVITY_02 Normal New 150.1 285,297 556,887 7,959,332

E2000543

GRAVITY_03 Normal New 107 293,188 1,060,012 13,176,400

E2000545

GRAVITY_04 Normal New 161 232,924 74,588 342,937

E4000055

GRAVITY_05 Normal New 62 37,585 12,249 56,632

E4000238
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency D: Department of DDD
Pipe Systems
Gravity System (Storm Drains, Sewers)

GRAVITY_06 Normal New 54 96,057 36,308 212,627

E4000260

GRAVITY_07 Normal New 284.9 629,722 122,702 9,390,839

EXX31479

GRAVITY_08 Normal New 33.13 210,182 252,437 3,674,245

SZC11113

GRAVITY_09 Normal New 21.3 79,765 105,505 1,186,373

SZC11138

GRAVITY_10 Normal New 25 133,059 91,655 1,057,564

SZC11139

GRAVITY_11 Normal New 23.1 163,195 111,401 615,699

SZC11190

GRAVITY_12 Normal New 23.8 366,236 127,813 1,553,475

SZC11193

GRAVITY_13 Normal New 56 96,161 10,902 246,450

SZS11143

GRAVITY_14 Normal New 32 39,921 20,113 87,154

SZS11157

GRAVITY_15 Normal Rehab 49 133,067 85,897 473,613

Unit 196

GRAVITY_16 Normal Rehab 38 70,973 78,052 794,023

Unit 202

GRAVITY_17 Normal Rehab 38 54,709 35,493 612,167

Unit 221

GRAVITY_18 Normal Rehab 38 55,246 48,046 638,552

Unit 235
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency D: Department of DDD
Pipe Systems
Gravity System (Storm Drains, Sewers)

GRAVITY_19 Normal Rehab 30.4 78,817 49,856 511,085

Unit 236

GRAVITY_20 Normal Rehab 36 84,927 41,326 426,470

Unit 251

GRAVITY_21 Normal Rehab 38 104,144 74,361 711,774

UNIT 266

Agency E: Department of EEE
Streets
Widening / New / Grade Separation

WID/NEW/GRADE_01 Normal New 52 1,232,649 3,593,462 8,121,841

WID/NEW/GRADE_02 Normal New 42 1,340,946 153,566 4,366,026

Renovation / Resurfacing

RENOV/RESURF_01 Normal Rehab 22 34,595 68,448 378,211

RENOV/RESURF_02 Normal Rehab 14 26,062 43,403 330,256

RENOV/RESURF_03 Normal Rehab 13 141,575 61,530 260,047

RENOV/RESURF_04 Normal Rehab 27 57,270 78,934 533,326

RENOV/RESURF_05 Normal Rehab 16 61,704 69,345 414,672

RENOV/RESURF_06 Normal Rehab 20 62,535 158,492 965,167

RENOV/RESURF_07 Normal Rehab 11 66,551 129,075 718,779
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency E: Department of EEE
Streets
Bike / Pedestrian / Curb Ramps

BIKE/PED/CURB_01 Normal New 5 0 38,583 218,430

No design costs could be found. An accounting change occurred in 1997 that may be the reason why some information was lost.

BIKE/PED/CURB_02 Normal New 3 15,205 45,758 149,880

BIKE/PED/CURB_03 Normal New 6 17,656 45,034 268,557

BIKE/PED/CURB_04 Normal New 5 42,800 21,497 167,468

BIKE/PED/CURB_05 Normal New 6 12,615 20,548 161,864

BIKE/PED/CURB_06 Normal New 7 13,522 44,851 149,423

Signals

SIGNAL_01 Normal New 9 9,962 20,581 168,654

SIGNAL_02 Normal New 8 7,316 26,472 147,960

SIGNAL_03 Normal New 11 17,995 19,017 307,619

SIGNAL_04 Normal New 16 14,576 26,843 158,638

Agency F: Department of FFF
Municipal Facilities
Libraries

LIBRARY_01 Normal New 29 430,000 190,000 1,726,262
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency F: Department of FFF
Municipal Facilities
Police / Fire Station

POLICE/FIRE_01 Normal New 43 511,000 300,000 4,392,000

Public Works coordinated Plan Review/Code Checks and Inspections Only. The project schedule Design and Construction budgets
were managed by another agency

POLICE/FIRE_02 Normal Rehab 29 92,000 26,000 1,154,851

POLICE/FIRE_03 Normal New 30 316,000 97,000 1,042,135

Community Bldg./Rec. Center/CC/Gym

COMM/REC/CC/GYM_01 Normal Rehab 22 346,000 89,000 894,000

COMM/REC/CC/GYM_02 Complex New 17 1,026,000 210,000 3,383,365

Streets
Bridges (Retrofit / Seismic)

BRDG/RETRO/SEISMIC_01 Normal New 59 1,076,568 881,380 4,826,358

Contract Awarded on 2/27/96, Final on 8/8/00

BRDG/RETRO/SEISMIC_02 Normal New 67 1,364,448 828,409 3,419,668

Contract Awarded on 4/20/99, Final on 6/8/01

Signals

SIGNAL_01 Normal New 22.5 154,896 79,027 859,099

Contract Awarded on 6/20/00, Final on 6/28/01

SIGNAL_02 Normal New 19 38,050 121,213 387,651

Contract Awarded on 3/28/00, Final on 8/3/01

SIGNAL_03 Normal New 15 35,654 99,984 423,458

Contract Awarded on 5/9/00, Final on 6/25/01

SIGNAL_04 Normal New 31.5 85,423 77,242 1,176,448

Contract Awarded on 6/30/98, Final on 5/12/00
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California Multi-Agency CIP Benchmarking Study
PROJECTS LISTING

Project Complexity New OR Total Design Construction Construction
Description Rehab Dur Cost Management Cost

Agency F: Department of FFF
Streets
Signals

SIGNAL_05 Normal New 35.5 19,084 168,898 372,712

Contract Awarded on 6/29/99, Final on 1/10/02

SIGNAL_06 Complex New 26 70,078 56,235 440,733

Contract Awarded on 5/11/99, Final on 10/9/00 UP Railroad Construction Improvements-Land Acquisition. Land Acquisition is really
Other Costs related to UPUPRR Construction Improvements

Pipe Systems
Gravity System (Storm Drains, Sewers)

GRAVITY_01 Normal Rehab 32 265,101 132,806 2,035,815

Contract Awarded on 6/1/99, Final on 6/7/01

GRAVITY_02 Normal Rehab 25 167,921 157,096 1,039,280

Contract Awarded on 4/13/99, Final on 8/22/00

GRAVITY_03 Complex Rehab 12 22,350 142,216 379,164

Contract Awarded on 8/8/00, Final on 8/30/01

GRAVITY_04 Normal New 31 39,991 21,174 65,946

Contract Awarded on 5/17/99, Final on 3/27/00
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D-III. Performance Graphs



D-30



D
-31

Curves Group 1

Design Cost / Construction Cost
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Total Construction Cost
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Municipal Facilities - All Classifications

Design % Versus
Total Construction Cost

R2 = 0.3586
N = 47

%

10%

20%

30%

40%

50%

60%

0 5 10 15 20 25 30

Total Construction Cost ($Million)

D
es

ig
n

P
er

ce
n

ta
g

e Agency A

Agency B

Agency C

Agency D

Agency F

Log. (Global)

Log. (Global-UB)



D
-33

Municipal Facilities - Libraries

Design Percentage Versus
Total Construction Cost

R2 = 0.6544
N = 14
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Municipal Facilities - Police / Fire Station

Design Percentage Versus
Total Construction Cost

R2 = 0.1384
N = 19
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Municipal Facilities - Community Bldg./Rec. Center/CC/Gym

Design Percentage Versus
Total Construction Cost

R2 = 0.5689
N = 14
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* Two Curb Ramp projects had zero design costs and were excluded from this graph

Streets - All Classifications

Design Percentage Versus
Total Construction Cost
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Streets - Widening / New / Grade Separation

Design Percentage Versus
Total Construction Cost

R2 = 0.1702
N = 21
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Streets - Bridges (Retrofit / Seismic)

Design Percentage Versus
Total Construction Cost

R2 = 0.5038
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Streets - Renovation / Resurfacing

Design Percentage Versus
Total Construction Cost
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Streets - Bike / Pedestrian / Curb Ramps

Design Percentage Versus
Total Construction Cost
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N = 22
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Streets - Signals

Design Percentage Versus
Total Construction Cost

R2 = 0.2105
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Pipe Systems - All Classifications

Design Percentage Versus
Total Construction Cost
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Pipe Systems - Gravity System (Storm Drains, Sewers)

Design Percentage Versus
Total Construction Cost

R2 = 0.4988
N = 47
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Pipe Systems - Pressure Systems

Design Percentage Versus
Total Construction Cost

R2 = 0.21
N = 13
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Pipe Systems - Pump Stations

Design Percentage Versus
Total Construction Cost

R2 = 0.1988
N = 8
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Municipal Facilities - All Classifications

Construction Management Percentage Versus
Total Construction Cost

R2 = 0.1997
N = 47
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Municipal Facilities - Libraries

Construction Management Percentage Versus
Total Construction Cost

R2 = 0.2253
N = 14
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Municipal Facilities - Police / Fire Station

Construction Management Percentage Versus
Total Construction Cost

R2 = 0.1041
N = 19
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Municipal Facilities - Community Bldg./Rec. Center/CC/Gym

Construction Management Percentage Versus
Total Construction Cost

R2 = 0.4613
N = 14
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Streets - All Classifications

Construction Management Percentage Versus
Total Construction Cost

R2 = 0.2619
N = 124

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 2 4 6 8 10 12 14 16 18

Total Construction Cost ($Million)

C
o

n
st

ru
ct

io
n

M
an

ag
em

en
t

P
er

ce
n

ta
g

e

Agency A

Agency B

Agency C

Agency D

Agency E

Agency F

Log. (Global)

Log. (Global-UB)



D
-53

Streets - Widening / New / Grade Separation

Construction Management Percentage Versus
Total Construction Cost

R2 = 0.0002
N = 21
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Streets - Bridges (Retrofit / Seismic)

Construction Management Percentage Versus
Total Construction Cost

R2 = 0.2233
N = 19
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Streets - Renovation / Resurfacing

Construction Management Percentage Versus
Total Construction Cost

R2 = 0.6387
N = 28
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Streets - Bike / Pedestrian / Curb Ramps

Construction Management Percentage Versus
Total Construction Cost

R2 = 0.3613
N = 24
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Streets - Signals

Construction Management Percentage Versus
Total Construction Cost

R2 = 0.0963
N = 32
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Pipe Systems - All Classifications

Construction Management Percentage Versus
Total Construction Cost

R2 = 0.2884
N = 68

0%

10%

20%

30%

40%

50%

60%

70%

0 2 4 6 8 10 12 14

Total Construction Cost ($Million)

C
o

n
st

ru
ct

io
n

M
an

ag
em

en
t

P
er

ce
n

ta
g

e

Agency A

Agency C

Agency D

Agency F

Log. (Global)

Log. (Global-UB)



D
-59

Pipe Systems - Gravity System (Storm Drains, Sewers)

Construction Management Percentage Versus
Total Construction Cost

R2 = 0.3577
N = 47
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Pipe Systems - Pressure Systems

Construction Management Percentage Versus
Total Construction Cost

R2 = 0.163
N = 13
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Pipe Systems - Pump Stations

Construction Management Percentage Versus
Total Construction Cost

R2 = 0.643
N = 8
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Municipal Facilities - All Classifications

Project Delivery Percentage Versus
Total Construction Cost

R2 = 0.4228
N = 47
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Streets - All Classifications

Project Delivery Percentage Versus
Total Construction Cost

R2 = 0.2934
N = 124
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Pipe Systems - All Classifications

Project Delivery Percentage Versus
Total Construction Cost

R2 = 0.535
N = 68
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Curves Group 4

Change Order Cost / Construction Cost

Versus

Total Construction Cost
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Municipal Facilities - All Classifications

Change Order Percentage Versus
Total Construction Cost

R2 = 0.0013
N = 47
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Streets - All Classifications

Change Order Percentage Versus
Total Construction Cost

R2 = 0.0365
N = 124
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Pipe Systems - All Classifications

Change Order Percentage Versus
Total Construction Cost

R2 = 0.0043
N = 68
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Curves Group 5

Total Project Duration

Versus

Total Construction Cost
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Municipal Facilities - All Classifications

Total Duration (Months) Versus
Total Construction Cost

R2 = 0.0621
N = 47
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Streets - All Classifications

Total Duration (Months) Versus
Total Construction Cost

R2 = 0.088
N = 124
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Pipe Systems - All Classifications

Total Duration (Months) Versus
Total Construction Cost

R2 = 0.1912
N = 68
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