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* To define life cycle costing (LCC) in a historical context

+ To establish appropriate principles which can be used to
support life cycle engineering and costing (LCE&C)

+ To provide engineering students with a general awareness
of appropriate principles for LCC and to illustrate their
potential use in civil engineering applications

+ To address some practical issues surrounding LCE&C

+ To facilitate and encourage the use of innovative and
sustainable building materials and systems in the
construction industry by assisting engineers in making
rational decisions based on whole-life costs
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Overview

Case studies:
Innovative Bridge Deck
Solutions

Constraints Principles & Concepts

Performing a Life Benefits / Objectives

Cycle Cost Analysis

* The infrastructure crisis:

»The existing public infrastructure has suffered from
decades of neglect and overuse, leading to a global
infrastructure crisis

» For example, more than 40% of the bridges in Canada
were built over 50 years ago and badly need
rehabilitation, strengthening, or replacement
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ComEoslles i i @ ComEosltes . . @
ERP_ Introduction & Overview od ERP_ Introduction & Overview ol
Infrastructure Crisis Infrastructure Crisis
) _ + Deteriorated structures...
+ Factors leading to the unsatisfactory state of Severely corroded steel
infrastructure: has resulted in spalling of

» Corrosion of conventional internal reinforcing steel

the concrete cover and
exposure of the steel

»Unsatisfactory inspection and monitoring of reinforcement
structures
»Increases in load requirements and design
requirements over time
»Overall deterioration and aging
ISIS EC Module 7 ISIS EC Module 7
Cumeusiles . . @ Comeosites . . @
_FRP_ Introduction & Overview oo —FRP_ Introduction & Overview oo
New Technologies

* The need for new technologies:

» We can no longer afford to upgrade and replace existing
structures using only conventional materials and methods

9%

» Non-corrosive FRP reinforcement is gaining acceptance
» Structural health monitoring (SHM) is emerging

9%

1. Toincrease and prolong service lives
2. To reduce long-term maintenance costs

* FRPs: have emerged as promising alternative
materials for reinforced concrete structures

» Non-corrosive
» Non-magnetic
» Light weight

» High tensile strength
» Highly versatile /
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» Reduced inspection

» Optimized resource allocation
» Increased safety

» Reduced maintenance costs

Mon%\M/ I SHM system

Structure

ComEoslles i i @ ComEosltes . . @
_ERP_ Introduction & Overview od ERP_ Introduction & Overview ol
New Technologies New Technologies
* SHM: a broad suite of systems used to monitor the in- « FRPS and SHM typically result in increased capital
service condition and performance of structures expenditures:

» Unfortunately, this often discourages infrastructure owners from
implementing the new technologies

HOWEVER

* Such technologies will save money and improve
performance over the lifetime of a structure; over the
structure’s life cycle
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_FRP_ Introduction & Overview oo —FRP_ Introduction & Overview oo
LCC/LCE&C LCC/LCE&C

* The need for LCC:

» For FRPs and SHM to see widespread use in civil
infrastructure projects, the promotion and use of life
cycle costing (LCC) is essential

» LCC is an important consideration that must be used
to support the broader concept of life cycle
engineering and costing, sometimes called
engineering for the life cycle

* The scope of this module:

» Life cycle costing (LCC) is an important consideration
in the design and implementation of virtually all
engineered structures

» The current documents presents information on LCC
analysis, concerning civil infrastructure projects with an
emphasis on the use of FRPs and SHM
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_ERP_ Introduction & Overview 5@1 ERP_ LCC: A (Very) Brief History 5@1
LCC/LCE&C LCC/LCE&C

+ What is life cycle costing?

» Life cycle costing (LCC) refers to a range of techniques
used to estimate the total cost of a structure from
creation to eventual disposal

(e.g., design, construction, inspection,
maintenance, repair, upgrade, disposal, etc.)

» The results of an LCC analysis can be used by various
groups in the decision making process to compare
various materials and design options

» Early 1960s, the U.S. DoD

+ Up to 75% of weapons systems costs were due to operational,
maintenance, rehabilitation, and disposal costs

Significantly changed procurement policies

Bids for contracts subsequently awarded on minimum LCC to satisfy
certain performance objectives — not on initial cost!

» Change was highly significant to suppliers and
engineering contractors

+ Forced them to think about and include LCC considerations during
design and engineering activities — a beneficial shift in engineering
design practices had occurred

» Defense artifacts are now engineered for the life cycle
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_FRP_ Infrastructure Significance oo —FRP_ Life Cycle Costing oo

LCC/LCE&C

If infrastructure owners embrace LCC
as a criterion for decision making...

...then suppliers and civil engineering
designers and contractors will be forced
to design for the full life cycle

LCC/LCE&C
« What is life cycle engineering & costing?

» When LCC becomes an integral part of the iterative
engineering design process, life cycle engineering and
life cycle costing merge into a unified process termed life
cycle engineering and costing (LCE&C)

» This process clearly and quantitatively considers the
life cycle performance of a structure and all of the
associated costs
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is incurred throughout its entire life; rather
than only at the time of construction

> In many cases, the operating, maintenance,
repair, and disposal costs can be much larger
than the initial costs

ComEoslles @ ComEosltes “ ” @
Fm'c:on%n |mp0rtance Section: 1 Fm'c:m%n The |Ceberg Analogy Section: 1
LCC/LCE&C LCC/LCE&C
. . TN
* Why is LCE&C important? [/ “eauisition
A ’\C%Poor management
» The true cost of ownership of infrastructure

Training Operation Inspection

ial End of life and
Specw.\ disposal
testing
Repair Transportation

and Handling

Maintenance
Human
W resources

rade
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_FRP_ Whole Life” Costs oo —FRP_ Whole Life Costs oo
LCC/LCE&C LCC/LCE&C

+ Whole life costs consist of:

1. Acquisition costs
+ Costs incurred between decision to proceed with
procurement and entry of structure into operational use

2. Operational costs
+ Costs incurred during operational life of the structure

3. End of life costs

+ Costs associated with disposal, termination, or
replacement of structure

Typical spending profile for an infrastructure artifact

-~

Cost

Acquisition End of Life

Operation

Time
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Composites i i @
_ERP_ LCC Implications

For Construction Section: 1

TFRP- Who does LCC and LCE&C? £

For Construction Section: 1

LCC/LCE&C LCC/LCE&C
* Potential savings and costs of changes... + While LCE&C was once confined to certain specific
4 Potential for  Cost of L . industries...
generating  making Civil engineers >t now finds widespread use in virtually all engineering
savings changes Shou_ld adequgtely related industries:
consider the life
Cost \ l cycle implications of + The defense industry
thei_r decisions and + Federal, provincial, and municipal governments
designs « The private sector (e.g., the Japanese
> automobile industry)
Time
ISIS EC Module 7 ISIS EC Module 7
CumEusiles @ Comeosi(es i} @
_ERP_ Asset Management - _FRP_ Asset Management Is... -

+ In addition to engineer’s responsibility to protect public
health and safety, engineers have a responsibility to:
» Build, develop, and manage infrastructure components and
networks considering the long-term economic health and
prosperity of the nation

+ Engineers and infrastructure managers need to know:
» What is currently happening with their infrastructure assets

» What needs to happen in the future to maintain (or improve) current
levels of service

» The cost of designing, acquiring, operating, preserving, and replacing
the assets at some prescribed level of service based on well-defined
performance objectives

+ Abusiness process and decision-making framework that:
» Covers an extended time horizon
» Draws from economics as well as engineering
» Considers a broad range of assets

* Incorporates economic assessment of trade-offs among
alternative investment options and uses this information to help
make cost-effective decisions

+ Increasing use in recent years due to:
» Changes in the infrastructure environment
» Changes in public expectations
» Extraordinary advances in infrastructure and computing technologies
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_ERP_ LCE&C Functions oo —ERP_ Principles & Concepts e
LCE&C Functions
. . . . » LCE&C is a hybrid discipline that merges various fields
+ Life cycle engineering and costing (LCE&C): of inquiry:
. . . . Decision theory
» provides long-term impacts of current decisions and practice
» helps infrastructure managers to quantify the current Economic
and future state of infrastructure systems theory and
practice
» informs whole life asset management of entire
infrastructure systems
> increa§es their long-term sustainability and Engineering
effectiveness design theory
and practice
ISIS EC Module 7 ISIS EC Module 7
CumEusites . . Comeosites . .
_ERP Principles & Concepts I —FRP Principles & Concepts o3,
LCC in Design

+ LCC as part of engineering design:

"« Client/ customer / user needs

1. Inputs - + Creativity and experience of engineers
+ State of knowledge / technology

+ Engineering design standards

+ Available inputs to production

_* Criteria for success

!

2. Iterative Engineering Design

Reassess (feedback)

Evaluation / decision
Next stage

Reassess (feedback)

Conceptual design stage

_.‘ Preliminary design stage
Detailed design stage

Evaluation / decision

Next stage

Reassess (feedback)

Evaluation / decision

Act == @
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_ERP_ Principles & Concepts

For Construction Section: 2

Composites . . @
_FRP_ Principles & Concepts

For Construction Section: 2

LCC in Design
"+ Detailed design

3 OUtpUts"::'g + Optimal engineered artifact, production
i arrangement, construction sequence etc.

]

I J

|
CONSTRUCT|ON#> #> DISPOSAL

OPERATION, INSPECTION,
MAINTENANCE, AND REPAIR

¥
Project Life Cycle

« Economic theory:

» Economic theory and practice provides a credible and
rigorous definition of costing over the life cycle of
infrastructure systems

» For any engineering project, the basic economic problem
is to maximize the difference between the cost of
employing various inputs to production and the
value of the resulting engineered artifact
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CumEusites i i Comeosites . .
_FRP_ Principles & Concepts oo —FRP_ Principles & Concepts oo

+ Engineering design — from an economics
standpoint...

» To plan (design) a combination of available inputs that
minimizes the total cost of reaching specific target
performance level over a representative time period

(e.g., concrete, rebar, labour, equipment, skills,

maintenance and management protocols,
deconstruction and disposal strategies)

» The logical representative time period is the expected
service life of the engineered structure

+ Decision analysis (DA):

» DA theory and practice provide sensible guidance for
the iterative, complex, and uncertain business of
decision making in engineering design

» DA suggests a straightforward and logical
progression of analytical practice to reach good
decisions in an efficient and timely manner
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_ERP_ Principles & Concepts wod ERP_ Principles & Concepts oo
Decision Analysis Decision Analysis

+ The Decision Analysis Cycle

‘ INPUT: Decision alternatives and criteria ‘

1
] I

ITERATIVE DECISION ANALYSIS

Reassess /
feedback

__
OUTPUT: “Optimal” decision

1. The Deterministic Phase:

+ Begins with a simple model of the problem at hand

» Model describes a logical but rough analytical process
leading from design alternatives to LCC

+ Typically includes a “sensitivity analysis” of the LCC model
» Studies the relative effects of the model variables and parameters
» Conducted by individually varying specific individual parameters
and observing the effects on the model outputs
» Allows identification of model variables that exert disproportionate
effects on model's results (see example later)
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CumEusites i i Comeusites . .
_FRP_ Principles & Concepts oo —FRP_ Principles & Concepts oo
Decision Analysis Decision Analysis

2. The Probabilistic Phase:

¢ Assigns relevant probability distributions to the factors that
are significantly influenced by uncertainty

» Probability distributions describe the likelihood that each
important variable attains a particular value

* “Probabilistic” model variables form the basis of
expected value estimates and cumulative risk profiles

» Allow decision makers the opportunity to examine each design
concept on the basis of expected value and related risk

3. The Informational Phase:

+ Value of information calculations performed to determine
the expected value of additional DA iterations and the
requisite information gathering and analysis

+ The decision maker should choose the best available
option and move on to the next step in the design process

+ Additional information reduces uncertainty, and
reducing uncertainty may have value
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Composites . @
ERP_ Important Concepts in LCC

Section: 2

For Construction

Composies i @
ERP_ Important Concepts in LCC

For Construction Section: 2

+ Cost Breakdown Structure (CBS):

» Estimating the total LCC requires breakdown of the asset
or artifact into its constituent cost elements over time...

* i.e., we need to determine all of the potential costs that
may be incurred over the entire life of the structure.

The aim of CBSs is to identify all relevant
cost elements throughout the life cycle and
to ensure that these have well defined
boundaries to avoid omission or duplication

CBS

¢ The level to which the CBS is broken down (i.e., the level of
detail) depends on the purpose and scope of the LCC study,
and requires identification of:
» Any and all significant cost generating components
» the time in the life cycle when the cost is to be incurred

» relevant resource cost categories such as labour, materials,
fuel/lenergy, overhead, transportation/travel, etc.

+ Costs associated with LCC elements may be further allocated
between recurring and non-recurring (one-time) costs

ISIS EC Module 7 ISIS EC Module 7
CumEusiles Comeosites . @
_ERP_ Example CBS I ERP_ Important Concepts in LCC o3,
O CBS

‘ User Costs ‘ ‘ Agency Costs ‘ ‘ Externalized Costs

I
[ I I I
‘ Design ‘ ‘ Acquisition ‘ ‘ Operation & ‘ Disposal ‘

Maintenance

| | | Planning

Engineering Purchase costs

design

1 1 1 Demoliion
‘ ‘ ‘ Deconstucion

‘ Operation

Client contact Equipment Management
Researcl h Support Equipment Manpower
Construction Upgrades
Documentation Uilties
Etc Insurance

Management
costs

Maintenance

Management
Manpower
Inspection

Repair

Etc

Testing & analysis
Etc

+ Cost Estimating:

» Once a CBS has been outlined, the costs of each
element and each category are estimated

» Costs are typically determined based on:

1. Known factors or rates: known to be accurate
2. Cost estimating relationships: from empirical data
3. Expert judgment: when real data are unavailable
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ERP_ Important Concepts in LCC

For Construction Section: 2

Composies . @
ERP_ Important Concepts in LCC

For Construction Section: 2

+ Discounting:

> Discounting is used to account for the changing
value of assets over time

» The “discount rate” is normally mandated by
some specific agency in infrastructure projects

(e.g., a treasury department sets the rate that other
government departments must follow)

« Inflation:

> |t is normal practice to use a real rate of return
and assume that costs are fixed over time when
performing LCC analyses

> The discount rate is not the inflation rate, but the
investment premium over and above inflation

ISIS EC Module 7
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Composites

FRP_ Important Concepts in LCC

For C Section: 2

Composites

_FRP_ Benefits / Objectives

For C Section: 3

» Timescales:

> It is important that the same study period be used
for all options being compared in an LCC analysis

+ even if the structures being compared have different
service lives

> The study period is the time over which the
various alternatives are compared

* The benefits of LCC:

1. Option evaluation

> A rational evaluation of competing proposals based on
whole life costs

» Evaluation of the impact of alternative courses of action

2. Improved awareness and communication
» Most effort is applied to the most cost effective aspects
of the infrastructure
> Highlight areas in existing items that would benefit from
reevaluation
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_ERP_ Benefits / Objectives

For Construction

€3

Section: 3

“FRp Performing LCC Analysis £

For Construction Section: 4

3. Improved forecasting

> The full cost associated with a structure is
estimated more accurately, including long-term
costing assessments

4. Improved design efficiency

» Costly repetition of design stages is avoid by
incorporating appropriate cost considerations

» Numerous LCC methodologies exist:
»Procedures may differ significantly in terms of
* Their precise implementation
* Their level of complexity
* The amount of feedback & iteration they incorporate

» Most LCC methods incorporate common key steps

NOTE: The steps that follow show a deterministic, non-
iterative approach that reflects a traditional separation of
engineering design and subsequent costing activities

ISIS EC Module 7
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CumEusites . . Comeosites i
_ERP_ Performing LCC Analysis oo, ERP_ LCC Analysis: Steps o3,

* Typical steps in deterministic LCC:

STEP

1 Planning the analysis

Description

Developing the model

Using the model

Sensitivity analysis

Interpretation of results

Selection of best design alternative

N oo~ lwN

Monitoring and validation

1. Planning the analysis:

+ Define the analysis objectives to assist engineering
design and management decisions

+ Delineate the scope of the analysis (e.g., the time
period, use environment, and operation strategies)

+ Identify any underlying conditions, assumptions,
limitations, constraints, and alternative courses of action

* Provide an estimate of the resources

1SIS EC Module 7
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_ERP_ LCC Analysis: Steps o ERP_ LCC Analysis: Steps o
Typical LCC Steps Typical LCC Steps

2. Developing the model:

+ Create a CBS that identifies all relevant cost categories
in all appropriate life cycle phases

+ |dentify those cost elements that will not have a
significant impact

¢+ Select a method for estimating the costs

* |dentify all uncertainties

3. Using the model:

a

=

Obtain the necessary data and develop cost estimates

Run the LCC model and validate with available data

Obtain the LCC model results

Identify cost drivers by examining LCC model inputs and outputs

If necessary, quantify differences among alternatives being studied
Categorize and summarize LCC model outputs

-
EECRRC,

NOTE: The LCC analysis should be documented
to ensure that the results can be verified and
readily replicated by another analyst if necessary

ISIS EC Module 7
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_FRP_ LCC Analysis: Steps oo, —FRP_ LCC Analysis: Steps oo,

Typical LCC Steps
4. Sensitivity analysis:

+ Sensitivity analysis is performed to identify
parameters whose uncertainty significantly
influences the life cycle costs and which ones do not

« Particular attention should be focused on cost drivers,
assumptions related to structure usage, and different
potential discount rates

Typical LCC Steps
5. Interpretation and documentation of results:

+ The LCC outputs should be reviewed against the
objectives defined in the LCC analysis plan

+ Ifthe objectives are not met, additional evaluations,
modifications, and iterations of the LCC model may be
required

* The results should also be well-documented to clearly
understand both the outcomes and the implications of
the analysis

1SIS EC Module 7
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_ERP_ LCC Analysis: Steps o ERP_ LCC Analysis: Steps o
Typical LCC Steps Typical LCC Steps

6. Selection of best design alternative:

« Alternatives should be ranked based on lowest
life cycle cost and the best design or decision
alternative should be chosen

+ A presentation of conclusions, including relevant
results and recommendations, should be

7. Monitoring and validation:

+ Ongoing monitoring and validation of LCC analyses is
important, particularly for large-scale infrastructure
projects

+ Whole-life data are currently unavailable for many new
technologies, and ongoing monitoring of predicted
and observed life cycle costs is essential to provide

provided data that can be used in subsequent LCC analyses
and engineering design decisions
ISIS EC Module 7 ISIS EC Module 7
CumEusiles i Comeosites i
Fof& ConStraIntS Section: 5 Fofﬂ ConStraIntS Section: 5

1. Data and assumptions:

* |tis reasonably easy to establish the acquisition or initial cost of
an infrastructure asset

» More difficult to measure or predetermine the operation,
maintenance, & disposal costs that arise in service

+ Data are obtained from various sources

a) Experienced engineers

b) Empirical data from similar previous projects

c) Engineering research, design, and building codes
d) Manufacturers and suppliers

2. Resources:

+ Considerable dedication of human resources and
specialized expertise may be required

* These requirements can be reduced by the use of
proprietary LCC software packages

+ Available budgets may constrain appropriate
decision making for the long-term

1SIS EC Module 7

ISIS EC Module 7

14



ComEoslles j
FRP Constraints £

For Construction Section: 5

FRP Case Study L

For Construction Section: 6

3. Uncertainty:

+ In simple LCC analyses, deterministic values are
chosen for the various input parameters

+ In more sophisticated LCC procedures, probabilistic
parameter descriptions are used

+ To be successful, LCC analysis relies on known project
parameters such as environment, regulatory, legal,
resource, etc

Innovative bridge deck solutions

» GFRP reinforcing bars for concrete bridge deck applications

+ GFRP reinforcing bars are
non-corrosive

1

* The service lives of bridge
structures can be
prolonged

e N ]
GFRP bars being installed
in a concrete bridge deck

ISIS EC Module 7
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“FRP Case Study: Bridge Deck Innovations €

For C Section: 6

“FRP Case Study: Bridge Deck Innovations L

For C Section: 6

+ Background information:

» Most of Canadian bridges were built between 1950 and
1975

» Many of these bridges have received minimum
maintenance and are due for rehabilitation

> The costs for upgrades will be $25 - $30 billion

» Political realities and constrains result in the spending of
limited resources on new infrastructure using old design
methods

+ The economics of using GFRP reinforcement:

» The initial capital cost of GFRPs is often more than
conventional reinforcement

> Engineers must, however, think in terms of minimizing total
life cycle cost

» GFRP bars are competitive with steel rebars for reinforcing
bridge decks because...
1. Deck slab deterioration is minimized
2. Major rehabilitation can be deferred for many years
3. Ongoing maintenance is less

1SIS EC Module 7
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“FRP Case Study: Bridge Deck Innovations @

For Construction Section: 6

“FRP Case Study: Bridge Deck Innovations @

For Construction Section: 6

« Example 1: Two competing bridge deck options

» How can the method proposed herein be used to evaluate
two potential bridge deck designs:

1. A conventional steel-reinforced concrete bridge deck
2. Aninnovative deck based on GFRP reinforcement

Note: this case study selected involves a deck
replacement for a specific bridge in Winnipeg,
Manitoba, Canada

Example
* Background:

»Parameters selected reflect requirements of LCC analysis
and specific characteristics of the current example
+ Initial costs
+ Maintenance, repair and rehabilitation (MR&R) costs
+ Operations (user) costs
+ Decommissioning costs (including salvage and disposal)
+ Social and environmental externality and new technology costs

» Externality costs are assumed to be considered within
decommissioning estimates used in the analysis

ISIS EC Module 7
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“FRP Case Study: Bridge Deck Innovations €

For C Section: 6

“FRP Case Study: Bridge Deck Innovations L

For C Section: 6

Example
¢+ The LCC Model:
» Constructed according to input from experienced engineers

+ Categories necessary to the investigation:

Initial MR &R Decommission
costs costs costs
Agency User Note: user costs are
cost cost? | ignored at this point
Discount Service life
rate LCC

Example
+ Cost elements included (in this simple example):

1. Agency cost components
» initial costs
» maintenance, repair and rehabilitation
» Decommissioning

2. Discount rate

3. Service life

» User costs are separated at this point

» It was desired to determine if agency costs alone would
suggest the adoption of the innovative design using FRP

1SIS EC Module 7
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Composites Composites
FRP Cost Elements: Expanded £ FRP

For Construction

Section: 6

Cost Elements: Expanded

For Construction

Section: 6

Service life
(rs)

Unit rebar
cost (s/m?)

Deck Install rebar
(m?) cost ($/m?)

Unit concvere cost

Concrete repair
cost (5)

Concrete repair Resur

iace Resurface
cycle (yrs) Cost(s) cycle (y1s)

Design
cost (8)

[ Material cosl] [ Construction

©) cost (s)

Cumm\ //

Initial
costs (5)

MR&R costs

Discount
rate (%)

Agency cost
)
——
Lce ($)

costs )

User
cost? (§)

Decumm\ssmn

MR&R traffic
control ()

Note: user costs are
ignored at this point

> Initial costs
«  Design cost .
*  Material cost
«  Construction cost

«  Costs associated with
traffic control during
deck rehabilitation

» MR&R costs
+  Concrete repair

* Resurfacing
« Related traffic control

distant future

» Material cost
*  Unit rebar cost
+ Deckarea

+ Deckarea

» Decommission cost

left as a single estimate
occurring at some time in the

» Construction cost

* Rebar installation costs
+  Unit concrete cost

Example

ISIS EC Module 7
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CumEusiles j . Comeosites i L.
ERP Nominal Data Estimates FRP Calculations: Initial Costs 2
For Cr Section: 6 For C Section: 6
Steel OFRP Example Example
Disoount rate: 6.0% 6.0% + The present worth of the initial costs (PWIC) is
Service life (years): 50 75 . . .
PR, determined for each deck by summing up the various
- Design (®): 25,000 35,000 initial cost components from the nominal data estimates
- Traffic control ($): 150,000 150,000 . .
Deckarea (m): 6000 5000 * For the steel-reinforced deck option:
- Unit rebar cost ($/m?): 25 94
- Unit concrete cost ($/m?): 300 300
- Install rebar cost ($/m?): 25 20
Maintenance & Repair
- M&R traffic control ($): 75,000 75,000 . .
~Concrete repai (9): 5,000,000 2,500,000 + For the GFRP-reinforced deck option:
- Concrete cycle (yrs): 25 50
- Resurface ($): 150,000 150,000
- Resurface cycle (yrs): 25 25
Decommissioning Costs
- Decommissioning ($): 3,000,000 3,000,000
ISIS EC Module 7 1S1S EC Module 7
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ComEoslles B .. ComEosltes . .
FRP Calculations: Initial Costs € FRP Calculations: Initial Costs . @6
ection:

For Construction Section: 6

For Construction

Example
+ Present worth costs are subsequently converted into
their future annual worth of initial costs (AWIC)
+ The annual worth of initial costs for the steel reinforced
option is calculated from PWIC = $2,275,000
+ Discount rate, i = 6.0%
+ Service life, t =50 yrs

Example
» The annual worth of initial costs for the GFRP reinforced
option is calculated from PWIC = $2,669,000
« Discount rate, i = 6.0%
+ Service life, t=75yrs

ISIS EC Module 7

ISIS EC Module 7

+ Next, the maintenance and repair costs are calculated as the
sum of the concrete repair and resurfacing costs.
+ For the steel reinforced option, the present worth of the
future concrete repair costs (PW concrete repair)
+ Discount rate = 6.0%
+ Cycle =25 years

CumEusites i Comeosites i
_FRP_ Calculations: M&R Costs FRP Calculations: M&R Costs
For C Section: 6 For Ct Section: 6
Example Example

+ Converting these present value costs into future annual worth
costs (AW concrete repair) gives:
+ Discount rate = 6.0%
+ Cycle = 25 years

1SIS EC Module 7
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Composites

+ Cycle =50 years

+ For the GFRP reinforced option, the present worth of the
future concrete repair costs (PW concrete repair)
+ Discount rate = 6.0%

Composites B .
FRP Calculations: M&R Costs A FRP Calculations: M&R Costs _
For Construction Section: 6 For Construction Section: 6
Example Example

+ Converting these present value costs into future annual worth
costs (AW concrete repair) gives:
+ Discount rate = 6.0%
+ Cycle =50 years

the options

Finally, the present and annual worth of
decommissioning costs must be determined for each of

+ For the steel reinforced design with a service life of 50 yrs:

ISIS EC Module 7 ISIS EC Module 7
Composites i . . Composites i . .
FRP Calculations: Decommission Costs . @6 FRP Calculations: Decommission Costs . @ﬁ
For Ci ection: For C ection:
Example Example

+ For the GFRP reinforced design with a service life of 75 yrs:

1SIS EC Module 7
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ComEoslles . . .
FRP Calculations: Decommission Costs @

“FRP Case Study: Bridge Deck Innovations @

For Construction Section: 6 For Construction Section: 6
Example Example

+ Finally, the total annual worth of life cycle costs (AWLCC)
for each of the options is determined as the summation of the
individual annual worth components as follows:

]

* Results:

»The nominal data estimates were used in Microsoft Excel
to determine the preliminary deterministic life cycle costs of
the two options

> Based on the assumed nominal data, the GFRP deck
option proved to be the “better” option
+ Annual worth the steel-reinforced deck $251,270
+ Annual worth of GFRP-reinforced deck $177,468

The GFRP-reinforced deck option would give life cycle
cost savings of 35% over the steel-reinforced option
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FRP Case Study: Bridge Deck Innovations 5@6 FRP Simple Probabilistic Analysis o
For Ce ection: For C ection:
Example Example

» NOTE: These results ignore the inevitable
uncertainties surrounding life cycle performance

+ In more complex analyses, sensitivity analysis can
provide additional insight into the relative influences
of uncertainty in various parameters on model
results

+ 3 parameters that are considered relevant to both deck
options can be modelled as simple random variables:

1. Concrete repair cost
2. Concrete repair cycle
3. Service life

* Ranges and probabilities assumed reflect opinions of
experienced engineers (see following slide)
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For Construction Section: 6

Example Example
+ Typical simple probabilistic data: ¢+ On the basis of the assumed propablllty dlstrlbgtlons.
> Expected value of annual worth life cycle costs is

Parameter Steel GFRP * GFRP = $182,000

Low Nominal High Low Nominal High . _
Service life (years) 40 50 60 50 75 100 ¢ Steel-relnforced - $258’000
Concrete repair (§) | 4,000,000 | 5,000,000 | 6,000,000 | 2,000,000 | 2,500,000 | 3,000,000 »The GFRP option is still roughly 35% “better”
Concrete cycle (yrs) 20 25 30 40 50 60
Probability 0-30 0.40 0-30 0.30 0.40 0-30 + Probabilistic analysis also generates risk profiles for each

option based on assumed probability distributions
> See next slide
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EEE Case Study: Bridge Deck Innovations €3 “FRP.  Case Study: Bridge Deck Innovations . Qﬁ
E I
+ Risk profiles for bridge deck design options [ Exame| .
* Summary:

[y
o

GFRP option

o
©

“Stochastic

dominance” Steel option
—

Cumulative Probability
o o
= (2]

o
[N

180000 220000 260000 300000 340000
Annual Worth of Life Cycle Costs

» A simple, straightforward life cycle cost analysis process

Gather information from experienced engineer
Code the information in a systematic way

Logically explore the implications of the information
Review the implications

> w e
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For Construction Section: 6

+ The initial construction or acquisition cost of an engineered
structure or project can often represent only a small
proportion of the total cost of ownership or operation

+ In the case of large-scale infrastructure projects common to
civil engineering, operating, maintaining, inspecting, and
repairing the structure can sometimes comprise a significant
proportion of the cost over its lifetime

+ However, design and construction decisions are typically
made on the basis of the cost of “acquisition”

* True value for money can only be achieved when
the total cost of ownership over the entire life cycle
is known, including:

+ Agency costs
» User costs
+ Externalities

* This cost can be determined using LCC analysis as
an integrated part of the LCE&C process
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Desigr\wilh
£RE Additional Information @

Additional information on all of
the topics discussed in this
module is available from:

WWW.isiscanada.com
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