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&P > Concrete Pavement Longevity

« Hallmark of concrete pavements

e >50 year old pavements common...
« SR 522 in Washington

e Built 1917

 Rehab in 2001
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Benefits of Longevity

« Less-frequent reconstruction

« Lower consumption of raw materials
— Cement, aggregates, steel

e Lower energy consumption

e Congestion
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Benefits of Longevity

e Reduction in pollutants

— Manufacturing, construction, congestion

 Infrequent construction zones

e Real economic benefits...
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&) Pavement Design !!
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PAVEMENT DESIGN

The new pavement will be built in the future, on
subgrades often not yet exposed or accessible;
using materials not yet manufactured from sources
not yet identified; by a contractor who submitted
the successful "low dollar" bid, employing
unidentified personnel and procedures under
climatic conditions that are frequently less than
ideal.
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Design Procedures

—
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e Empirical Design Procedures

— Based on observed performance

e AASHTO 1993 Design Guide — Based on AASHO
Road Test

e Mechanistic/Empirical Design Procedures

— Based on mathematically calculated pavement
responses

o ACPA Design Procedure — StreetPave
o« AASHTO MEPDG
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“ ;'“_“ Concrete Pavement Design Tools

« Roadways
— AASHTO 93 (WinPAS)
— StreetPave
— DarwinME
— OptiPave
« Overlays
— StreetPave
— BCOA-ME
e Industrial

— AirPave
— PCASE (Corps of Engineers)
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AASHTO 93 DESIGN Guide
WinPAS

The AASHO Road Test was conceived
and sponsored by the American
Association of State Highway Officials
to study the performance of
pavement structures of known
thickness under moving loads of
known magnitude and frequency.
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Typical AASHO Loop Layout

Test Tangent = 6800 ft.

South tangents & west (/ ;\\\‘\\; AT S i
turnarounds: Rigid NS = S“)
North tangents & east Se stusien AN
turnarounds: Flexible {i Lo 2 }
Section Length =100 ft AC j Sk ___ B

Teed Targent
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368 rigid test sections LT
468 flexible test sections b R R AT
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AASHO Road Test Performance

Surviving Sections
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AASHO Road Test
Empirical Loop Equation

Single Axle
Tandem Axle
o o
P  J
For experimental design 1
14 28 42 56
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AASHO Road Test
Extended Design Equation

—
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« Empirical Loop Equation only good for
conditions at the AASHO Road Test

« Researchers wanted to extend equation
to other sites with different:

o Materials

e Subgrades

e Climates
 Traffic Loadings

AP NORTHWEST
AU TR, N AR




L B

Log(ESALs)

+ (4.22

[ [ APSI ]]
| Log |
s
=Z *s + 735 *log(D + 1) - 0.06 +

R ° | T 1624 *107 |
|1+ |
IR

[ ]

| |

| s *C *[D 0.75 — 1,132 ] |

- 0.32p )*Log | ‘ |

t 1

| f 1842 ||

215.63 *J *|D 97 |
0.25
| | €. /¢ )=

%1986-93 Rigid Pavement Design Equation




AASHTO DESIGN
Concrete Properties

Use average, in-field If specify minimum flexural
. strength at 28-day of 550 psi &
Strength for de5|gn allow 10% of beams to fall

(not minimum specified) | below minimum:

STEP 1
Estimate SDEV:
9% for typical ready mix.
SDEV = 550 * 0.09 = 50 psi
STEP 2
S’C design = S’C minimum + Z * SDEV
S’C design = 550 + 1.282 * 50
S’C design = 614 psi




AASHTO DESIGN
Subgrade Soil Relationships

Be careful when using M, = 1,500 * CBR
the AASHTO Subgrade M, = 1,000 + 500 * R
Soil Relationships

These relationships given in the
guide between M, and CBR and

R-values over estimates actual
M, values.



AASHTO DESIGN
Subgrade Soil Relationships

0 25 50 75 100

Data: NCHRP Report 128.



AASHTO DESIGN
K-Value Determination

The relationships For Example,

between k and Mg (base |Assume M, =12,000 psi

- no base) give with no-base
inconsistent results with k =M /19.4 = 619 psi/in
high in-situ MR Values. with 6” granular base

k = 574 psi/in (from Fig 3.3)
As the M, value increases, the
difference becomes greater.

Neither value is very realistic.
Historical values are 150-250

psi/in.




AASHTO DESIGN
Loss of Support

Reduces k-value due to expected
erosion of subgrade.

LOS = 0 models conditions at the
AASHO road test.

Upper 3 feet were required to be:
AASHO A-6 (clay)
Group Index = 9-13
Plastic Index = 11-15
Liquid Limit 27-32
80-85% passed the #200 Sieve




AASHTO DESIGN
Subgrade Strength

Use Loss of Support =0

(otherwise your using a
huge fudge factor)

All cracking of rigid
pavements at the AASHO road
test were preceded by the
pumping of material from
underneath the slab.

The primary mode of failure
at the road test was loss of
support in the poor clay soil.

Therefore, AASHTO design
equations already account for
support loss.




AASHTO DESIGN
Drainage Coefficient

Use Drainage Coeff > 1.0 _

. : The subgrade soil at the AASHO
(other\lee using a huge road test was a very poorly
fudge factor) draining clay soil.

Therefore the AASHTO design
equations already account for a
poor drainage condition.

Modern open-graded bases and
more free-draining soils are
design options which can be
modeled with Cd > 1.0




AASHTO DESIGN
Reliability

Design Curve /

AFES  NORTHWEST
mﬁag 3 CHAPTER




AASHTO DESIGN
Reliability

Never compare designs |Another way to think about
at different reliabilities reliability is to consider that at

(reliability = factor of 90% reliability, only 10% of the
pavement will have “failed” by
safety)

the end of the design period.

If you are comparing a new
concrete section to a new
asphalt section use the same
reliability for each.

Make design evaluations at 50%
reliability.




“t‘ AASTHO Design Procedure Evaluation - JPCP

JECP - All Regions

l « The 1986-93 Equation is an “unbiased”

predictor, but it is not accurate

g — Pred/Act ranged from 0.1 to over 10
| g e If designed with a high reliability, it will
= o 2% I 1 yield a conservative design
¥ & § 3 g | Ratio of Predicted o Actanl KESAL's for JPCP
Aclual KESAL i Bwr HEwxyxr Bpr Monr

[SRCERNT. N R ST
RIS

From: Evaluation of the AASHTO
Design Equations and
Recommended Improvements

SHRP-P-394 (1994)

[— P

<=1 1.01-2 2.01-5 5.01-10 =10.01
Predactad /Achml KESAL'S

Figure 6.8, Ratio of Predicted KESALSs to Actual KESALs for JPCP Based
on the 1993 AASHTO Prediction Model

Number of Sections
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PCAPAV
DESIGN PROCEDURE

PCAPAV - a mechanistic thickness

SN s Thickness Design for
Based on: Concrete Highway and

Street Pavements

— Theoretical Studies
— Model & Full-scale tests

— Experimental test roads
e i.e. AASHO Road Test

— Performance of normal
pavements
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“‘:‘ StreetPave Thickness Design Procedure

L=w

Pavement design tool geared
primarily for roads & streets

Based on the PCA’s pavement
thickness design methodology

Assesses adequacy of concrete
thickness using both fatigue
and erosion criteria

Wap
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4P StreetPave’s Origins

e PCA thickness design methodology for JPCP

 used slab stress/fatigue as oo coue [ e i
the sole design criterion Tiiknoss Duign for
oncrete Pavements
for determining thickness

— updated in 1984

« failure by erosion (pumping) -

loarrde an Bacn Vow Donng

o edge support _ Eran
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StreetPave

— released in 2005 by ACPA
— tailored for streets and roads

StreetPave’s Origins

— improvements included: e
P =i

enhanced concrete fatigue model w/reliability
component

ability to analyze tridem axles in the traffic spectrum

new recommendations for dowel bars, joint spacing,
subgrade/subbase moduli, etc.

side-by-side design comparison to asphalt sections

AFER. NORTHWEST
,::*ég 3 CHAPTER




&)  Fatigue - Total Damage

e Cumulative damage:

N — Mgy - Wy + Wmay

where,
FD

FD
FD
FD

wte = total fatigue damage, %

single = fatigue damage from single axle loads, %

= fatigue damage from tandem axle loads, %

tandem

= fatigue damage from tridem axle loads, %

tridem

MECHANISTIC DESIGN ... but validated
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Fatigue - Model Comparison
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Stress ratio, SR
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Faulting — Total Erosion

&
. T

e Cumulative erosion:

M) = Mgy + Wy + s

where,
ED,, .., = total erosion damage, %
EDy;, e = €rOSiON damage from single axle loads, %
ED,,, .. = erosion damage

from tandem axle loads, %

ED,..., = erosion damage ?_/— — e
from tridem axle loads, % =

EMPIRICAL DESIGN

AT, MR




‘C:« Faulting — Erosion per Load Group

e Erosion damage (ED) for each load group is

computed per I\/Iiner’sllqulamage hypothesis:
-
B

n = number of load appl

where,

N, = allowable
applications

to erosion failure




« Rate or work or power:

1.27 2
_ 268.7 @@ﬂ

= equivalent corner deflection, in.

where,
O,
k = composite k-value of subgrade/subbase

e |dea is that, for a unit area, a thinner pavement
with a shorter deflection basin (e.g., smaller radius
of relative stiffness) will receive a faster punch
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&) StreetPave - Design Inputs

e Design Life ® K-value
e Reliability ® Subgrade &
e % Slabs Cracked Subbase(s)
. Traffic ® Thickness
e Modulus
— Volume
load ® Edge Support
_ Growth ® Dowel Bars
— Distribution ® Concrete
@ Strength

® Modulus of Elasticity
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Controlling Factors

-‘;\

e Fatigue usually controls design of light-traffic
pavements

— Single-axles usually cause more fatigue damage

« Erosion usually controls design of undoweled
medium- and heavy-traffic pavements

— Tandem and tridem axles usually cause more
erosion damage
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«=fl=\WinPAS

e StreetPave

Required Concrete Thickness
~N
o

92}
92}
I N I N |

XXXXXXXXXXXXXXXXXXXXXXXXXXX
.....................................

« Traffic spectrum factors in — not just ESALs!
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Mechanistic Elements

Pavement Performance
Prediction

Empirical Elements
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‘.’*‘-'\g M-E Design Basics
 Mechanistically:  Empirically:

o Calculate critical « Relate damage over
pavement response time to pavement
(i.e., stresses, strains, distresses through
and deflections) due calibrated models, e.g.:
to: — Cracking, Faulting,

' | | Roughness in JPCP.
— Traffic loading. — Punchouts, Crack Width,
— Environmental conditions. Roughness in CRCP.

e Accumulate damage e Accumulate damage

over time. over time.

MECHANISTIC + EMPIRICAL DESIGN
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;:-"“ag 3 CHAPTER




INPUTS, INPUTS, INPUTS!!
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INPUTS, INPUTS, INPUTS!!!I
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UTPUTS, OUTPUTS, OUTPUT
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&P > Heavy Traffic, w/ Edge Support

Thi

6.5

5.5

Heavy Traffic, with Edge Support

75

300

& 2002DG_R=75
= PCA

& ACPA_R=95
% ACPA R=75
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&P > Heavy Traffic, no Edge Support

Heavy Traffic, no Edge Support

9
8.13
4 2002DG_R=75
y # PCA
g \ \ 4 ACPA_R=95
w -—
Q 725 % ACPA_R=75
K4
Q
3 \—\_‘
[
\\\ —
o \
55 : . .
75 150 225 300
k-value, pci
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&> Summary/ Conclusions

e At heavy traffic levels:

— ME Design Guide is still fairly close to PCA and
ACPA at 95% reliability

— ME Design Guide not as sensitive to edge
support condition
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Thin Concrete Pavements
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—,J‘Posmon of the Loads and Dimension of
& the Slabs

TCP® Design
AASHTO Design

©0 O
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Slabs Sizes and Thickness For Same Top Stress
(363 psi)

Concrete Thickness: 10 in.
Slabs: 15 ft x 12 ft

Concrete Thickness: 6.3 in.
§  Slabs 6ftx6ft
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Characteristics of TCP Design

Small slabs (1.4 to 2.4) meters long (5ft-8ft)

« Less curl/warp; smaller crack width

Granular base (fines < 8%) 15 cm thick
o Less pumping/faulting potential

Normal or fiber reinforced concrete

Geotextile between the subgrade and base, if needed
Thin joint cut (<2.5 mm wide)

No joints sealing

Optimized dowel bar system or no dowels

Lateral confinement with curb, shoulder, vertical steel
pins or FRC

Widened outer lane

AP NORTHWEST
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TCP Design

® Cumulative fatigue damage, like StreetPave
@ Islab 2000 runs for stresses; NCHRP 1-37 for fatigue

® ESALs used for simplicity

® Environment considered in calculations

MECHANISTIC == I men
DESIGN
... but validated

mn—n \
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Non-Standard Loads
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ACPA AirPave Procedure

4

— Westergaard Analysis Loading Condition
— Center Loading

— Gear Rotation
— Gear Configuration I
— Number of wheels

— Tire contact area

— Tire pressure

AFER. NORTHWEST
;:-"“ag 3 CHAPTER




AirPave
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AirPave
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AirPave

Stress® Allowable Stress | Allowable
ratio repetitions ratio | repetitions
051*" 400,000 062 | 14,000
0.52 200,000 0.64 11,000
0.53 240,000 0.65 8,000
0.54 180,000 0.66 6,000
0.55 130,000 067 4,500
0.56 100,000 0.88 3,500
0.57 75000 | 069 2,500
0.68 57,000 0.70 2,000
0.59 42,000 0.71 1,500
0.60 32,000 0.72 1,100
0.61 24,000 0.73 850
0.62 18,000 0.74 650

* Load stress divided by mcdulus of rupture,
**Unlimited repetitions for stress ratios of () 50 or less
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AirPave

ACPA AirPave

Pavement Evaluation Report
Summary Information
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AirPave

ACPA AirPave

Pavement Evaluation Report
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EverFE

Stress (ksi)
-0.170 0.0836 0.00237 0.0883 0.174




EverFE

Stress (ksi)
0.000771 0.193 0.384 0.576
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Overlay Experiences

e Spokane, WA
— 3 sections on 1-90, 3”, 4", 5”
— Constructed in 2004
— Eastbound AADT 40,000
— Excellent performance in 4” and 5” sections

— Reconstructed in 2011
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BCOA ME
Main Screen

GENERAL NFORMATION
LA [Orpes): 4535
Lempil iehs (g o
Li=aton (rt): 223
Lsomated Dengn Lare Lidles T
Naxtwm Allosatle Foroent Sabs Crackod 1X)! L
Destrec Retabtlty agat-at Sab Cracking (¥ 29

CLIMATE

SNUDAL Esgon I v

Map of Sunsvne Zorc 3

EXISTING STRUCTURE

Foat-slhng [INA Thackness [In): 2
1WA Tatg e Aovyide ¥
Compestts Mo of Subgrads Neacton, Kk vwalue '

(pre fin:
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4 BCOA ME
. Traffic

4

ESALS ESTIMATION:
Is Onc-Way ADT Availablo? ® Yes No
ESTIMATE ESALS:
NDesign | ife (wrs): 1)
larnamd S vivaabilily: 150
Munber of Laawes i bach UirecLion: i
Percent Trucks(%): B
ADTT Growth Rata [%): 7
Traffic Growlh Rats Type: Non lwusn v
Road Catogory: Major arterial v
One Way dverage Daily Traffic (ADT): 15000
SUBNIT
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BCOA ME
Environment

GEOGRAPHIC INFORMATION

Option 1

Opsesrs wedpaec [0 eslimalo climal e infonmal on.
~

ar
Option 2

Chonse closest city with a sinflar dimarte:

CR v PORTLAND v

SUBMIT
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BCOA ME
Main Screen

PCC OVERLAY PROPERTIES
Ao e 75y Pl o Syl [Hlnsaguin s i ¥ 220
Fstrmated CC Flastie Nadols (po): 203C000

Coelfiael of Thwirmal Expansion (10-6 wu'"Ffm} =

Fiber Type: Mo | b ’

JOINT DESICN

Jormt Spacing (Pt CaC ¥

CALCILTE [ESIoN

PERFORMANCE ANALYSIS
Calvulaled PCC Owverlay Thickamess (i) 5.13
Design INIZUweriay Thickness [1n) b |
Is there potent!al Tor reflective cracking? ND
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Table 1. Ceacrete Mix Proportions and T'resh and Mechamcal Concrete Progamies

Macro Fibers

0.52% 0.48% 0.35% 0.50%
Plain synfhetie syntherie haoked and crimperd sraal
Matarials (kp/m’) concrete macrofibers nacrofihers el fihers fibers
Cloarse agpreoata 903 TS 976 253 o83
Fire apprepara R23 ana ’17 o0 813
Clement 363 60 300 37 63
Waler s 132 183 163 1/2
Daracer (1l 100 kgr! uzs 1.116 1.117 Jou 1,328
Water-to-cemert ratio 042 051 0.51 0.45 0.47
Air contert (%) 1.3 29 2.8 6 3.2
Slemp (mm) 200 1540 15 110 150
Cougressive (M) 41.1 36.1 31.8 3= 37.2
Flexurl streagth (M%) 473 464 4.82 468 338
K, = values (%) 2 22 30 43 35
Slab Uockness (nool 139.7 1518 15318 1314 1318
%, 5= vquivalent Lexural shength ratio ol 3-nan delonuation.
NORTHWEST




BCOA ME
Design w/ Fibers

PCC OVERLAY PROPERTIES

foerage 20 day NMexural Svength fthree paint bendi @ an)

Fstimated PCC Flastc Nodalus (pal):

......

Costticient of Eharmal Fxparsion (11 G ns™Fin}

Filwa T'_-]!Pf Serdlsdine: Hlnad ied Bheaw ¥

Flber Content {10/ wd3) i

JOINT DESIGN
Joint Spactnd |ft): s ¥
CALDILATE DESIEN
PERFORMANCE ANALYSIS
Qalculated POC Overly Thickne:s (In) A0
Dazn PCC Querlay Thickness (in) 4.5
Is there potential for reflective cracking? Ho
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Repairs-Bonded Resurfacing of

>

o < N < a
X . 2
M Al edks vl &
' aperings Wes 1han tha maxeam X
smaa uverloy sygpneguls g rnl =3
Fulkceprh reped paichas ansd #5 kn Pilad 5
= -

.,
b
-
-
?

Dizedng

Lembones I yyus treidx Elamy

I mmr/mla Zippeae

fermmlicng ucing & o~
H9 54
mersLr e thame oeacddny | 74

Existing Spot repairs
pavement diswress 10 consider
Fatigue= cracking Full-cepth repair patch
Fotlhole Full-cepth repair paich
Ceeo rutting Millirg
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F Milling: Bonded Resurfacing
=~ of Asphalt or Composite Pavements

The three main objectives of milling:

1. to remove significant surface distortions that
contain soft asphalt material, resulting in an
iInadequate bonding surface

2. to reduce high spots to help ensure minimum
resurfacing depth and reduce the quantity of
concrete needed to fill low spots; and

3. to roughen a portion of the surface to
enhance bond development between the new
concrete overlay and the existing asphalt.
(don’t leave a thin lift)
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Milling: Bonded Resurfacing
of Asphalt or Composite Pavements

- Complete removal of
ruts is not needed when
rutting in the existing
asphalt pavement does
not exceed 2”.

* Any ruts in the existing
pavement are filled with
concrete, resulting in a
thicker concrete overlay
above the ruts.

e A minimum of 3"—4" of asphalt should be left after
milling because of the reliance on the asphalt pavement
to carry a portion of the load.



G
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* Surface cleaning

— Power sweeping

— Air blasting
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Construction

Place concrate when surface temperature is <120°T.

Carnventinnal tixed-form or slip form placement used.

Shotblast or mill (if ne=ded| and clean surface thoroughly.

Grout or epoxy honding agents are not required (however lacal conditinns and
experience will dictate)

Texture Favemnent fo- friction.

Curing material must be p sced as soon as possible (<30 minutes). Full
covarzge is essential,

Begin sawirg as soon as possible (use of early ent-y saw is recommendad).

Test mix throughout placement for QC.
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Paving yP

* Maintenance of traffic

— Depends on concrete overlay thickness

* If ecge drop-o7f criteria is excaedec, ther MOT is just liks full
depth PCC reconstruction

* Otherwise, similar to MU for asphalt projects
— Options incluce:

* Construction adjacent to traffic (lare a: a time)

* Positive separation or cones

Pilot car operation for two 'ane roadways

Crosscvers and construct full width

Stagec intersections or full closure with acceleratec opening
(48 to 72 hr)

All concrete overlays ere accelerated construction!

NORTHWEST
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Curing of Overlays

* Cure as soon as practical
 Even and complete ccverage
» Consistent operating speed
* Edge covered also

» Cven and complete ccver

* Adjust for dry and/or wind

* (Clean/adjust nozzles

» Keep it wet, keep it warm: for
durability




t ﬂn mportant Elements-Bonded Resurfacing of

& ° Asphalt/Composite Pavement

~

e Clean Surface/Bond is important for good
performance

e Thin milling may be required to eliminate
significant surface distortions of 2” or more and
provide good bond.

e Leave at least 3” remaining asphalt after milling.

eControl surface temperature of existing asphalt to below 120¢F.
*Try to keep joints out of wheel paths.
eCuring should be timely and adequate.

eSmall joint spacing to minimize bonding shear stress
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Myg. 1. Concrete overiay of
pOOr cxndtivn concrete pavesment

* If the movement is confined to isolated areas. full depth repairs can solve
the problem.

* For faulted pavements. if the subgrade s stable, the overlay has provan
to be adequste.

* Minor fauting Is generally not a concern when a separator layer of 1" or

greater is used.
AT N
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Separation for Unbonded Overlays

» Separation required for
good performance.
~ Isolate overlay from existing
pavement:
~ Prevent reflection cracking.

~ Prevent bonding/mechanical \1
interlocking. Wl

- Provide level surface for
overlay construction.

- Tracditional — 1 in dense
HMA.

» New — Nonwoven
Geotextile fabric (MO, ND,
VA, KS...)
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Nonwoven Fabric Interlayer
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Nonwoven Fabric Interlayer
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Benefits of Geotextile Interlayer

» Provides adequate separation
» Avoids another paving operation:
»Saves on mobilization
» Avoids materials availability/cost issues
» Reduces overhead clearance issues
» Reduces materials for shoulder fills
» Reduces project costs
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& ~.  Overlay Experiences

« Kalispell
—5” on ?”-5” of HMA
— 6’ joint spacing
— 18,000 ADT in 2000
— 30% Trucks
— Built in 2000

— Performing very well
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a f‘.‘q
& ~. Overlay Experiences

e Bellevue
—3”PCCon 3” AC
— Built 1998
— Still in service

— Cracking in edge panels due to lack of
support. Edge panels have been replaced.
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a f‘.‘q
& ~. Overlay Experiences

e US 20/26 & Middleton Road
e Builtin 2005

e 4” on 4”

o Still in service

« Excellent performance
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Other NW Projects

e Portland
— NE Columbia Blvd.
e 47 -6"PCCon0”—-4" Asphalt
— N. Denver Avenue
e 2.5” PCC on Variable Sections
« Eugene
— Coburg Rd.
— 6” PCCon 4” Asphalt
e Yakima
— 40th and Knob Hill
— 6” PCCon 2” —4” Asphalt
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Portland
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%8 QUESTIONS?
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