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AGENDA & LEARNING OBJECTIVES

How to get more out of the limited paving dollars available.

Developing a Robust LCCA
« Learn what are some of the drivers in Pavement LCCA’s
 Understand some of the components that impact Cost Estimates in a LCCA

 Understand (at least conceptually) how the current LCCA practices can be
improved

How Competition can Impact Pavement Costs

 Learn about the different types of competetion

« Learn how competetion can impact costs

 Learn the steps that can be used to drive competetion in the paving market
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LIFE CYCLE COST ANALYSIS IS PROJECT ANALYSIS TOOL
THAT QUANTIFIES THE TOTAL “COSTS OF OWNERSHIP”

Accounts for initial costs and discounted future rehabilitation costs

Good
c
°
=
c
@)
O
=
£
() .
8 | Poor Min. Acceptable Rating LCCA compares different options
for a given project and determines
m which pavement design is most
o A Initial Cost cost effective over the analysis
o -
E period
% Rehab. Cost
3
)
@
o
O

Years Salvage Value

1
(14 d)™

— Salvage Value x

+ Z User cost X

1
(14 d)™

. 1
+ z Maint cost X A+ d)m

1
NPV = Initial Cost + z Rehab cost X 1+ d)™

Where
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EXAMPLE OF PAVEMENT LIFE-CYCLE COSTS CALCULATIONS

NPV = Initial Cost + Z Rehab cost X A+ dm + Z Maint cost X A+ — Salvage Value X a +1d)"k
(I;I== lslr;%?u?; ?Qtfélysis period Present Value Factor (PVF)
ne= year of expenditure
Activity Year Cost PVF NPV

Initial Construction 0 $11.00 M 1.00 $11.00 M

Rehab Activity 1 8 S$5.00 M|1/(1+.02)8=0.85 $4.27 M

Rehab Activity 2 16 S5.00 M 0.73 S$3.64 M

Rehab Activity 3 24 $8.00 M 0.62 $497 M

Real Discount Rate = 2% Sum of Net Present Values = $23.88 M

Present Value, Net Present Value, Present Worth, Net Present Worth are all different
terms for the same thing — the value in the present (current time) of a sum of money
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TO GET CREDIBLE AND RELIABLE LCCA RESULTS

The Process, Engineering and Economics need to be correct

Q Process needs to well-structured and follows best practices

e Engineering must be fundamentally sound and pertain to that specific design for a
particular project

« Equivalent designs with similar performance

« Realistic rehabilitation strategies for each particular design based on performance

Q Economics and Cost Estimates need to be based on good economic principals that
accurately represent the Agency’s probable expenditures — as best as possible —for the
activities and expected rehabilitation strategy for that specific design

The LCCA must be based on the designs “Being Proposed” for the Project
with an understanding of how the Engineering and Economic Factors impact the results
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COSTS CATEGORIES IN A LIFE CYCLE COST ANALYSIS

Costs Categories

1. Initial Cost

2. Rehabilitation Costs
3. Maintenance Cost
4. Salvage Value

5. Users Costs

One needs to understand what Factors impact the Cost Estimates
and How they Drive the LCCA Results
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IN ANY PAVEMENT LCCA, INITIAL COSTS DRIVE THE RESULTS

Initial Cost as % of Total Life Cycle Costs

Initial costs account for [ Initial Cost
55-75% for Life Cycle Cost for Asphalt Bl Rehabilitation Costs
. +———— Total Life Cycle Costs NPV range
75-95% of Life Cycle Cost for Concrete

- Depends on designs, rehabilitation activities, $105.1
rehabilitation timing, discount rates, etc.

‘ $96.6

“Factors” that impact the initial cost
* Thickness & Design Features
« Competition
i e : ——
qu Quar.mtles Economies of SCE.i|e R sec0 < ~75 — 95% >
* Price Adjustment Clauses — Indexing —/ $77.9 B

» Material Quantity Specifications — Affects how
contractors bid

* Etc.

Asphalt Concrete

Agencies / Designers must purposely work to instill practices and policies
that impact Initial Costs while still maintaining low Life Cycle Costs

M CEMEX -7-




INITIAL COSTS CONSIST OF BOTH PAVEMENT & NON-PAVEMENT COSTS

And both are impacted by other factors

Pavement Cost as % of Construction Costs!?

Il Non-Pavement Incidental costs

Pavement costs — subgrade; base, subbase, and

surface materials; labor; equipment; drainage, etc. [C] Pavement Cost 195;59 2053;':9

Non-pavement costs — incidental costs that affect the
overall cost of the project

« Administration costs, Engineering, construction
inspection

« traffic control, mobilization, striping, erosion
control, vegetation, extra fill / cut, etc.

69%
: i : 56%
As LCCA is about determining how Agencies spend e
: - 34% 33% 34%
their money, t.he Concrete Pavmg Industry 24% || 25% 30%
recommends including all costs in the LCCA
County Div. Hiwys Div. Hiwys Municipal State
Roads Rural Urban Streets Roads

There can be large opportunity costs with Incidental Costs that must be taken into account

1. ACPA Awards database //CEMEX -8-



DESIGN FEATURES FOR CONCRETE PAVEMENTS HAVE A
SIGNIFICANT IMPACT ON PERFORMANCE & COST

Reduces curling & warping stresses (reduces thickness but does increase

Shorten Joint Spacing joint sawing and dowel costs)

Use 13-ft Widened Outside Lanes Shifts loading to “interior loading” (reduces thickness)

Use Dowels / Increase Dowel Size Increases load transfer, reduces bearing stress reduces faulting

Tied Concrete vs AC vs RCC; reduced /tapered thickness;

Cinemgs SetleEr Resign no dowels; different mix, etc. (improves edge support)

Optimized aggregate gradation Reduces cement content, creates denser mix, less shrinkage

Use different concrete mixes Mainline vs shoulder mixes, 2-layer construction

Granular vs asphalt treated vs cement treated, reduce thickness, dense

Change base type graded vs permeable; subgrade / chemical stabilization

Use single 1/8”-wide single saw cut and

: Removes second sawing operation and reduces noise
filled (not sealed)

Use Longitudinal tining or Next Generation

Concrete Surface (NGCS) Reduces noise

Each design feature selected must balance Performance & Cost (both initial & long term) I
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PAVEMENT OPTIMIZATION CAN RESULT IN SUBSTANTIAL SAVINGS

Kansas DOT Changes for non-interstates routes w/ 20-year design traffic < 9M ESALS

Looked at other items and recommended:

Change Savings

« Change from 9.5-in to 6-in Shoulders $7.87/SY

« Change CTB to granular subbase $1.75/SY

* Reduce dowels from 12to 8 $1.00/SY

* Use hot-pour in lieu of compression seals $0.50/SY

* Tool transverse shoulder joint w/ no seal $0.90/SY

« Change tie-bar design $0.20 — $0.40/SY

« Reduction in cement content for shoulders $0.45 — $1.00/SY
TOTAL $12.67 — $13.42/SY

6” lee Treat G 6” LTSG 6” lee Treated SG

Section Cost =$ 26.81 / SY Section Cost =% 15.79/ SY

41% Decrease in initial cost

KDOT Project on US-54/400 in SW Kansas,: Nov 2005 //CEMEX
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“ECONOMY OF SCALE” IMPACTS PRICE ESTIMATES

AC Price Uncertainty PCC Price Uncertainty
2981 M () 2981 —

= 1097 o 1097

2 o

> 403 5 403

= 148 = 148

g 55 @9 55

& 20 & 20

- 7 -

D >

i y=-0.17x + 5.7 3 y=-0.18x + 6.7
— & 1 =) Ne—/
1 148 22026 3269017 1 148 22026 3269017
Quantity In (ton) Quantity In (yd3)
AC Scenario Quantity Cost PCC Scenario Quantity Cost
(ton) ($/ton) (yd3) ($/yd?3)

Mill/ACOL - 0 .97 mi. 3,500 $ 74.64 Mill/PCC OL — 0.97 mi. 3,000 $192.26
Mill/ACOL - 6.2 mi. 24,000 $53.81 Mill/PCC OL — 6.2 mi. 17,000 $140.70
Reconstruct — 0.44 mi. 3,700 $73.94 Reconstruct — 0.44 mi. 3,000 $192.26
Reconstruct — 7.8 mi. 66,000 $ 45.31 Reconstruct — 7.8 mi. 52,000 $115.05

Slide Courtesy of MIT, MN Oman data 2012-2015 //CEMEX



CDOT ACCOUNTS FOR ECONOMIES OF SCALE

Portland Cement Concrete Pavement < 10,000 Square Yards
Normalized Dollar Amount per Square Yard

Update regularly so that the costs are representative of the current costs

Portland Cement Concrete Pavement > 10,000 Square Yards
Nomalized Dollar Amount per Square Yard
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REHABILITATION COST ARE LARGE PERIODIC COST THAT RAISE
THE PAVEMENT’S STRUCTURAL CONDITION

And are the 2"d most important Factor

Rehabilitation Cost as % of Total Life Cycle Costs
Rehabilitation Examples: [ Initial Cost

« Full depth patching, diamond grinding, asphalt Bl Rehabilitation Costs
overlay' concrete overlay etc. +——— Total Life Cycle Costs NPV range

‘ $96.6 I

$105.1

« Joint resealing, isolated areas of patching,
and partial depth patching are not considered
“major” rehabilitation

“Factors” that impact rehabilitation cost
* Rehabilitation Activities & Schedules

* Discount rate

] $77.9 $85.9
* Inflation :
* Incidental costs
* And all the same items that impact initial costs
Asphalt Concrete

Because concrete rehab’s NPV are typically low, extending life of the pavement has little impact on Life Cycle Costs

M CEMEX -13-



DECIDING “WHAT” & “WHEN” REHABILITATION ACTIVITIES ARE
DONE AFFECTS THE LCCA RESULTS SIGNIFICANTLY

Concrete Pavement Asphalt Pavements
* Time to first “Activity”’= ~20 to 50 years * Time to first “Activity”’= ~10 to 20 years
« Activity life = ~10 to 40 years « Activity life =~6 to 15 years

* Preservation Activities - Chip seals, slurry seals, seal
coats, etc.

Concrete Patching & Diamond Grinding

Asphalt Overlays

Activities » Asphalt Overlays = Thin, Thick, Rubberized, Polymer, etc.

Concrete Overlays « Concrete Overlays

Reconstruction )
« Reconstruction

3 ; » R ——— Pl B SN
Patch Cost ~ $3000/CY Diamond Grinding ~ $5/ SY Milling ~ $2 to $4 / SY 2” Asphalt Overlay ~ $90 / ton
(Typical usage =5/ lane mile) Cost / lane mile = $35,000 Cost /lane mile = $14,000 to $28,000 Cost / lane mile ~ $72,000

Cost / lane mile = $40,000

M CEMEX -14-


http://upload.wikimedia.org/wikipedia/en/b/b6/RX-700.jpg

REHABILITATION ACTIVITIES & TIMING USED IN A LCCA VARIES
GREATLY FROM AGENCY TO AGENCY ...

Concrete patch
5%of area, spall

Concrete patch 2% of
area, clean & seal all

Clean & seal repair 1% of area, Clean & seal joints with fiberized
Clean & seal Clean & seall 25% slab stabilization 25% asphalt membrane, 3
2504 2504 longitudinal & of 25% of joints, longitudinal & 1/2" or 4" asphalt
longitudinal & longitudinal & 10% diamond grind 10% overlay, saw & seal
5% transverse 504 transverse transverse 100% of area, transverse overlay joints, pave
joints, seal joints, seal joints, seal clean & seal all joints, seal shoulders, adjust guide :
S coat coat coat joints, seal coat coat rail & drainage Seal coat
= shoulders shoulders shoulders shoulders shoulders structures shoulders F
S - - - f ~ — — |
B 10 15 20 25 30 35 40 =
3 Concrete 5
c " " 0 " " o
cC 1% full depth patching, 1 1/2 or 2" cold 1% fu.II depth ) ) 1 1/2 or 2" cold :
& 1 1/2" or 2" asphalt milling, 3% full patching, 1 1/2" or 2 milling, 3% full :
overlay, saw & seal d/er')'th pa}chlnﬁ, Il Zsphallt. qv;erlay, saw d/el?.th pafchlng, I1
joints, pave shoulders, '12 or 2" asphalt seal joints, pave .12 or 2" asphalt :
adjust guide rail & inlay, saw & seal shoulders, adjust inlay, saw & seal 2
Seal coat drainage Structures joints, seal coat Seal coat guide rail & drainage joints, seal coat Seal coat
shoulders J shoulders shoulders  structures shoulders shoulders s
I L N N
Asphalt 5 10 15 20 25 30 35 40
/A CEMEX 15 -



... AND THIS VARIATION CAN CHANGE RESULTS SIGNIFICANTLY

Grinding, joint resealing,
& 0.5 to 1% slab replacement

| | | | I | |
5 10 15 20 25 27 30 35 40
Concrete — 30 yr design
2" Asphalt overlay 2" Asphalt overlay
8 Concrete — 20 yr design (3" in high volume urban areas) (3" in high volume urban areas)
3 | | | f | — | |
fe) 5 10 15 20 25 30 35 40
@)
O -
2-4" Mill & Asphalt overlay 2-4" Mill & Asphalt overlay
| | N | | . |
5 10 15 17 20 25 30 34 35 40

Asphalt —

Most Agencies apply the same standard scheme to all pavements

M CEMEX -16-



BASING REHABILITATION TIMING ON HISTORICAL PERFORMANCE
(ON PAVEMENT DESIGNS NO LONGER USED) WILL BIAS THE RESULTS

Average Time to First Major Rehabilitation of Concrete Pavement in Georgia !

33
29+
¢ 29 29 No Section
has reached
25 a major
21 rehabilitation
Year 20
Time to 1st
Rehab in
LCCA?Z2

54% of system

These pavements have not needed
0,
reviewed is made up of 24% of

22% of . e -
0 any major rehabilitation. Insufficient data to

t t .
these pavements par\éevrig\e/}vlz par\éevrig\e/}vlz perform an analysis.
(oldest sections are ~20 years)
Non-doweled JPCP (20+ ft jts) Non-doweled JPCP Doweled JPCP Doweled JPCP (15-ft jts & 13-
on soil / soil Cement (circa (20+ ft jts) on GAB (20-ft jts) on GAB ft WL) on AC Base over GAB
1960's) (circa early 1970's) (circalate 1970 - 80's) (circa 1990+)

Historical performance must be based on data from “like roadways” to avoid biasing the results

1. Georgia Concrete Pavement Performance and Longevity, Final Report, GDOT Research Project No. 10-10, Task Order No. 02-74
Dr. James (Yichang) Tsai, P.E., Yiching Wu, Chieh (Ross) Wang, Georgia Institute of Technology, February 2012
2. Time to 15t Rehabilitation in GDOT LCCA procedure = 20 years, time to 2" Rehabilitation = 40 years -17 -



PAVEMENT ME IS THE MOST ADVANCED DESIGN PROCEDURE

Covers a wide range of applications, including nearly all new & rehabilitation options
Can account of new and diverse materials and various failure mechanisms

State-of-the practice design procedure based on
advanced models & actual field data

 Calibrated to more than 2,400 asphalt & concrete
pavement test sections across the U.S. and Canada,
ranging in ages up to ~37 years

Uses mechanistic-empirical principles that account for
site specific:

e Traffic
* Climate
* Materials

* Proposed structure (layer thicknesses & features)

n AASHTOMWare Pavernsnt ME Degign 1.3

DatabaseEntesprise Login

Login
FPasswornd

Instance

Opan ME Design with database conneclion

AASHTOWare

ME Design

About ME Design

AASHTONVae® Mechanistc-Empirical Pavernent Design
Copyrght: AASHTOWers® 2011

Lesense sbaiua:  Standand (Expre &1 June 29, 2004
Wersion 1.3 Build 1.3.28 Dabte: 271272013
Rzl ME Design to default screen position

OK Cancel

Provides estimates of cracking, faulting, IRI, and other
distresses during the analysis period

Performance modeling allows designers to create specific
pavement designs to meet performance objectives
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Slab Cracked (95)

PAVEMENT-ME DEFINES A SPECIFIC PAVEMENT’S PERFORMANCE

Predicting performance for key distresses improves designs and allows for trade-off analysis of
features with Life Cycle Cost Estimates

Cracking PCC

25 -

13

Red Line — Predefined Distress Threshold
Value. When major rehabilitation is needed
(i.e. patching & DG or overlay).

Black Dashed Line — The 50% Reliability
o+ (most likely) level of distresses predicted

Blue Dotted Line — Predicted distresses at the
Specified Reliability Level (i.e. 90%). Designs
are based on when this line hits the defined
distress limit

Pavement Age (years)

. Design life is when the Blue Reliability
: curve hits red Predefined Threshold
Value (~37 years in this case)

-19 -
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Slab Cracked (95)

PAVEMENT-ME DEFINES A SPECIFIC PAVEMENT’S PERFORMANCE

Predicting performance for key distresses improves designs and allows for trade-off analysis of
features with Life Cycle Cost Estimates

Cracking PCC

- 23,91
Design Life o]
20 4 (Rehab Required) _l_-."'
15 1
15 e {7,724
F‘
a-". -
1 4 FI‘.I-' 'F.'-_‘_,.l-'-
pu't - ‘ﬂ
l-.... [
£ BTl .@.-"* Amount to
Ot T repair
--I-""“‘ i
: _-.—.—.—.—.-.-.*.-..d- ¥ T |
0 1) 20 3 40 5

Pavement Age (years)

/M CEMEX

Red Line — Predefined Distress Threshold
Value. When major rehabilitation is needed
(i.e. patching & DG or overlay).

Black Dashed Line — The 50% Reliability
(most likely) level of distresses predicted

Blue Dotted Line — Predicted distresses at the
Specified Reliability Level (i.e. 90%). Designs
are based on when this line hits the defined
distress limit

Design life is when the Blue Reliability
curve hits red Predefined Threshold
Value (~37 years in this case)

-20 -



MANY PAVEMENT DESIGNS WILL MEET THE DESIGN CRITERIA

Pavement ME allows for comparisons of different designs so different features can be evaluated

240 IRl
—8.5" JPCP /3" AC /12" Agg - 15 JS
P o ---8.5" JPCP /3" AC /12" Agg - 15 JS - 90% Reliabili
Original Concrete Optimized 210 - A es | e Ags 13 8% i
i - - 8" JPCP /6" Agg - 12 JS - 90% Reliability
Design Concrete Design 180 | B
8.0” JPCP 150 - -
8.5” JPCP il o e
Joints = 15-ft. I ' T 120 - Rehab Target eI
w/ 1 25” Dowels WI 1-25 Dowels E -m‘-ﬂ--n‘-m—‘-""—'- =
: 13-ft. WL = 90 - -
. 3.0”ACBase = - 60 -
(SuperPave 19.0) 6” Agg Base 20 Standard Optimized
i ~ 24 Yr to 15t Rehab ~ 24 Yr to 1st Rehab
y 0 T T T T T T T T T T T T
12” Agg Base 0 4 8 12 16 20 24 28 32 36 40 44 48 52
Pavement age, years
50 Predicted Cracking
—8.5" JPCP /3" AC /12" Agg - 15 JS
Subgrade A-7-5 45 ---8.5" JPCP /3" AC /12" Agg - 15 JS - 90% Reliability
—8" JPCP /6" Agg - 12 JS
40 - - -8" JPCP /6" Agg - 12 JS - 90% Reliability
Su bgrade A-7-5 —Distress Limit

35 A

30 -
25 -

Percent Slabs Cracked, %

20 -
15 +
Pavement ME gives a repeatable, un-biased process that 10
shows how a specific pavement design will perform 54 -
0

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Pavementage, years
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REHABILITATION NON-PAVEMENT COSTS NEED TO BE INCLUDED

Due to the “time value of money,” these are different

LCCA compares ALL costs incurred based on the Rehab Expenditures & NPV of Incidental Activities
pavement selected Incidental costs (today $k) =  $1,000
» Agencies need to account for the costs that occur DiSCOUHt Rate 2.0%
with each give alternate Pavement 1 Pavement 2

Incidental NPV Incidental NPV

Exp (DR = 2%) Exp (DR = 2%)

Non.-pave.ment costs — Adrr_unlstrayon cost.s, 10 81,000 $820
Engineering, construction inspection, traffic control, 15

mobilization, striping, erosion control, vegetation, etc. 20 $1,000 $673
25 $1,000 $610

Rehabilitation costs 30 $1,000 $552
_ _ 35 $1,000 $500

» Occur at different times 40 $1,000 $453
. . " : 45 $1,000 $410

Occur in different quantities / number of times e $1.000 4372
Total $5,000 $2,870 $3,000 $1,520

Due to the time value of money, their Net Present Values
are different

Not including non pavement costs biases the LCCA by $2M (NPV = $1.35 M)
(these are additional costs the agency will have to spend in the rehabilitation)

M CEMEX -22-



DISCOUNT RATES ACCOUNT FOR THE “TIME VALUE OF MONEY”

Current Practice is to use Real Discount Rates

Description Cash Flow Diagram of $1000 (today’s $)
Expenditure every 10 years

Real Discount Rate = 2%

» Reflects the time value of money with no inflation $1,000.0 $3,498
« Used with non-inflated cost estimates $820.3
Real (i.e. use “today’s dollars” in the LCCA) $673.0 $552.1
. $452.9
Discount « Real DR = Interest Rate — Inflation Rate 1
Rates
» NPV = Z Discounted Cash Flows : : : : : : :

- NPV,, =1000/(1+.02)1°= $820.3 YroO 5 10 15 20 25 30 35 40 NPV

Nominal Inflation Rate = 2%

- Reflects the amounts of actual payables Nominal Discount (Interest) Rate = 4%

* Includes an inflation component and used with $2,208.0 $3,520
Nominal inflated future cost estimates $1,811.4
i $1,485.9
Discount $1,219.0
(Interest) « Costs are inflated at the Inflation rate and discounted $1,000.0 7™
Rates to NPV using Nominal Interest Rate
 Cost,, =1000*(1+.02)1°= $1219.0

« NPV, =1219.0/(1+.04)10 = $825.3
Yr0O 5 10 15 20 25 30 35 40 NPV

Real Discount Rates assumes the difference between Interest and inflation is relatively constant
Allows agencies to use “today’s cost estimates” in the LCCA

1.The actual equation for real DR is DR=(Interest— Inflation)/(1+Inflation). This simplification introduces small error. If the actual equation were used, the results would be equal.



FHWA GUIDANCE IS TO USE REAL DISCOUNT RATES

N
N~

FROM OMB CIRCULAR A-94

OMB 30-Yr Real Interest Rates on Treasury Notes and Bonds

1
< > In 1998, FHWA recommended a “good practice” rate of 4%
(current FHWA recommendation is to use the current OMB rate)

< .
5 10-yr Rolling Average 5-Yr Avg = 1.0%
10-Yr Avg = 1.1%
N 20-Yr Avg = 1.8%
< 30-Yr Avg = 2.4%
o 40-Yr Avg = 3.1%
N
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Best practice is to update and use OMB Discount Rates each year
Ensure the analysis is line with current economic conditions




REAL DISCOUNT RATES ASSUME THAT INFLATION IS THE SAME

2,200
2,000
1,800
1,600
1,400
1,200
1,000

800

600

400

Price Index (Base Year = 1971)

200

Real DR = Interest Rate — Inflation Rate
It is intended to show “constant dollars” and “constant purchasing power”

BLS Inflation Indexes since Jan 1971

———CPI (CAGR=3.9%)

PPI-Commodities (CAGR=3.7%) Asphalt Inflation Rates are
——Aggregate (CAGR=4.6%) significantly higher than Concrete
====Ready Mix Concrete (CAGR=4.3%)
eCement (CAGR=4.4%)

—Paving Asphalt (CAGR=5.8%)

(Data thru December 2023)
-

’/"“"z—, ——
B e A e e
’_’_..I

[ T T T T T T T T T T T T T T T T T T T T T T T T T T
[ TSNS SIS Sss s ..
o) Q Q ¥ Q o) ¥ Q o) Q Q o) Q Q o) Q Q ¥ Q Q o Q ) Q Q o) Q
S S S S S S S S S S S S S S S S S S S S S S S S S S S
~ ~ ~ ~ ~ [e¢] [e) (o] (e0) (00] © (e} (o) (o} (o} o o o o o = = = = = N N
= w (6] ~ (] = w (6] ~ (o] = w (6] ~ © = w (6 ~ © = w (&) ~ © = w

Paving Asphalt

Annual Growth =7.1%
Volatility = 18.6%

Aggregate
Annual Growth =4.7%
Volatility = 3.3%

Cement & RM Concrete
Annual Growth = 4.4%
Volatility = 4.6%

CPI &
Annual Growth = 4.0%
Volatility = 4.6%

“Real price change” is the difference between a specific product’s inflation rate & the general rate of inflation

Not accounting for “real price change” when estimating Costs biases the results

1. Real Price change is also known as aka changes in relative prices, differential Inflation rates, material specific inflation, & constant dollar changes.
2. U.S. Department of Labor, Bureau of Labor Statistics, http://www.bls.gov/ppi/home.htm
3. CAGR =Compound Annual Growth Rate
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ACCOUNTING FOR REAL PRICE CHANGER ENSURES
“CONSTANT PURCHASING POWER?”

Widgets Purchased

100 100
. . . Purchased $1.218X needed
If  buy a 100 widgets with $X dollars today, I still need with $X {0 purchase the
to be able to buy that same 100 widgets in the future. same 100 widgets
Widgets when accounting
If widgets inflate at a higher (or lower rate) then the Purchased with E’rrig;ecﬁ:grf;eea'
; : : $X and not
general rate of mflatlon,_the same dollars ($X) will not accounting for
buy the same amount widgets. 2% Real Price y
Change (1+.02)19=1.218
« To get the same 100 widgets in the future, | need
spend more (or less) dollars ($X % z%)
The amount or value of “real prices” can go up or down
depending on whether the widgets inflate faster of
slower than the general rate of inflation.
Widgets Puchased Widgets Puchased
Today in 10 years

Its not about the Dollars being the Same - It’s about what is Purchased with those Dollars being the Same

M CEMEX -27-



THE ECONOMIC PROCEDURE USED TO ACCOUNT FOR
REAL PRICE CHANGES IS A CALLED ESCALATION or INDEXING

Escalation / Indexing takes into account inflation by increasing (decreasing) future year costs

Index Values are used to escalate costs in any given future year

Yr X Index

CostinYrX= Base Year Index X Base Year Costs

Steps:
1. Estimate current costs and year of rehabilitation

2. Select index values for year of rehabilitation and calculate future
costs using above formula
» Key aspect is determining the correct index values to determine
future price projections for concrete & asphalt.

3. Calculate adjusted LCC values for different confidence levels
(optional)
» eg. 5th/95th percentile estimates.

GAO Cost Estimating and Assessment Guide: Best Practices for Developing and Managing Program Costs, March 2009
Chapter 9 — see pages 80 — 81, Chapter 10 — see pages 102 — 104 and Case Study 33: Inflation and Chapter 11 — see page 115

United States Government Accountability Office

Applied Research and Methods

AND ASSESSMENT GUIDE

Best Practices for Developing and Managing
Capital Program Costs

March 2009
GAO-09-3SP
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MIT HAS DEVELOPED REAL PRICE PROJECTIONS MODELS FOR USE
IN PAVEMENT LIFE CYCLE COST ANALYSIS

Concrete (Constituent model)
Concrete

Year 5th
0 100
1 88
2 86.5

10 86.7
11 86.5
12 86.9
13 86.9
14 86.2
15 86.2
16 87

17 85.9
18 86.3
19 87.7
20 87.9
21 86.3
48 86.3
49 86.9
50 86.8

Mean
100
101.3
102.2

106.2
106.4
107.1
106.9
106.9
106.9
107.3
107.3
107.3
107.8
108
107.7

107.7
107.7
107.5

95th
100

114.6

118.1

126.5
126
127.3
126.7
127.1
127.3
127.7
129
128.5
129.2
128.3
128.8

129.4
128.8
129.1

Mean Index Values are used to forecast the “most likely” costs
in any given future year

Yr X Index

CostinYrX= Base Year Index X Base Year Costs

To bracket the range of potential values, use 5™ and 95" Index
values

Example

« $1 M concrete expenditure at year 20 (mean value)
Forecasted cost = 108/100 x $1,000,000 = 1,080,000.

« $1 M Concrete expenditure at year 20 (5" and 95 values)
Forecasted cost = 84.1/100 x $1,000,000 = $879,000
Forecasted cost = 128.3/100 x $1,000,000 = $1,283,000.

Material-Specific Price Projections: Implementation, Research Brief, MIT Concrete Sustainability Hub, September 2014 -29 -



MIT HAS DEVELOPED REAL PRICE PROJECTIONS MODELS FOR USE
IN PAVEMENT LIFE CYCLE COST ANALYSIS

Asphalt (Constituent Based)

Year

0
1
2

10
11
12
13
14
15
16
17
18
19
20
21

48
49
50

5th

100
85

80.7

76.4
78
77.3
78.4
78.9
79.3
80.2
81.3
81.9
83.3
84.1
86.8

125.4
126
125.3

Asphalt

Mean
100
100
99.5

102.8
103.6
105
106
107.3
108.6
110.2
111.3
113.1
114.6
116.8
119

144.5
144.4
144.3

95th
100

116.7

119.8

133.5
136
137.5
140.3
140.1
144.4
145.5
147.3
149
151.1
152.2
154.9

164.4
163.6
163.6

Mean Index Values are used to forecast the “most likely” costs
in any given future year

Yr X Index

CostinYrX= Base Year Index X Base Year Costs

To bracket the range of potential values, use 5" and 95" Index
values

Example

« $1 M asphalt expenditure at year 20 (mean value)
Forecasted cost = 116.8/100 x $1,000,000 = 1,168,000.

« $1 M asphalt expenditure at year 20 (5" and 95" values)
Forecasted cost = 84.1/100 x $1,000,000 = $841,000
Forecasted cost = 152.2/100 x $1,000,000 = $1,522,000.

Material-Specific Price Projections: Implementation, Research Brief, MIT Concrete Sustainability Hub, September 2014 -30 -



MIT FORECASTS HAVE SHOWN USING ESCALATION IS MORE
ACCURATE THAN CURRENT PRACTICE

Average error of price forecasts made between 1976-1990 for Colorado using current-practice (labeled “No
Change”) and CSHub method (labeled “National — Scaled”).

Asphalt Concrete
60% 60%
— With “No Change” — With “No Change”
With “Escalation” With “Escalation” /__/
40% 40%

Average Error

20% 20% /_/\/J

O% T T T O% T T T
0 5 10 15 20 0 ) 10 15 20

Years into Future Years into Future

Slide: Courtesy of MIT Concrete Sustainability Hub, CSHub Forecast based on Mean Value //CEMEX
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MAINTENANCE COSTS ARE THE YEARLY COSTS ASSOCIATED
WITH THE UPKEEP OF THE PAVEMENT

Maintenance Cost as % of Total Life Cycle Costs

In 2011, FHWA committed $13.4 billion (42.2%) to N
maintain or preserve existing roads and bridges Bl initial Cost
I Rehabilitation Costs

« State / Local governments spent another $40.2 Il Maintenance Costs
billion (35.5%) on preservation for roads & bridges? $110.1

$98.3

Information is difficult to obtain for given project

v
f y _v
« Estimate Range T
- AC Maint =1to 5 x PCC Maint

Typically have minimal effect on the results

« Initial construction costs ~ $1,000,000 / mi $77.9 a2t
» Rehabilitation costs ~ $150,000 — $300,000 / mi
* Yearly maintenance costs ~ $1000 to $5000 / mi
Asphalt Concrete

Standard practice is to exclude maintenance costs as they are small compared to initial and rehabilitation costs

1. ARTBA, http://www.artba.org/about/transportation-faqs/ (Accessed April 2015). Maintenance includes road reconstruction, resurfacing, bridge replacements and bridge repairs -32-



SALVAGE VALUE IS THE VALUE AT THE END OF THE ANALYSIS PERIOD

Demolition & Disposal or Continued Use of the Facility

Remaining Service Life (RSL) - remaining life at the
end of the analysis period

« Accounts for differences in remaining pavement
life between alternative pavement design
strategies at the end of the analysis period

RSL= (Remain Life / Last Rehab Life) x Last Rehab Cost

» Typically more significant than residual value

Residual (Salvage) Value — net value from sale or re-
use of removed/ recycled pavement materials

« Assumes material is removed

» Differential residual value between pavement
designs generally not very large

Pavement Condition

Concrete End of AnaIyS|sEPer|od

Asphalt

Min. Acceptable Rating
Remaining
Life

Residual or salvage value must be defined the same way for all alternatives.

When discounted over 35+ years, Salvage Value usually has little effect

M CEMEX
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USER’S COSTS ARE SOMETIMES INCLUDED IN THE LCCA
41% of SHA’s that do LCCA say they use Users Costs?

Cost carried by the Driving Public A Not Uncommon User Costs Example

Often considered Optional

6 Lane Facility (3 Lane per dir.)
Work Zone 1 Lane Open

30 Year Analysis Period

Initial AADT = 110,000 vpd

2 Rehabs including maint. Plan

* Pro: User fees are collected pay for public
transportation

« Con: Not in the agency’s budget & can not
recoup costs

Types of Users Costs User Cost = $12 Billion
« Delay-of-use (Typically only work zone delay
costs are included) Yikes!! ‘

« Roadway Deterioration

e Accidents — not included

When User’s costs are this high,
My experience — either not important or so high they need to re-look at the options being evaluated

Drive the Results

If Users Costs are included, we recommend to NOT combine agency and users costs
(Keep separate - Each tells a different story)

1. National LCCA Survey Conducted by South Carolina DOT, 2007 I/CEMEX -34 -



QUIZ #1

What is the Most Important factor that drives a LCCA?
« What are some ways to control this factor?

What is the 2"d most important factor?
 What is things influence this factor?

What is the process used to account for Real Price change in our cost estimates?

/M CEMEX

-35 -



HOW COMPETITION CAN BE USED TO LOWER INITIAL PAVEMENT COSTS

Agenda

 The Theory of Competition

« How Paving Competition can Lower Costs

 How to Encourage Competition

 Examples of Competition Impact

/M CEMEX
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ECONOMIC THEORY: COMPETITION BETWEEN SUBSTITUTES REDUCES COSTS

Substitute: A product or service that satisfies the need that another product or service also fulfills

Bottles & Aluminum Cans are Substitutes that
both can deliver Coca-Cola

J/CEMEX e



ECONOMIC THEORY: COMPETITION BETWEEN SUBSTITUTES REDUCES COSTS

Substitute: A product or service that satisfies the need that another product or service also fulfills

Pavements Provide
Mobility

: @

.
[n}
F
EEEP i B
| . 5

—

Concrete & Asphalt Pavements are Substitutes that
Can (and Should) have the Opportunity to Compete

M CEMEX -38-



THERE ARE TWO FORMS OF COMPETITION
Inter-industry Competition Brings Another Level of Competition to the Supply Chain

First Level 2nd Level

Intra-Industry Paving Asphalt Coniractors Asphalt Material

Competition Between firms that
pave with the same material

(Contractor) Competition Project » Contractor 1 4= Suppliers
» Contractor 2
» Confractor 3
» Confractor 4

e efc

Paving Asphalt Contractors Asphalt Material

» Confractor 4
— : . et
Competition between firms that ere

pave with different material

Project » Contractor ; « Suppliers
Inter-Industry . Contractor 3
(Industry) Competition

Concrete Contractors Concrete/Cement
substitutes « Contractor 1 / Material Suppliers
» Confractor 2
» Confractor 3
. efc

Contractor competition does not assure competition takes place at all levels of the supply chain

M/ CEMEX 39 -39-



OFTEN THERE IS A LIMITED INTRA-INDUSTRY (CONTRACTOR) COMPETITION
Number of 1 and 2 Bid Contracts Over $1 Million (2020-2022)

State Projects (Combined) w/ Only 1 or 2 Bids Over $1,000,000

e00 80%
B No. of Projectsw/ 1 or 2 Bids

—=—% of Projects w/ 1 or 2 Bids 70%
500

E0%

400

\ /\ ) 50%
300 Average Value= 35°/q‘ /\ /\ f, \ / \ \ /\ 40%
200 / \/ \R/ \/ AN \ ,’r 30%
“\ ol il

’ =4 8 = = = 5 =

| 10%5
[ [
[=] -
- =

3

Number of Porjects w/ 1 or 2 Bids
Pecentage of Projects w/ 1 or 2 Bids

1

D%

Sl:—

SD

TH

T I

N]
NI ——
NY

UT —
WY ——
WY —

MA
MD
WA
YT =
VA —

- -
z g2=e==2

AR
DE »
KS
Pa

Rl

=
(=]

“  OR .

NY=32 Project
30Asp & 2 Conc

Source: Oman Systems, Inc Bid Tabulation. Alaska, Hawaii,

& New Jersey are not included //CEMEX - 40 -



THERE IS LIMITED INTER-INDUSTRY COMPETITION IN MOST STATES

Competition between Asphalt & Concrete

Average Percent Spending on AC (2005-2018)

Most State DO'Ts
spend most of their
paving expenditures

on Asphalt

AC spending ratio

-
55% 100% * AK, HI, and NJ

do not input pay item details.

MIT 2020, https://cshub.mit.edu/sites/default/files/images/0315%20New%20Competition%20Summary.pdf

AV W i IVEEmSA
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SUSTAINED OPPORTUNITIES TO COMPETE
BETWEEN PAVING INDUSTRIES BRINGS VALUE

Asphalt ($/ton) Concrete ($/CY)
Unit Price versus Share of Pavement Spending on Asphalt Unit Price versus Share of Pavement Spending on Asphalt
$120 "Tea $900
s F'-\\\GA\
$100 $750 wv o
v, W LA X o el . Average unit price = $367.08
| AR e N (with 100-90% asphalt share)
s80 AL Myooff PRI R e e s600 AL MS
MT NM ks KsD o0 A MD".
= 9 OR M Wi RMT NQ\\\
%60 UThn N $450 VAT Average unit price = $168.02
ND | /LA SC EL \\\ )
L R I R DE ----------=""""2/"° ~~. (with >70% asphalt share)
$40 - WY $300 ME& NEN L7
Average unit price = $66.82 . Wy OR RE T
(with >70% asphalt share) ME\\\[\IYI“&I\%A’%VA AR C'A'; v ND R
s2. Average unit price = $77.80 $150 Thz <o X = NE wi 1A
(with 100-90% asphaltshare) T OKL_MN
g L 1 1 | | | g-—g——g——T—— Increasing Industry Competition -—————————— e il el A
100% 95% 90% 85% 80% 75% 70% 65% 60% 55% 50% 45% 40% 35% 100% 950 90% 85% 80% 75% 70% 65% 60% 55% 50% 450% 40% 35%
Share of Pavement Spending on Asphalt Share of Pavement Spending on Asphalt
While insightful, it does not consider other explanatory items or provide an indication
to how much increased opportunities to compete could lower paving material unit costs
Sources:

1. Mack, J., Wathne, L., & Mu, F. (2016). Improving Network Investment Results by Implementing Competition and Asset Management in the Pavement Type Selection Process.
Proceedings of the 11th International Conference on Concrete Pavements, Aug 28-Sept 1, 2016. San Antonio, TX.
2. Oman Systems, Inc Bid Tabulation Data. Retrieved from http://www.omansystems.com -42 -



MIT CONCRETE SUSTAINABILITY HUB (CSHub)

Multi-year Project to Develop More Sustainable and Durable Pavements and Buildings

Concrete Engineering Economics Environment

Sclence Improving the design | Assessing financial risk Assessing the

Mechanical & chemical process for pavements @ of pavement & building environmental impact
models across length & buildings Investments of pavements &
scales buildings

Research approach holistic and multidisciplinary

The Goal of the research to lead to improved decision making
(1) providing scientific basis for informed decisions; (2) demonstrating the benefits of a life-cycle view;
and (3) transferring research into practice.

M CEMEX -43-



QUESTION: DOES MORE OPPORTUNITIES FOR INDUSTRIES TO COMPETE

CREATE SAVINGS IN PAVING?

 Represented ~ 30,000 jobs.
» Filtered to include only asphalt or concrete material pay items

« Excluded activities that were not asphalt or concrete paving items (e.g., curbs,
drainage, etc.)

« 73% of the asphalt pay items (94% of the asphalt pavement spending)
 57% of the concrete pay items (88% of the concrete pavement spending)

« Developed statistical models to determine what factors had significant influence on paving
costs:

« Quantity / Project Size
 Annual spending
« Number of bidders
« Share/number of AC and PCC bids
* Price Adju ses
Share of spending on AC vs. PCO Proxy for inter-industry competition

Slide Courtesy of MIT,
Source: Oman Systems, Inc Bid Tabulation Data. Retrieved from http://www.omansystems.com I/CEMEX
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INTER-INDUSTRY COMPETITION IMPACT IS LARGE

1st and 2"d Most Important Factor on Unit Costs for Concrete and Asphalt Paving

Significant factors
The wider the bar, the greater the impact

Impact on Asphalt Prices

($/ton)

$60 $65 $70 $75

Impact on Concrete Prices
($/CY)

$120 $140 $160 $180 $200 $220

|

Project size: Rank Rank
volume of paving material used in job . .._' —-— :
State market size: q _I. . 5
annual spending on paving
No. of bidders on a job: 5 _Il l 4
Intra-Industry Competition (Same industry)

Dominant market share:
Inter-industry competition

—

Price adjustment clauses:
Asphalt PAC used in a state to allow contractors
to adjust prices after the initial bid

Competition between material industries has a larger impact
than competition between multiple contractors

Slide Courtesy of MIT,
B indicates highest impact factor in paving costs
2 Indicates 29 highest impact factor on paving costs

https://cshub.mit.edu/sites/default/files/images/0315%20New%20Competition%20Summary.pdf
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INTER-INDUSTRY COMPETITION LOWERS UNIT COSTS
Allows Highway Agencies to do More with their Budgets

For an average state spending the lowest level of competition on concrete,
Increasing to this level of concrete spending...

. 5% 10% 15% 20% 25%

= 0%  —

- ¢ = W H B

>3 /

c -100

= 5 10% -8.1%

T 2 Asphalt

N = 200

D> 20% Concrete

g L

vo

O 0 -30%

8 8 -29.4%
-40%

States with high industry competition pay ~ 8% and 29% less for asphalt and concrete

pavements respectively vs. states with the low competition
(increasing competition between contractors only lowers cost ~ 5%)

Slide Courtesy of MIT,
https://cshub.mit.edu/sites/default/files/documents/CSHub%20Pavement%20Competition%20Topic%20Summary_Dec2017_FINAL.pdf
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AGENCIES WITH A HEALTHY TWO-PAVEMENT SYSTEM CAN

GET MORE “BANG FOR THE BUCK”
Example: NYSDOT Pavement Budget = $205M (2022)

Tons of Paving Material (1,000s)

0 500 1,000 1,500 2,000 2,500
<
CUI:‘LI;;I’\'[ Asphalt Spend = $202.95M; Unit Costs (UC) = $108.00/ton 1,898
(4]
Concrete Spend = $2.05.7M; UC = $225/CY

3

o

c

o

O

S

-

S

wn Concrete Spend = $51.25M; UC = $161.18/CY

o

S 250% Asphalt Spend = $153.75M; Unit Costs (UC) = $99.54/ton 2,189

mAsphalt Tons Concrete Tons —  Additional material

By marginally decreasing the purchases of asphalt tons, NYSDOT has the opportunity
to purchase 291,0000 more tons of paving materials (~81 lane miles of 10-inch Pavement)

Prices based on 2022 January 2022 to December 2022 — WAIPR (https://www.dot.ny.gov/divisions/engineering/design/dgab/waipr)
Asphalt ltems 402, 404, 405, 406 and 407. Concrete = 502 (1 item, Cost = $280/CM = $213/CY) Assumed unit weight of concrete = 150 lbs/ft® -47 -



https://www.dot.ny.gov/divisions/engineering/design/dqab/waipr

TRANSPORTATION AGENCIES CAN CREATE OPPORTUNITIES
FOR INDUSTRIES TO COMPETE

They often try these methods to impact Pavement Competition

* An economic analysis tool that quantifies the differential costs of alternative investment
options for a given project

Life-Cycle
Cost Analysis
(LCCA)

« LCCA determines which pavement design is most cost effective over the analysis
period

« Alternate Pavement Bidding is a Procurement process to in which both concrete and
Alternate asphalt pavements are options

Pavement » Alternate pavement designs (asphalt and concrete) are developed for a project
Bidding (APB) * The contractor then chooses which material to submit for his bid

* Low bid — after life cycle adjustment — wins the project

LCCA and APB by Themselves Do Not Create a Competitive Environment

M CEMEX -48-



TRANSPORTATION AGENCIES CAN CREATE OPPORTUNITIES
FOR INDUSTRIES TO COMPETE

They often try these methods to impact Pavement Competition

Issues
1. Non Dominant (Concrete) industry does
not invest in equipment, training, etc. oIS
because uncertainty of future jobs

ent

2. Agencies don’t know what are realistic |
costs for concrete pavement

3. Dominant (Asphalt) industry Is not
threatened

LCCA and APB by Themselves Do Not Create a Competitive Environment

M CEMEX -49 -



EXAMPLE: NOT KNOWING BID PRICES

Kentucky Concrete Overlay Bid Results for Pennyrile Parkway: A 13.3 mile project using a 9-inch
concrete overlay of an existing 4-lane concrete pavement

o TYPICAL SECTIONS T P
Bid in December (December 8, 2017) PENNYRILE PARKWAY
KY Engineer’s est|mate - $52 M NORTHBOUND & SOUTHBOUND MP 16.566 TO MP 29.900 %
Winning bid = $43.2M (16.9% below estimate) | SRR e {2

« Unit bid price = $34/SY.

 Bid price range = $34.00 - $38.10/SY.
(4 contractors)

SURFACING SCHEDULE
MAINLINE THAFF."C LANES

L? 0. 3B0 PGBA-22 vavarenanss AVG. DEPTH
E E T sosnnnnan 3 0EFTH
4& CRO! E CORAECTION TO 2% TN NORMAL SECTIO)

If KY had used the $52M estimate in the LCCA —a;s”é':’?."éﬁl?'"fﬁfff?'ﬂ"fffff---.-.-.-.-
to determine pavement type, they would not g 5 5T 00 2 e P % S
have bid concrete or created “competition.” {

Agencies need to bid concrete on a consistent basis in order to know what true costs are

M CEMEX -50 -



INTER-INDUSTRY COMPETITION LOWERS UNIT COSTS
Allows Highway Agencies to do More with their Budgets

For an average state spending the lowest level of competition on concrete,
Increasing to this level of concrete spending...

. 5% 10% 15% 20% 25%
=R 0% —

2 = wm) EH B

o 2 /

c -100

=5 -10% -8.1%

S o Asphalt

Why don’t Asphalt Prices Drop as Much?

oW -30%

(b} -

23 29.4%
_40%

States with high industry competition pay ~ 8% and 29% less for asphalt and concrete

pavements respectively vs. states with the low competition
(increasing competition between contractors only lowers cost ~ 5%)

Slide Courtesy of MIT,

https://cshub.mit.edu/sites/default/files/documents/CSHub%20Pavement%20Competition%20Topic%20Summary_Dec2017_FINAL.pdf -51-



A GIVEN “LEVEL OF THREAT” IS NEEDED TO INDUCE PRICE CHANGES
Competition Theory Threshold & Price Impact

Competitive Strategy in Emerging Industries

(Non-Dominant)
Emerging Industry

-~
-~

-
-
P
-~
-~
-
~

Unit Costs S 7 ~ A Let technology atrophy
=T~

/ """-n-.x‘"--____‘h

T MRH:HEHH‘

Perception of ~o

Threatened threat f N

Industry

(Dominant) B Invest to lower costs

Time (Non Dom. Ind Market Share)

Source: Porter, M. E. (1980). Competitive Strategy: Techniques for Analyzing Industries and Competitors. New York: Free Press.
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SUSTAINED OPPORTUNITIES TO COMPETE
BETWEEN PAVING INDUSTRIES BRINGS VALUE

Asphalt ($/ton) Concrete ($/CY)
Unit Price versus Share of Pavement Spending on Asphalt Unit Price versus Share of Pavement Spending on Asphalt
$120 "Tea $900
RAS | BRR N
FL ‘\GA\\
$100 $750 wv ..
o LA X o Tl . Average unit price = $367.08
ME AR L N (with 100-90% asphalt share)
$80 AL Nyl PA R e s e e s $600 AL MS
MT NM ks KsD o0 A MD".
Ml Wi N
SC Mo OR RMT NY”<
NE S . .
360 T o $450 A Average unit price = $168.02
| N N I DE - focom oo T FL TS~ (with >70% asphalt share)
s0 wY $300 . NEA TA -
Average unit price = $66.82 . Wy OF L RE T
(with >70% asphalt share) ME < KRN o L Y ND T TTTReeeal
. . T~._MO Ks 3P - M e T
s20 Average unit price = $77.80 $150 AZ. wi 1A
(with 100-90% asphaltshare) T OK._MN
g L 1 1 | | | g-—g——g——T—— Increasing Industry Competition -—————————— - || T
100% 95% 90% 85% 80% 75% 70% 65% 60% 55% 50% 45% 40% 35% 100% 950 90% 85% 80% 75% 70% 65% 60% 55% 50% 450% 40% 35%
Share of Pavement Spending on Asphalt Share of Pavement Spending on Asphalt
The “Perception of Threat” occurs somewhere between 10 and 30% Concrete Pavement Market Share
Sources:

1. Mack, J., Wathne, L., & Mu, F. (2016). Improving Network Investment Results by Implementing Competition and Asset Management in the Pavement Type Selection Process.
Proceedings of the 11th International Conference on Concrete Pavements, Aug 28-Sept 1, 2016. San Antonio, TX.
2. Oman Systems, Inc Bid Tabulation Data. Retrieved from http://www.omansystems.com -53-



ADOPTION CURVE FOR INNOVATIONS

When the number of adopters reach the tipping point, the innovation is self-sustaining

100
Tipping point = Point at which enough users have
adopted a technology (shown in blue) so that its
. : 75
use (shown in ) takes off and it becomes part =
of the accepted, standard practice o
3
50 wn
=
Q
Tipping point occurs at ®
15 to 18% adoption 2
25
| 0
Innovators Early Early Late Laggards
2.5% Adopters  Majority Majority 16%
13.5% 34% 34%

Source: Everett Rogers’ Diffusion of Innovations (Rogers, 2003)

https://en.wikipedia.org/wiki/Diffusion_of_innovations //CEMEX
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STEPS TO CREATING A COMPETITIVE PAVING PROGRAM

Signals that the agency is serious about creating competition between industries

1. Transportation Agency announces their intention to have a concrete paving
program

/M CEMEX
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STEPS TO CREATING A COMPETITIVE PAVING PROGRAM

Signals that the agency is serious about creating competition between industries

2. Agency adopts and uses all cement based / concrete solutions in multiple
market applications

« New Concrete Pavement, Concrete overlays, etc
 Interstates, State Highways, Rural roads, Intersections and Ramps
- Creates multiple opportunities for potential concrete projects

/M CEMEX
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AVAILABLE PAVEMENT TREATMENTS

And they must be used across multiple applications (Intestates, county, local, streets, etc.)

Treatments for Concrete Pavements Treatments for Asphalt & Composite Pavements
: Materl. Perform
Category  Treatment Techniques Used Period* Category Treatment Techniques
Maintenance  Crack/joint sealing AC 510 : . . : :
_ _ Maintenance Seals (chip/fog/slurry/micro-) AC 1-5
Partial / full-depth repair and PCC  5-15 - Asphalt Rejuvenation AC 15
_ Slab replacement Preservation = Asphalt Patching/Pothole filling AC 15
Preservation Co.ncrete patch usigg asphalt AC 1-3 Asphalt cold/hot in place recycling AC 5-10
ngnt LTE re.sto.ratlon : . >:15 Open gradation friction course AC 5-10
gﬁeﬂogjcgd%t[:gr?Ifrr]i?;tig(;ng(r:?)ﬁyslgg A-C 150'1105 Full Depth Reclamation w/ cement AC 10-20
Thin asphalt overlay (2-4") AC 5-15 Repair mn/;:gmfz::ﬁ ;;/ZI_?)(ZA) ﬁg gi:
Repair Bonded concrete overlay (2-4"): PCC = 10-20 ) .
Thin concrete overlay (4-8") PCC 10-20+ Ult.rathln concrete overlay (2-4") PCC 8-15
Thin RCC overlay (4-8”) " RCC 10-20+ Thin concrete overlay (4-8") PCC ;10—20+
Asphalt overlay (4-8") ~AC 520 _RCC overlay (4-87) _RCC_10-20+
Rehabilitation ~ Asphalt overlay (>8")  AC  10-20 _ Asphalt overlay (4-8") _AC 520
Concrete overlay (8-12") PCC  20-35+ Rehabilitation = Asphalt overlay (>8") __AC 10-20
RCC overlay (>8”)  RCC  15-25+ _ Concrete overlay (8-12") _PCC 20-35+
New asphalt AC 1020 _RCC overlay (>8”) _RCC 15-25+
Replacement  New concrete  PCC = 25-35+ ~New asphalt __AC 10-20
New Roller Compacted RCC 1530+ Replacement New concrete PCC ;25-35+
Concrete . New Roller Compacted Concrete ~ RCC :15-30+

» Performance Period gives typical range for the activity until next treatment. Actual performance will vary based the specific parameters used for each activity and project.

For example, a 8-inch overlay will provide longer service than a 5-inch overlay. The numbers given here are used to indicate what length of “Service Life” can be designed. -57 -



STEPS TO CREATING A COMPETITIVE PAVING PROGRAM

Signals that the agency is serious about creating competition between industries

3. Agency purposely lets a given number of concrete projects each year and
develops a Project Pipeline that covers several years
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METHODS FOR DEVELOPING A PROJECT PIPELINE

Examples of how US States have Ensured both the Concrete & Asphalt Industry Participate

Programmatically balances the market based on some metric such as volumes.
= Wisconsin & Michigan DOT — Balances their program to the same volume each year

- Tons of asphalt = square yards of concrete pavement
= |owa DOT targets a ~50/50 balance (commitment to stay within a 40-60 market share range)

Designate a certain number of projects will be Concrete.
= Florida DOT - ~40 miles of new roads are concrete pavement / year.
= TxDOT - Consistently bids ~ 5M sy? (~26%) of concrete pavement every year

Use Traffic or road classifications to designate specific markets for each product.
= |nthe past, Minnesota DOT — based on Equivalent Single Axle Load (ESAL))

- ESAL <1 Million = Asphalt
- ESAL > 7 Million = Concrete
- Between 1 and 7 Million —go thru LCCA process

Goals is to develop a “Program of Projects” vs a series of “Individual Projects”
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STEPS TO CREATING A COMPETITIVE PAVING PROGRAM

Signals that the agency is serious about creating competition between industries

4. Agency develops Technical Task Forces to address issues with specifications,
design procedures, and other policy / design / construction issues

« There will be issues with design, construction, specifications, etc.

« Task forces give the opportunity for industry and DOT come to a mutually
agreeable solution that meets both groups needs

- Lowers costs for future projects
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STEPS TO CREATING A COMPETITIVE PAVING PROGRAM

Signals that the agency is serious about creating competition between industries

5. Use Life Cycle Cost Analysis and Alternate Pavement Bidding on Specific
Pavement Projects

Only after agencies set the groundwork for an Inter-Industry Competitive Pavement Environment
can LCCA and APB be used to lower costs even further on specific projects
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Does this Really Work?



SUSTAINED OPPORTUNITIES TO COMPETE
BETWEEN PAVING INDUSTRIES BRINGS VALUE

Asphalt ($/ton) Concrete ($/CY)

Unit Price versus Share of Pavement Spending on Asphalt Unit Price versus Share of Pavement Spending on Asphalt

$120 "Tea $900
RIS I RREN
FL ‘\GA\\

$100 L $750 Y . .

. W LA X o el . Average unit price = $367.08

ME AR L N (with 100-90% asphalt share)
380 AL Mygoyoff T A mvee e e e 600 AL MS
MT NM ks KsD 70 A MD".
MI Wi .
SC Mo OR RMT NY”.
NE A . .

360 T o $450 A Average unit price = $168.02

NE DE o tmmmmmmmmmmmm e m T T FL. S~ol (with >70% asphalt share)
s0 WY s300 . NEN AT

Average unit price = $66.82 . Wy OF L RE T
(with >70% asphalt share) ME\\[\IW?:%\/A AR fé 1%; ND w e
s2. Average unit price = $77.80 $150 Thz = NE RE
(with 100-90% asphaltshare) T OK._MN
g L 1 1 | | | g-—g——g——T—— Increasing Industry Competition -—————————— e R D e s
100% 95% 90% 85% 80% 75% 70% 65% 60% 55% 50% 45% 40% 35% 100% 95% 90% 850 80% 75% 70% 650 60% 55% 50% 45% 40%  35%
Share of Pavement Spending on Asphalt Share of Pavement Spending on Asphalt
This was not the first time ACPA did this analysis

Sources:

1. Mack, J., Wathne, L., & Mu, F. (2016). Improving Network Investment Results by Implementing Competition and Asset Management in the Pavement Type Selection Process.
Proceedings of the 11th International Conference on Concrete Pavements, Aug 28-Sept 1, 2016. San Antonio, TX.
2. Oman Systems, Inc Bid Tabulation Data. Retrieved from http://www.omansystems.com -63-



SUSTAINED OPPORTUNITIES TO COMPETE
BETWEEN PAVING INDUSTRIES BRINGS VALUE

Asphalt ($/ton) Concrete ($/SY)
Unit Price versus Share of Pavement Spending on Asphalt Unit Price versus Share of Pavement Spending on Asphalt
$140 $140
$120 v Aver_age Unl: price = $7872 $120 \ MS Average unit price = $6371
\ (with 100-90% asphalt share) \ (with 100-90% asphalt share)
S o NM NWA
$100 ~—C $100 >
L b CA N
ME  mD = =AWz . _TX MD .
880  MT.. FLn/NY LA T T T T T e e e 580 | ~ _ Average unit price = $31.94
Rwy ND UPK CO NIA AL T~ WY (with 70-60% asphalt share)
NV S“AL Ky PA | MT VA ND - _ A
~ IN IA KY -
60~ == —mr—2"_ _ o mne — — — W NEM WS $60 N e wy A [ R RO Ve,
\ IRRNY by
sC IL
$40 L $40 e AR MO ut TR C%e NE
Average unit price = $61.85 S< o MN Ml Wi IA
(with 70-60% asphalt share) AZ I 0] ¢
$20 $20 T e e - - e - - oo
———————————— Increasing Industry Competition -—————————— -
$- $-
100% 95% 90% 85% 80% 75% 70% 65% 60% 100% 95% 90% 85% 80% 75% 70% 65% 60%
Share of Pavement Spending on Asphalt Share of Pavement Spending on Asphalt

Source Oman Systems, Inc Bid Tabulation Data. Retfrieved from

http://www.omansystems.com //CEMEX -64 -



SUSTAINED OPPORTUNITIES TO COMPETE

BETWEEN PAVING INDUSTRIES BRINGS VALUE

2007-2011 weighted unit costs vs. five-year average balance of DOT pavement type usage for asphalt and concrete pavements

Asphalt ($/ton)
Unit Price versus Pavement Spending on Asphalt

Concrete (S/SY)
Unit Price versus Pavement Spending on Asphalt

$100.00 - $100.00 -
Average unit price = $71.36 Average unit price = $55.83
(with 100-90% asphalt share) $90.00 (with 100-90% asphalt share)
$90.00 -
- WV $80.00
s~ W CA Average unit price = $59.72 RN
= LA with 70-60% asphalt share - R S

$80.00 ( o3P ) $70.00 oA S~ Average unit price = $30.86
$60.00 e~ - (with 70-60% asphalt share)

$70.00 $50.00 -
$40.00 -
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—————————————— Increasing CompetitoAr —-—————————— -
540100 T T T T T T T T 1 5- : T T T T T T T T 1
100% 95% 90% 85% 80% 75% 70% 65% 60% 55% 100% 95% 90% 85% 80% 75% 70% 65% 60% 55%

Share of Pavement Spending on Asphalt

Source Oman Systems, Inc Bid Tabulation Data. Retfrieved from
http://www.omansystems.com
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Asphalt ($/ton)
Unit Price vs Pavement Spending on Asphalt
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Asphalt ($/ton) Concrete ($/SY)
Unit Price vs Pavement Spending on Asphalt Unit Price vs Pavement Spending on Asphalt
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IA, WI, NE and MI all increased their Market share in Concrete Paving
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QUIZ #2

What is the is the main reason why an Agency would want to increase competition?

What are 2 types of Competetion?
« Does NY Currently have good competetion in these categories?

Does Life Cycle Cost increase Competetion?

What is the Primary Step NYSDOT can do to increase Competetion?

/M CEMEX
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Thank You

& Any Questions?

Jim Mack
jamesw.mack@cemex.com

Cell: 713-598-6669
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