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PAVEMENT DESIGN
MATERIALS

ASPHALT

CONSTRUCTION
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Class is based on the 1993 AASHTO procedure.

Recommend purchasing this book
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Pavement Determination Data Sheet

20 | yr Forecast ADT
% Heavy trucks
Predicted ESAL's

Biwio ! ~iodnl b Lura»-g
,

Structure MumberHMA) or Thi ckness[POC) Required for ESAL'S)
Structure Number or Thich agned  [must = ired)
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Pavement Determination Data Sheet

Project Name
Project No.
Control No.

Letting Date
Prepared by:

Scoping Information

Pavement Determination
Mainline-

Shoulder-

Patching-

Pavement History
Top Layer

Intermediate

Intermediate

Base layer

Subgrade
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Pavement Management System or Field visit Information
HMA

Rutting (mm) Cracking(%)

Cracking (%) Faulting
Rating Rating

Soils
Comments Classification

Optimum Modulus
Wet Modulus
Dry Modulus

Frozen Modulus

Traffic
Current ADT
E yr Forecast ADT

% Heavy trucks
Predicted ESAL's

Structure Number(HMA) or Thickness{PCC) Required for ESAL's
Structure Number or Thickness Designed  (must > required)
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Structural Number based off ESAL's

wr ow B dinowa or

Expected Performance Years Required sooackar
' AR eI renn m Acherdmnan
Mo. i
% Trucks in Design Lane __
% Trucks in Design Direction

Ave. Initial Truck Factor
Annual Truck Factor Growth Rate
Annual Truck Volume Growth Rate

Growth Rate Method
Intial Serviceability
Terminal Serviceabiliyy |
Relisbility Level
Overall Standard Deviation

Stru:u.rel'hrrberﬂeq.lira:ll

WAL S FR

[LER LTS

Surface Course Yig= it paeenge e A himatian of
Type sty bt St or i
Depth (D, indt ’ EIUME0E HOCATANE SITETUGES
Layer Coefficient [a,)
Structure No. for Layer(SN, ) SMN,=D, x a,
Basze layer
Type _
Depth [Dy,inches) __
Layer Coefficient(a, )

SN,=D; x3, xmy

SMNy=Dy x 3, x my

Total structure Provided (SN, + 5Ny + SNyt |
Aadne Biltes = oy ave s needer

[Comments:

11
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Flexible Design Inputs

Structural Number based off ESAL's
Expected Performance Years

No. Lanes

% Trucks in Design Lane

Use this method for New Build design or
for establishing Reguired structure
number for comparison ta Rehobilitation
design.

% Trucks in Design Direction

Ave. Initial Truck Factor

Annual Truck Factor Growth Rate

Annual Truck Volume Growth Rate

Growth Rate Method

Intial Serviceability

Terminal Serviceability

Reliability Level

Overall Standard Deviation

Structure Number Required

Use these inputs & the Flexible Povement
Nomograph (Figure 3.1, pg.i-32)
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HMA Condition Survey Method (Rehabilitation)

Surface Course
Type
Depth (Dy,inches)
Layer Coefficient (a,)
Structure No. for Layer(SN,}

Base Layer
Type
Depth (D,,inches)
Layer Coefficient(a,)
Drainage Coefficient(m,)
Structure No. for Layer(SN,}

Sub-Base Layer
Type
Depth (Ds,inches)
Layer Coefficient(as)
Drainage Coefficient(ms)
Structure No. for Layer(SN;)

Total Structure Provided (SN; + SN; + SN+ )

Add ar Subtract Layers as needed

Comments:

Use this method for Rehabilitotion of
axistifg asphalt roodways or for
Bituminows Recycling Strategies

SN.=D, xa,

SN,=D, xa; xm,

SN3=D; xa; xm;,

1/12/2011
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% Trucks in Design Lane N

5 Trucksin Design Direction Project Slab Thickness
Ave. Initial Truck Factor Loss of Support_

Annual Truck Factor Growth Rate Relisbility Level

Annual Truck Volume Growth Rate _ Overall Standard Deviation

ST e ] ' Load Transfer Coefficient
Intial Serviczability - —
Terminal Serviceability inags Coeffident
28 Day Mean PCC Modulus Rupture Thick X {D,]:

28 day Mean PG Elastic Modulus of Slab

Biree Thewr St & 3 4 Frerinat
gL gare & hoas)

PCC Condition Survey Method [R ehabilitation)

L o Ren el W G o
- LY CU LTI LA
(£ a\.{u-ul] |

‘ sz -wovse o -n, ) ou s (n-oy, ) ‘

[

‘ D =Fea B o F

=i

e
D= Huta overlay ek ss Dok

0= FOC required rhizkness tlinzhes) hased aq Foal's

D == Cor dition Sy o Faclor o exsling PES as Uh chness Prccs)
B Corrwscsior nu mber b PCC to HR1A

Fi.= Ja'nt & Crazk acjustment factar 1140 0.3

Fip= =3t guz Damzge acjustment taczar, 1.0 - 0.0k
Fo.=DuavlmvFasteri1,d Q.8h

[Comments:
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Rigid Design Inputs

Thickness based off ESAL's Use this method for New Build design or for establishing Required

thickness for comparison to Rehabifitation design.

Expected Performance Years Base Type

No. lanes Base Thickness
% Trucks in Design Lane Depth to Bedrock

% Trucks in Design Direction Project Slab Thickness
Ave. Initial Truck Factor Loss of Support
Annual Truck Factor Growth Rate Reliability Level
Annual Truck Volume Growth Rate Overall Standard Deviation
Growth Rate Method Load Transfer Coefficient
Intial Serviceability Drainage Coefficient

Terminal Serviceability

28-Day Mean PCC Modulus Rupture Thickness Required (D;)
28-day Mean PCC Elastic Modulus of Slab

Use these fnputs & the Rigid Pavement
Nomagraph (Figure 3.7, pg.ii-45)
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PCC Condition Survey Method [Rehabilitation)

Use for Rehabilitation{HMA averloy) for
_ existing cancrete roqdways
Do\rl =A {Dr_ Def'f)

‘ A=2.2233+0.0099 (D, - D..)* - 0.1534 {D.- D)

‘ Del'r = ch){ FlaLx qur

Definitions:

D, = HMA overlay thickness {inches)

D= PCCrequired thickness [inches) based on ESAL's

D= Condition Survey or Factor of exsting PCC as thickness {(inches}
A= Conversion number for PCC to HMA

Fi. = Joint & Crack adjustment factor (1.0 - 0.5)

Fiy= Fatigue Damage adjustment factor({ 1.0 - 0.9)
F,.=Durability Factor {1.0- 0.8)

Comments:

1/12/2011
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Let’s Begin
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a) Soft spot

b) Hard spot
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Subgrade Preparation

E
>
-~
]
z
(7]
c
Q
(]
-
L.
(]

Dry density — Ib/ft’

11 12 13 14 15 16
Moisture Content - %
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Compaction Table

Class III (See Specifications)

DEPTH BELOW PERCENT MOISTURE REQUIREMENTS
SOILTYPE FINISH SUBGRADE  DENSITY MINIMUM MAXIMUM
Emba_lnkmentl Roadway Silt-Clay Upper 3 feet 98 Min.. Opt. -3% Opt. +2%
Grading, including driveways, it cjay At depths greater 95 Min. Opt. -3% Opt. +2%
toreceive concrete pavement i e
Granular All depths 100 Min. ** **
Embankment/ Roadway Silt-Clay Upper 3 feet 100 Min. Opt. -2% Opt. +1%
Grading, including detours,  “gjj_Clay At depths greater 95 Min. Opt. -3% Opt. +2%
temporary roads, and than 3 feet
dri t ive flexibl
pavemant o Granular Al depths 100 Min. = -
Embankment / Roadway All All depths 95 Min. ** **
Grading to receive gravel
surfacing
Embankment / Roadway All All depths 95 Min. Opt. -3% Opt. +2%
Grading not to be surfaced,
and Noise Wall Berm
Surcharge Height = ‘ 5
Upper 4 All -- Class I (See Specifications)
Lower 1 Silt-Clay -- 100 Min. Opt. -2% Opt. +1%
Granular -- 100 Min. s o
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Rubber Balloon Method ASTM D-
2167

Provisions for

Congant Exemal <
tant .

Pressure or Vacuum Calibrated Vessel

Volume Indicator

Contained Liquid
U

Base Plate, Either

Test Area Surface Fixed or Removable

A

Lt bbb bdal Lol ol b e

Flexible Membrane (Rubber Balloon|

Z’?u'g“‘ roe. Void to be Filled when
External Pressure is Applied

Figure 1 — Schematic Drawing of Calibrated Vessel Indicating Principle

29
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Subgrade Preparation

24’

30’

Uniform pavement width 24’
5 miles x 5280’ = 26,400’ / 100’ = 264 Stations Subgrade Prep
264 Sta x 1.0 MGal/Sta = 264 MGal of water

31
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Non-Cohesive Cohesive
(sand) (clay)

35



Uniform pavement width 24’

1/12/2011

5 miles x 5280’ = 26,400’ / 100’ = 264 Stations Subgrade Stabilization

264 Sta x 1.0 MGal/Sta = 264 MGal of water
264 Sta x 12.5yd?3/Sta = 3300 yd? of Soil Binder (30" wide)

36
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Example Soil:
LL=50

PI1=26
#200=50%0

Chart, 3.8

-+

Chart ,_ 5.5
Sum= 9.3

NGI=9
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Ifsumofcharts1 &2 i1s <0,
then use this chart for NGI.
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Pavement Management System or Field visit Information
HMA
Rutting (mm) Cracking(%)
Cracking (%) Faulting
Rating Rating

Soils
Comments Classification Loess, NGI 9
Optimum Modulus 500

Wet Modulus 3900

Dry Modulus 3700

Frozen Modulus 20000

Traffic

. Current ADT
E yr Forecast ADT
% Heavy trucks
Predicted ESAL's

Structure Number{HMA) or Thickness{PCC) Required for ESAL's
Structure Number or Thickness Designed  (must > required)

48
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LY

O COHESIVE SUBGRADE [IBSStERNEE
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SESNCNESR COHESIVE SUBGRADE [BSSiBRNCHE
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SESNCNESR COHESIVE SUBGRADE [BSSiBRNCHE
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SESNCNESR COHESIVE SUBGRADE [BSSiBRNCHE
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Stabilized Subgrade

1920
FLYASH

1900—
VIRGIN

1880—

1860——

‘E
>
-
o
7))
c
Q
(]
>
(]

Dry density — Ib/ft’

12 13 14 15
Moisture Content - %
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Stabilized Subgrade

24’

Uniform pavement width 24’ and (5 miles x 5280’) 26,400’ long
633,600 ft2= 70,400 yd? Stabilized Subgrade Type Lime

8" depth with 5% Lime= 33 |bs/yd? (soil weighs 110 Ibs/ft3)

30’ x 26,400’ = 792,000 ft2 = 88,000 yd?

33 Ibs/yd? x 88,000 yd? = 2,904,000 Ibs = 1,452 tons of Hydrated Lime
88,000 yd? x 0.003MGal/yd? = 264 MGal of Water
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Pozzolan Stabilized Subgrades

Table 4: Atterberg Limits Results

Fine Sandy Loess/Ti

Nebraska Department of Roads Sol | Gravel | PN | Sandy [y geeg | LoeSST oy | spae
Research Project SPR-1 (06) 578 | .= [ o s e 2 g o—

rg
Limts [LL PI|LL PI|LL PI|LL PI|{LL PI|{LL PI|LL PI

Native P NP|NP NP |25 5 |31 9 |42 21|44 28|65 43

Lime
2% (NP NP | NP NP | - - - - - - - - - -
4%0- - | - - |NP NP| - - |- - |- - |- -
5%||- -|- -|- - |NP NP|NP NP|NP NP| - -

By ewll- - |- - |- |- |- |- -|In NP

Timothy T. Hensley, P.E.

Graduate Committee
Wayne Jensen, Ph.D., P.E.
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Pavement Management System or Field visit Information
HMA

Rutting (mm) Cracking(%)

Cracking (%) Faulting
Rating Rating

Soils

Comments Classification Till, NGI 8

Optimum Meodulus 30000
Wet Modulus 30000
Dry Modulus 30000

Frozen Modulus 30000

Traffic

. Current ADT
E yr Forecast ADT
% Heavy trucks
Predicted ESAL's

Structure Number(HMA) or Thickness{PCC) Required for ESAL's
Structure Number or Thickness Designed  (must > required)
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o

BEFORE
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HMeaving

VMA

Drainage

8 12 16 20
Percent Passing No, 200 Sieve
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3

Types of Aggregate Gradation

Mao. 100 Mo. 30
Mo, m| No. 50 | Mo. 16 No. 8 Mo, 4 3/8=inch 1/2-inch

e = (3) cxoo

percent finer than an aggregate size

aggregate size being considered
maximum aggregate size

parameter which adjusts curve for
fineness or coarseness (for maximum
particle density n = 0.5 according to Fuller

and Thompson)

———rren e 1wl 2uus steve muench

1/12/2011
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Types of Aggregate Gradation

MNo. 100 No. 30
MNo. 200| MNo. 50 3/8-inch  1/2-inch

A2/7

:
g

o
=

il

~

%5 mm 12.5 mm 19.00 mm

©2003 Steve Muench
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=l

Calitornia Bearing Ratio - 9%

80
60
40

N
o

| 1 i | i 1
8 10 12 14 16 18 20
t Passing No. 200 Sieve

Ngo
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D15(filt) < 20 D15(filt) > A

D 15(base) D 15(base)

D 15¢i D soity
—— < 5 —— < 25

D 85(base) i 50(base)

89



Filter Analysis for Foundation Coarse

1/12/2011

To Avoid head loss in filter. Check D =4 Project: Pri & Chi:
Crushed Concrete Type D Agoregate
Subbaze pper Limit Lower Limit per Limit Lowever Litmit
Tups i Dur | Durllige |GoodFiter]  Dgr | Dgelyo [GoodFiter] Dy | Dillige | GondFiter| O | DgolDuo | GoodFilir] Oy | DD/ | Good File
=0 nogr 0.025 4.00 YES 016 22 86 YES 0.00396 1.37 no 0.016 229 no 0.0036 1.37 no
oH ooe 0.0y 9.44 YES 016 §5.89 Yes 00096 5.33 yes 0.016 889 yes 00096 533 ==
L 0.0021 0.m7 g.10 YES 016 7619 YES 0.0096 457 yes 0.016 752 YEE 0.0096 457 =
CLmil o] es 00096 4.36 Ves 0.016 77 Yes 00098 436 B
To avold the movement of pattials from base into filter, Check D <5,
Type D Agoregste Project Data
Subbaze Upper Limit Lovwer Limit Upper Limit Lower Limit
Type Dhase Clysr DzefDhse | Good Filker Dz Dlage!Dlyse | Good Filter Dlasr DhspDyze | Good Filter Dlazr Dhsp!D4se | Good Filter Dz DysetDse | Giood Filker
=l 0.068 0.028 0.41 YES 016 235 YES 0.0096 0.14 yes 0.016 0.24 YEE 0.0096 0.14 YEE
CH 0.0035 0017 4.86 yes 016 4571 no 0.0096 274 Ves 0.016 457 Yes 0.0096 274 Yes
CL 0.01 0.m7 1.70 YES 016 16.00 no 0.0096 0.98 yes 0.016 1.60 YES 0.0096 0496 YES
Ll 00113 13.91 no 0.0096 0.53 YES 0.016 1.39 YES 0.0036 0.83 YES
To avoid the movement of partials from base into fiker, Check D, Doy < 25
Type [ Agqoregate
Subbase Upper Limit Lowver Limit Upper Limit Lowwer Limit T
Type Dag Do DD | GoodFilter | Do DappDanp | GoodFilter| Dy DappDang | GoodFilker| Doy DrappCisgp | Good Filk - [ ] Good Filter
S 0.03 0.23 7.E7 YES 0.5 1667 YES 0.044 147 yes 0.085 2493 YES 0.088 2493 B
CH 0.00225 023 10222 no 05 22222 no 0.044 19.56 yes 0.0835 39.11 no 39.11 no
CL 0.0029 0.23 793 no 05 172.41 no 0.044 1517 VES 0.088 3034 no 3034 no
CLML .0 128.21 no 0.044 11.28 yes 0.035 2256 YET | 2256 es
To avoid the movement of partials from base into filter, Check D <20
Type [ Lgoregate Project Data
Subbaze pper Limi Lowwer Limit Upper Limit Lot Limit
Type D yse Dryse D yspDysp | Good Filker | Drysp D 5pDysp | GoodFilter| D5 D ysplhysp | Good Filter| D5 Dryspllhysp | Good Filter | Drysp [ryspl g | Giood Filter
=l 0.007 0.025 4.00 YES 016 2286 no 0.0096 1.37 yes 0.016 229 YES 0.0096 1.37 YES
CH 00018 0017 9.44 yes 016 85.89 no 0.0096 5.33 Ves 0.016 589 Yes 0.0096 533 Yes
CL 0.0021 0.m7 g.10 YES 016 7619 no 0.0096 457 yes 0.016 752 YES 0.0096 457 YES
Ll 0.0022 0017 773 es 016 T2T3 no 0.0096 436 es 0.016 727 =] 00096 436 yes
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THREE TYPES
w AGGREGATE - D

= BITUMINOUS MILLINGS

= CRUSHED CONCRETE

91



AGGREGATE - D

» CONTROLLED OPERATION
Tighter Tolerances

» FINER GRADATION
Minimal-No Breakdown

= LOWER STABILITY, BUT GOOD
PERMABILITY

1/12/2011
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BITUMINOUS MILLINGS

= PRODUCED BY MILLING
OPERATION

» OPEN GRADATION
Minimal Breakdown

u GOOD STABILITY &

1/12/2011
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CRUSHED CONCRETE

CONTROLLED OPERATION, BUT
SUBJECT TO CONCRETE QUALITY
Wider Tolerances

COARSER GRADATION
Some Breakdown

VERY GOOD STABILITY, BUT
LOWER PERMEABILITY

94
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ISSUES

= GRADATIONS & STOCK PILE
MANAGEMENT

= WHERE TO PULL SAMPLES

= DENSITY

95
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GRADATIONS & STOCK
PILES
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GRADATIONS & STOCK
PILES
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GRADATIONS & STOCK
PILES
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GRADATIONS & STOCK
PILES
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GRADATIONS & STOCK
PILES
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GRADATIONS & STOCK
PILES
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WHERE TO PULL SAMPLES
= ON GRADE....NOT STOCK PILES

QA TESTING

102
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WHERE TO PULL SAMPLES
= ON GRADE....NOT STOCK PILES

= EVERY 500 TONS FIELD SAMPLES

= EVERY 2500 TONS CENTRAL LAB
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DENSITY
» AGGREGATE-D

m CRUSHED CONCRETE & BITUMINOUS
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1/12/2011
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TRAYELED Khi L SURFACED SHOULDER

L]
G2 FT. £.09E T, |
% 6/4 ATy

GRANULAR SUE-DRAIN DETAILS

View 1 = NEW CONSTRUCTION

B COWSTALGTION MOTESK
ML @ THE GRAHLILAR GLBI-OAAIN SHAlLl BE CONMSTRUCTED WITH POSITIVE DRAIMAODE.
(7} suezRece FREPARATIOM
[T DRARLLAR SUB-DAAIN SHALL BE IMETALLED AFTER aLL
@ q" FOUMDATION COLRSE SHOLLDERING A EARTH WIRK 15 COWPLETED AMD PRIDR: TO SEERIMG.
DRANLLAR SUB-DRAINS SHALL BE COMSTRUCTED AT INTERVALS OF 200' WHERE
3 @ GRAMULAR SLBDRALH k1 THE &RADE [% 1L Of OVER AHD AT [HTEAYALE aF 190' QM CRABES UWDER 1%,
{) DRANLAR SUR-DRAING SHALL BE BUILT PERPENDICLLAR TO THE CENTER LIHE.
| TRAVELED WAT SUAFACE SHOLLOER SECTION A-A
l T Ty ]
| s Imr;g'
.02 FT,
L Q.04'FT.
| |
= ' Eaf

TRAAYELED WAY

— T RE|
m“u_m “-wl" ET"LS LIHE Ak PATCH

View 2 - RETROFIT
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Urban Subdrains

1/12/2011

E" FWC PIFE SLEEYE AT [WLET

BALN OF CUAE —
(1} COMGRETE PAYEWENT _\I—‘mﬁr /g.u.L o5 FIFE UNDERORALH

=

(Z) SUBGRADE PREPARATION

I

e e

oo’
e B V- #
UNBERDRATH
(23 FILTER FRBRIC (SUBSIOLART?

FIFE UNDEFIRAIN DETAIL

(5} CRANULAR FILL (SUBSIDIARY) 7

(33 a" FoumpATION CouRSE —_‘—_'_"E ='¢ e %
N

EACE OF CURE

FACK RIOR-SHATHE GROUT
AACLAD 4" DRAIN FIPE

OETAIL OF PIPFE LMOERDAAIN AT INLET (500 COMIHTION)

Seisai]
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[Factor is compared to AASHTO road test section]

Range
0.4 (very poor) - 1.4 (Excellent)

Typical
1.0 (pore pressure relief)
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Good start with a nice granular base
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Contractor built haul road on outside
edge with full depth cohesive soils
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Had a lot of rain and the water was trapped against the haul road.
No hauling + no paving = Major delays and costs.
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Trenched out edges and you could see the water coming out.
This eventually allowed water out and with some reworking the paving
could begin.
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OUTLINE

Pavement
*Concrete (Rigid)
Cement
*ASR
«Joints
*PCC Construction
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Pavement

e NS
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Pavement

ASPHALT
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CONCRETE
RIGID Pavement

Portland Cement

Aggregate (ledge rock, gravel, sand)
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Drlling rig

To Crusher
Fach raw materia
Is stored separalely

Raw materials consist of
combingtions of limestone,

cement rock, and shale, clay,
sand,or ron ore Primary crusher

Raw materials comeyed
Secondary crusher to grinding mills W—.
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Qust

collector

Raw material feed y

N

—

u

1/12/2011

Hot gases from preheaker or clinker cocler o raw mill

o
';‘; Preheater. Hot gases from kiln heat ﬂ
., raw feed and provide about409%

x calcinafion befor fead enters kiln

Some installations include a Flash
Furnace that provides about 85% 1o 95%
rcalcmaﬂon before feecl enters kin

Materials are
stored separately
Clinker

o Tettiary air cict

Fan

Dust bin

Rotating kiln Clirker cooler e
Clinker and gypsumcomeyed —— wie
o grinding mills
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andair  High effciency
focust  seperetor

cllector (PR

Wil produict
o | end air
L

= TPrimary i from
Mmill aiFfsv.eep Qi'_ j 3
L1 Firished csment 7 s
' = epaor s :
Eﬂgggﬁ}g‘% agﬁs_lrmumlo mill : 4
Toin hich-fressue rol i ﬁ?-'{L:_ Ul U
press o prec ush clinker Ginding mill ; =
entering the bal mil Bt leze==" o - j
(optre) derttor 15 g = .« »
b sepaal 1 BKSORE  mk Bk Bx  Pakagng Tuck

fick car car  machne
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Portland cement, the basic ingredient of
concrete, is a closely controlled chemical
combination of calcium, silicon, aluminum,
iron and small amounts of other ingredients
to which gypsum is added in the final
grinding process to regulate the setting time
of the concrete. Lime and silica make up
about 85%b6 of the mass. Common among
the materials used in its manufacture are
limestone, shells, and chalk or marl combined
with shale, clay, slate or blast furnace slag,
silica sand, and iron ore.
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PORTLAND CEMENT

Type | Cement — Slow Cure These are used in “standard”
concrete. More can be added to

Type Il Cement — Slow/Med Cure  jncrease strength and set times.

Type Il Cement — Rapid Cure Used for rapid set applications
(repairs). Finely ground.
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WHAT HAS HAPPENED

137



1/12/2011

PORTLAND CEMENT

Type | Cement — Slow Cure
Type Il Cement — Slow/Med Cure
Type Ill Cement — Rapid Cure

80’s Environmental Constraints & Available materials
Higher Alkali
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ASR (Alkali Silica Reaction)
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Sufficient
Moisture

Reactive
Silica

Sufficient
Alkali
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ASR Mechanism

kng

Alkalies in Pore Alkalies Breakdown Silica Reacts with
Solution Aggregate and Release Alkalies and Absorbs

Reactive Silica Water to Produce
Expansive ASR Gel

OH-

Na*
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Not Practical

In Nebraska

1/12/2011

Mitigation Measures

/—
— Eliminate one of necessary components

Use non-reactive aggregates
Limit the alkalies in cement and concrete

Limit the ingress of water

A

N

— Use of Supplementary Cementitious
Materials

Elvs Ach
] Iy \oll

Slag
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PORTLAND CEMENT

Type IPF Cement
Type I/ll Cement (Slow/Med Cure)
“F” is Fly Ash Class F (25% replacement)
Mitigates ASR at the Chemical Level
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CONCRETE

Classes of Concrete used today

145



CONCRETE

HISTORY
1947 — Mix design of current concrete
47B-3500
6 Sacks mix (564 lbs of cement)
3500 psi in 28 days
30% Limestone, 70% Sand/Gravel

1/12/2011
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Class of Concrete

47B
47/BD
PR1
PR3
SF
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Concrete Mixes (Cubic Yard Batch)

am;a Total 5-Cay

anew | omt | oot | e | o | v | me | Chen | ke | Re | %o | wercom | gounam) | CRwme | Seogn
)] Tpe* | (Mindoiey) | (MR DY) | pantbky) | Mn by | (M lbky M. lbiay) Mn.loky) | M. lbhy) (3] Aga. 2 14) (Min. pl)
478" 1PF | 423 141* 0 0 0 bbd 2840 380 | 3043 | Limestone | 7.5-10.0 0.48 3500
8™ | 1PF | 423 141 0 0 0 bbd 2840 380 | 3043 | Limestone | 6.0-100 0.48 3500
478D 1PF | 494 164 a a I G5 2500 3000 | 3043 | Limestone | B0-10.0 042 4000
FR1 il 752 0 0 0 0 752 2500 2950 | 3043 | Limestone | 6.0-100 0.3 3500
PR3 I 7599 0 0 0 0 759 2500 2950 | 3043 | Limestone | 6.0-100 0.45 3500
aF il b4 0 0 0 25 559 2840 3200 | 5043 | Limestone | B.0-100 0.3 3500
47BHE | 1PF | &b4 188 0 0 0 752 2500 3000 | 3043 | Limestone | 6.0-100 0.40 3500
B 1PF | 423 141 0 0 0 bbd 2840 340 0 0@ B.0-100 0.48 3500

(1) Each class shall identify the minimurm strength requirement. (Far example, 47B-3500, where the last four digits indicaT8TTE SRR in pounds per square

= G
= ==

T
—

43 =

inch. Inthe chart, strength of 3500 psiis indicated fro 478-3500; hawever, ather strengths may be authorized elsewhere in the contract. The classes
shown in the chart are typical examples.

All clagges of concrete shall be air-entrained.

A slump test shall be performed to check for consistency andfor workability. Any increase in slump must be pre-approved by the Engineer,

A water reducer admixture shall be used at the manufacturer's recammendatians.

As determined by ASTM C 1353 or ASTM C 231,
Cnarse aggregate shall be limestone unless atherwise specified.

The Contractor is respansible to adjust the water/cement ratio so that the concrete supplied achieves the required compressive strength without exceeding
the maximum waterfcement ratio. The minimum water/cement ratio for any slip form concrete pavement is 0.38.

Single aggregate (sand-gravel) used for these classes of concrete.

Mixes with Type 1PF and Class F fly ash designation are pre-blended or interground with Class F fly ash by the cement mill producer at a rate of
25%+2%, no additional Class F fly ash is added at the batch plant.

For slip form applications.
For hand-pours and substructures applications.
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Air System in PCC

I MEASURESUP =™

WYt Pabiton 1Y
Forvmad et VIR
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PORTLAND CEMENT

Improve design for controlling moisture and load related issues

Foundation Courses
Granular Drains
Dowel Bars

30’ Tops

Joint Sealing
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CONCRETE DESIGN PROPERTIES

Elastic Modulus (E.) vs. Resilient Modulus (M,)

M, is a measure of stress vs. strain which is typically used
for materials that can be permanently deformed from
loading, such as soils or flexible pavement.

E. is a fundamental engineering measurement of stiffness
and is used for concrete design because loading of PCC
does not cause permanent deformation (rigid).

E. is based directly from compressive strength.

______

f'. is compressive strength
(typically at 28-days)
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CONCRETE DESIGN PROPERTIES

E. = 57,000(f.)°>
If . =3500 psi, then E, =3,372,165 psi

Traditionally we have achieved f', =5174 psi
average 28-day strength on 47B-3500 mixes
which results in

E. =4,100,000 psi

1/12/2011
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CONCRETE DESIGN PROPERTIES

Modulus of Rupture (Flexural Strength)

Third-Point loading at 28-days
Traditionally we use

S, =710 psi

Seeing current averages closer to 680psi

1/12/2011
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Concrete Paving
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Concrete Paving
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JOINTS
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Dowel Bar
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Load Transfer Coefficient, J

Doweled PCC mainline w/tied Concrete Shoulder 3.0
Doweled PCC mainline w/widen section (28’-30") 3.1
Doweled PCC mainline w/asphalt or turf shoulder 3.2

Non-Dowele inline w/tied concm

Non-Doweled PCC maintine Ww/asphalt—or-tutf shoulder 4.1

Recommend using Doweled PCC
For new build designs
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Concrete Paving
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Auger Strike off Vibrators Tamper

Concrete head \

Profile pan

/

e Paving direction Sid\e form
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Hot Pour Sealant

Reservoir & Crack
stored water

Joint Seal

1/12/2011
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Joint Seal
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WHITETOPPING
&
CONCRETE OVERLAYS
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Existing HMA

174



1/12/2011

175



1/12/2011

176



1/12/2011

177



1/12/2011

178



1/12/2011

179



1/12/2011

180



1/12/2011

4”NewPCC i e A

10” Existing HMA
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NewPCC ~ NewpcC

Existing HMA
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)
5
L
>
b
=
22
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Existing HMA
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NEW PCC Az
' ' - NEW PCC

 Existing PCC
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DE:un:kEg,.le

Eurr oak
(=]

GWEsteruille

Mason City

Litchfield
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Pavement, cont’'d. OUTLI N E

*Asphalt (Flexible)
*History of HMA
PG Binders
*HMA Construction
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ASPHALT

FLEXIBLE Pavement

Binder (asphaltic cement)

Aggregate (ledge rock, gravel, sand)
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ASPHALT
PRIOR TO 1970's

Asphalt Cement
Penetration Test (40-50 = stiff)

Method Spec Mixes
Bituminous Sands & Soll Aggr. Bases
Bituminous Mats & Surface Course
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ASPHALT
PRIOR TO 1970's

Picture bit sand
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ASPHALT

1970's to early 1990’s

Asphalt Cement
Viscosity Test (A-5, A-10, A-20)

Marshall Mixes
Type B, A, BC, BF, C, AX....
No angularity-round aggregate

- o~ m = onm A o~

Performed good through 80
Tire Pressures 70pSI

S.
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ASPHALT

1970’s to early 1990’s
Picture type B asphalt
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ASPHALT

Early 1990’s to 1999

Asphalt Cement
Viscosity Test (A-5, A-10, A-20)

Marshall Mixes

Type 7, 17, 4, 14, 11, 13....
Volumetrics

VMA, VFA... still no angularity

Severe rutting
Tire Pressures 120psi
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ASPHALT
1999 - Current

Performance Graded Binders
PG 58-28, 64-28, 70-28....

SuperPave Gyratory Mixes

SRR SEESE SR g
OGFC & GGCRM

Volumetrics & ANGULARITY
VMA, VFA, FAA, CAA

Performing very good
Tire Pressures 120psi, but may increase

1/12/2011
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ASPHALT
1999 - Current

Picture of SuperPave
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VMA — Voids in Mineral Aggregate

VFA — Voids Filled with Asphalt

Air Voids — Voids not filled with asphalt

D/B — Dust to Binder ratio
FAA — Fine Aggregate Angularity

CAA — Coarse Aggregate Angularity

1/12/2011
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Volumetrics

e N initial, 10
(# of blows to get voids at initial compaction)

WHY 7?77

(# blows to get voids at design)

e N design, 96

e N max, 152
(blows to get to the pavements end of life)
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PG Binder

(Asphaltic cement)
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PG 64-34

PG = Performance Graded

64 = 64°C (147°F)

-34 = -34°C (-29°F)

233



Mixed at 325°F
(traditional Hot

Mix Asphalt)

Warm Mix
Asphalt as low
as 250°F

1/12/2011
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Gradations

Gradation Bands
(Max Stone Size)

%" = 0.5” Band

3/¢” = 0.375” Band

3/," = 0.19” Band

Smaller the Stones = More Surface area =More Binder
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No Lime added 1% Lime added
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COLD FEED

INCLINE CONVEYOR

TURBO DOUBLE BARREL

RECYCLE BIN
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ASPHALT

Paving pictures
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ASPHALT

Paving pictures
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e Pavement Fabrics
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Asphaltic Concrete

Pay ltems

Asphaltic Concrete, Type SP-4....
Paid by the Ton

Hydrated Lime for Asphalt Mixture
Paid by the Ton

Performance Graded Binder
Paid by the Ton

Tack Coat
Paid by the Gallon

1/12/2011
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8" SP-4
0.5” Band
PG 64-28

SRUIIES

Uniform pavement width 24’ and (5 miles x 5280’) 26,400’ long
633,600 ft2 x 8"= 422,400 ft3
422,400 ft3 x 143 Ibs/ft3 = 60,403,200 Ibs = 30,202 Tons of SP-4

30,202 tons x 0.054 = 1631 Tons of PG 64-28
633,600 ft2 = 70,400 yd?
70,400 yd? x 0.05 Gal/yd? x 2 = 7,040 Gals of Tack Coat

1/12/2011
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Pavement, cont’d.

*Recycling
*Partial Depth HMA
*Full Depth HMA
*PCC Recycling

OUTLINE

1/12/2011
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TYPES OF RECYCLING
Partial Depth

Controlled Depth, typically 4 to 5”
Only want bound materials and not unbound base materials

Full Depth

Full depth of pavement structure
Typically includes a pre-determined amount of unbound base

259



1/12/2011

CHEMICAL BITUMINOUS

MECHANICAL
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1)EXISTING PAVEMENT
STRUCTURE

Type of pavement layer

Age of each layer

Thickness of each layer

Other bound layers & unbound layers
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Project #

C.N

Location

Hwy #

Ref Posts

Date

Prepared by BV

2000

1990

1980

1970

1960

Year Constructec

1950

1940

1930

1920

HISTORY OF A ROADWAY

STPD-9-4(113)

Mainhge Profile Summary:

1/12/2011

Shoulder Profile Summary

31512 2004 Armor Coat \
In Emerson 1998 3" Typel11 on 2" Recyc
9 1981 2" Asph B on 1" Asph B
29.00 - 35.00 1972 3" Asph + 6" Asph Shidr,
1/8/2007 1958 4" BSBC + 3" Asph

1929 Grading & Gravel /

1972 6" AC Shldr

Pa ent Histogram
L - 4
- * &>
i * ¢
i L 4 <
T *
28.5 30.5 325 345
Ref Post

e ()20 Grading & Gravel

emfem—=1{G31 2" Asph B on 1" Asph BF

1053 4" BSBC + 3" Asph

1998 3" Type11 on 2" Recyc

—e—1G72 3" Asph + 6" Asph Shldr

2004 Armor Coat

262



1/12/2011

2) TYPE OF DISTRESS
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Pavement Management

Pavement M

gement

System

Pavement Management Data

Exception
Design Except

=

Except Date

Vert Curve Def

B

Cost/LnMile = Accidents

Previous Year 5 Year Avg

e

Strategy

Optimum Year

2021
Critical Year
2025

Under Const

o

Section Type:

Pavement

Status
Indicator

Fatal Acc Fatal Acc
\ v v
Injury Acc Injury Acc

1 [ 1

Property Acc Property Acc

Dist Num HwyNum Beg Retf Post End Ref Post  Dir Length Type Age Lanes
06 | o0z [ ze81a | 238680 | B 1055 |1 3 2
Trvlwy I hould ]
Location Description Wdth  Topwdth Surfwdth CondRing Slope
[HALSEY-DUNNING 24 10 8 9
NSI Condition Ratings Traffic
NSI PSI Rut Depth ADT TADT 5YrAve
[ 92 [ 12 [ za2 ||] 1023 | 191 || s273.00
NSI Date IRI Faulting 20yt ADT 20yr TADT Prev FY Cst
| 57472008 [ 095 | 0 [ 1329 | 248 | [ s553.00
Low NSI Profile Date
\ 96.85 [ &72a/2009 Hwy 002 By Hwy ASC

Programmed Surface Related Projects (Only First Three Shown)

Control No.

Pgm Year Work Description

Location

e

|Pﬂvam9nl Sections

Load Date: (2372010

Press the Print Scrn key on
your keyboard to print this

screen

Proj Num

Beg RP

Previous

Bottom

Cross Section
Mandli Link

Map Section

Open Pathway
Browser

Open Log Book

Return

End RP  Proj Length

b \

112.570 | 127.570 | B |[LAKESIDE-BINGHAM 2 i i AC. TYPE SP2(
002 127570 | 132.850 B |BINGHAM EAST 534| 2 ASPH 131 0o 0.0 [} 0.0 |AC. TYPE 14 | BIT
002 132.850 | 137.130 | B |ASHBY WEST 425( 2 ASPH 07 0.0 0.0 0.0 0.0 [AC. TYPE SP4(|BIT
002 137.130 | 145440 B |ASHBY-HYANNIS 835 2 ASPH 481 0o 0.0 [} 0.0 |BIT SAND BAS |UNK
002 145.440 | 159.050 | B |HYANNIS-WHITTMAN 1360 2 ASPH 16.3 0.0 0.0 0.0 0.0 [AC, TYPE 7 BIT
002 159.050 175040 B |WHITTMAN EAST 1595| 2 ASPH 192 0o 0.0 [} 0.0 |AC. TYPE B UNK
002 175.040 | 184.260 | B |MULLEN WEST 9.24| 2 ASPH 25.2 0.0 0.0 0.0 0.0 [AC. TYPE 14 |EML
002 184.260 | 184890 B |MULLEN 60| 2 CONC 0o 0o 100.0 100.0 10.0 |6" CONC PAVE UN
002 184.890 | 188.200 | B |MULLEN EAST 332| 2 ASPH 26.1 0.0 0.0 0.0 0.0 [AC. TYPE 14 |EML
002 188.200 | 194.970 B |SENECAWEST 6.81| 2 ASPH 13.0 0.0 0.0 0.0 0.0 |AC. TYPE SP3( BIT
002 194.970 | 202.090 | B |SENECA EAST 710( 2 ASPH 1938 0.0 0.0 0.0 0.0 |AC. TYPE B UNK
002 202.090 | 203.520 B |RXR VIADUCT AREA 1.44| 2 ASPH 17.0 0.0 0.0 0.0 0.0 |AC, TYPE AX BIT
002 203.520 | 206.750 | B |THEDFORD WEST 323| 2 ASPH 73 0.0 0.0 0.0 0.0 [AC. TYPE SP2(|BIT
002 206.750 | 211.040 B |THEDFORD WEST & EAST 430 2 ASPH 194 0.0 0.0 0.0 0.0 |AC. TYPE AX BIT
002 212.200 | 222100 | B |THEDFORD EAST 986( 2 ASPH 153 0.0 0.0 0.0 0.0 [AC. TYPE 14 |BIT
002 222.100 | 228.140 B |HALSEY WEST & EAST 610 2 ASPH 5.7 0.0 0.0 0o 0.0 |AC. TYPE SP3( BIT
» 002 228140 | 238680 | B |HALSEY-DUNNING 1055| 2 ASPH 04 0.0 0.0 0.0 0.0 [AC. TYPE SP4(|BIT
002 238.680 | 247.310 B |DUNNING-CUSTER CL 861 2 ASPH 275 0.0 0.0 0.0 0.0 |AC. TYPE A
nn? 247 20| 2RR NAN [ R [PHIRTFR M1 -ANSFI MO il 2 ARPH 113 nn nn nn nnlar epaep
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Pavement Management

1/12/2011

Pavement Management System

Pavement Management Data

Exception
Design Except

Strategy

Pavement To,
Optimum Year gyars P

f Next
Dist Num HwyNum Beg Ref Post End Ref Post  Dir Length Type Age Lanes Except Date PSTO I ety —
Previous
[ [ ooz [ 1s7i30 | 145440 [ B 835 [1 33 2 || Critical ear o
Trvlwy ‘ ‘ PSTC Bottom
Location Description Wdth  Tarwdih Surfwdth CondRtng Slope Yert Curve Def
[ASHEY-HYANNIS 24 8.5 25 5 >4:1 Under Const
NO Cross Section
NSI Condition Ratings Traffic Cost/LnMile | Accidents
NSI PSI Rut Depth ADT TADT 5 Y1 Ave Previous Year 5§ Year Avg Mandli Link
- | 26 | 57 | 848 ‘ 140 | $894.00 Fatal Acc Fatal Acc Section Type: Map Section
NSI Date IRI Faulting 20yr ADT  20yr TADT Prev F Cst \ [ 0 | [Pavement Sections Open Pathway
| &r9s2009 [ 299 | o 1102 | 182 [ $393.00 Injury Acc  Injury Ace | Load Date: [2/3/2010 Browser
Low NSI Profile Date 0 0 Press the Print Scrn key on Open Log Book
| 48.35 ‘ 672972009 Hwy 002 By Hwy ASC Property Acc Property Acc | Your keyboard to print this m —
screen. Return
1 1
Programmed Surface Related Projects (Only First Three Shown)
Control No. Pgm Year Work Description Location Proj Num Beg RP End RP  Proj Length
1 61326 [2010 |GR CULV RESURF S-SHLD [ASHBY - HYANNIS [NH-2-2(115) [13za [145.54 [8.47
z | \ \ \ \ | | \

* | |

0.0 0.0 0.0

ooz 55270| 66.140| B |JCT N71-HEMMINGFORD 1099 | 2 ASPH i 0.0 0.0 |AC. TYPE SP4 |BITU
oo2 66.140 | 67.320| B HEMMINGFORD 116 2 ASPH 17.8 0.0 0.0 0.0 0.0 |AC. TYPE SP2( BITL
002 67.320| 77.190| B HEMINGFORD-BEREA 9.88| 2 ASPH 23.1 0.0 0.0 0.0 0.0 |AC. TYPE 14R |UNK
002 77.190| 77.470| B BEREA-N JCT US385 28 2 ASPH 0.0 0.0 0.0 0.0 0.0 AC. TYPE 14 |UNK
002 65.300 | 86.000 | A ALLIANCE J0| 4 CONC 0.0 5.0 35.0 100.0 0.0 |230MM/9"DOW AGC
on2 85.300 | 86.000| D ALLIANCE J0) 4 CONC 0.0 5.0 45.0 100.0 0.0 230MM/9"DOW AGC
002 86.000| 87560 A |ALLIANCE 154 4 COMP 200 0.0 0.0 0.0 0.0 |AC. TYPE RAX [COM
on2 86.000| 87560 | D ALLIANCE 154 4 COMP 250 0.0 0.0 0.0 0.0 |AC. TYPE RAX COM
0oz 87.660| 88.020 | B |ALLIANCE VIADUCT A6| 2 CONC 0.0 0.0 6.0 100.0 0.0 [10" CONC PAVI|UNK
ooz 88.020| 95660 B ALLIANCE EAST 762 2 ASPH 29 0.0 0.0 0.0 0.0 |AC. TYPE SP2( BITL
ooz 95660 | 101.410| B | ANTIOCH WEST 575 2 ASPH 233 0.0 0.0 0.0 0.0 |AC. TYPE A UNK
ooz 101.410| 112,570 B LAKESIDE WEST & EAST 11.13| 2 ASPH 383 0.0 0.0 0.0 0.0 |AC. TYPE A-X |UNK
002 112,570 127.570| B |LAKESIDE-BINGHAM 15.00| 2 ASPH 3.5 0.0 0.0 0.0 0.0 |AC. TYPE SP2(|BIT
002 127,570 | 132.850 B |BINGHAM EAST 534 2 ASPH 131 0.0 0.0 0.0 0.0 AC. TYPE14 |BIT
002 132.850 | 137.130| B |ASHBY WEST 425 2 ASPH 0.7 0.0 0.0 0.0 0.0 |AC. TYPE SP4(|BIT
3 002 137130 145.440 | B | ASHBY-HYANNIS 835 2 ASPH 48.1 0.0 0.0 0.0 0.0 |BIT SAND BAS |UNK
002 145.440 | 159.050 | B |HYANNIS-WHITTMAN 13.60| 2 ASPH 16.3 0.0 0.0 0.0 0.0 |AC. TYPE 7
on2 159.050 | 175.040 0 B 'WHITTMAN EAST 1595 | 2 ASPH 192 0.0 0.0 0.0 0.0 AC. TYPE B
nn? 17enan| 14260 R [ ENWERT asal 2 ACDH 2R 2 nn nn nn nnlar TVDF 14
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3) CONSTRUCTIBILTY ISSUES
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4) FUNDING $$$$$$355$$

~
I

D s
~
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Falling Weight
Deflectometer

(FWD)
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Project
Information Pavement Rating Scale |Subgrade Rating Scale
Beatrice West <150000 Very Weak <2000 WVery Weak
11981 150000-250000 2000-3000
Tested B/14/06 250000-350000 Marginal 3000+ Strong
350000-450000 Strong
=450000 Very Strong
Reference Pavement Pavement Subgrade Subgrade
Post Modulus Rating Modulus Rating
144.101 223952 3598 Strong
144.101 236789 3467 Strong
144.21 332965 Marginal 4226 Strong
144.21 335963 Marginal 4106 Strong
144.299 471798 VS 4579 Strong
144.299 459172 VS 4588 Strong

PR

W5

219403

i Strong

1/12/2011

144599

215260

3801 Strong
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PARTIAL DEPTH RECYCLING

3” New HMA
4” Recycled Material
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PARTIAL DEPTH
STRATEGIES USED IN

NEBRASKA
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|_arge/Heavy trains are used
«Strong base required!

*Adding Hydrated Lime & Emulsified
Asphalt, then laying with paver
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Compute HLSS only for mainline
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Weather and Liquidated Damages
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Hydrated Lime Slurry Stabilization

How critical is the 60°
specification?
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How critical is the 7
days of cure?
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Hydrated Lime Slurry Stabilization

Can or should the surface
be fog sealed?
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How critical i1s it to cover the
roadway in 28 days?
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Hydrated Lime Slurry Stabilization

3” SP-4

Uniform pavement width 24’ and 5 miles long

5 miles x 5280’ = 264 Stations of HLSS

264 Sta x 0.9 tons/sta = 238 Tons of Lime (4” depth)

264 Sta x 245 gal/sta = 64,680 Gals of Emulsified Asphalt
633,600 ft2 = 70,400 yd?

70,400 yd? x 0.10 Gal/yd? = 7,040 Gals of Fog Seal
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Grade raises?
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BENEFITS OF GROWTH
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PP
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FULL DEPTH RECYCLING

| 3" NEW HMIA

10" NEW RECYCLED BASE
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COHESIVE SOILS UNDER
PAVEMENT

(CLAYS — SILTS — LOESS)

FLY ASH OR CEMENT
STABILIZATION
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FLY ASH STABILIZED BITUMINOUS
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Calibrate Nuclear
Gauge
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Temperature Is important
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Required to be done in a single pass
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FIy Ash Stabilized Bituminous

10” Fly Ash Stabilized Bit

*Fly Ash Stabilized Bituminous
Paid by the Station

*Fly Ash
Paid by the Ton

Water
Paid by the MGallon

*Fog Seal
Paid by the Gallon

1/12/2011
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FIy Ash Stabilized Bituminous

10” Fly Ash Stabilized Bit

Uniform pavement width 24’ and 5 miles long
5 miles x 5280’ = 264 Stations of Fly Ash Stabilized Bituminous
633,600 ft2 x 10" =528,000 ft3

528,000ft3 x 144 Ibs/ft3 =38,016 tons RAP

38,016 tons x 0.10 = 3,802 Tons of Fly Ash (10% ash 1

San e e S

sed)
528,000ft3 x 5%=26,400 ft3 of Water

26,400ft3 x 62.4 |bs/ft3 = 1,648 MGallons of Water

70,400 yd? x 0.24 Gallyd? = 16,895 Gals of Fog Seal

1/12/2011
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Fog Seal within 2 hours.
= Continued hydration (strength gain)

© Better paint surface

~ Reduces raveling,
BUT raveling WILL occur

= Better surface for asphalt bond
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Adjust dilution?

= 1:1 can pick up under traffic,
may need 2:1

= Keep application rate,
material is absorptive

= Multiple applications may be
necessary
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MOSTLY COHESIVE SOILS UNDER
PAVEMENT
(CLAYS-SILTS, SOME GRANULAR)

LOW VOLUME ONLY

MECHANICAL STABILIZATION
(WATER & POSSIBLE AGGREGATE)
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FULL DEPTH PULVERIZATION
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GRANULAR SOILS UNDER
PAVEMENT
)

BITUMINOUS
STABILIZATION
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COLD IN-PLACE RECYCLING-
BLADE LAYED
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Trimming

“We’re just going to touch it”
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Trimming
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Fly Ash Stabilized Bituminous
Matzke Hwy
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Fly Ash Stabilized Bituminous
Laurel N-15
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4” Hydrated Lime Slurry Stabilization
N-20
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Crack and Seat
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Rubbilizing Concrete
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Laad

Surface

{©2003 Steve Muench
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Load
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AP
log
42-15
log 7,y )= 2, xS, +9.36xlog,, (WW+1)-0.20+4 i +2.32xlog g (M)~ 8.07
040+ ——
(SV+1)"
Wi = predicted number of 830 kN (18,000 |b.) ESALs
£e = standard normal deviate
5, = combined standard error of the traffic prediction and
perfarmance prediction
SM = Structural Mumber {an index that iz indicative of the

total pavement thickness required)
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Axles

Single-Axle Single-Tire
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Axles

Single-Axle Dual-Tire

Equivalent Single-Axle Load (ESAL)
18,000 Ibs

373



1/12/2011

Load Equivalency Factors

1 1
) )
A\ \ 1\ R\

Axle Load, Ibs Load Equiv. Factor (LEF)
<3,000 0.0002

8,000 0.0340
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Truck Factors
Truck Type Truck Factor

2-Axle, 4-Tire 0.0122
2-Axle, 6-Tire 0.1890
3-Axle Semi 0.8646

Axle Semi
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Type
\V/<1g

2-Axle
4 Tire

2-Axle
6 Tire

4-Axle
Semi

5-Axle

Semi

Example ESAL Calculation

ADT 9 Days | GF 20 yr TF ESALs
HT Peryr Traffic

3,000 0.03 365 243 /798,255 0.0122 9740

3,000 0.05 365 243 1,330,425 0.1890 251,450

3,000 0.02 365 [24.3| 532,1/0 0.8646 460,114

3,000 O. : 2,660,850 2.3719 6,311,270

7,032,574

1/12/2011
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Pavement Management

Pavement Management System

Exception Strategy

Pavement Manage ment Data Dosign Except (L Pavement Top

Status
R Next
Dist Num HwyNum Beg Retf Post End Ref Post  Dir Length Type Age Lanes 20zl (s —

06 [ o002 [zzera0 | zsssa0 (B [10ss [1 |6 [z ’w STl Vern Previous
Triwy hould ‘ 2025 Dol

Location Description Wdth  Topwdih SurfWdth CondRtng Slope ¥ert Curve Def
‘HALSEY*DUNNING 24 10 8 q »4:1 Under Const e
NO Cross Section

NSI Condition Ratings r Traffic Cost/LnMile = Accidents 5
NSI PSI Rut Depth ADT TADT 5 Yr Ave Previous Year 5 Year Avg Mandli Link
92 42 2.42 1023 191 $273.00 Fatal Acc Fatal Acc Section Type: Map Section
NSI Date IRI Faulting 20yt ADT  20yr TADT Prev FY Cst \ v 0 [Pavement Sections Open Pathway
| 57472008 [ 095 | of || 1329 | 248 $553.00 Injury Acc  Injury Acc | Load Date: [2;372010 Browser
Low NSI Profile Date k ") i i Press the Print Scrn key on Open Log Book
‘ 96 85 [ “8s2972008 Hwy 002 By Hwy ASC Property Acc Property Acc | Your keyboard to print this =

’—[l '—[I screen Return
Programmed Surface Related Projects (Only First Three Shown)
Control No. Pgm Year Work Description Location Proj Num Hﬂ RP End RP  Proj Length
1 | | : —
2 | | | If you're project is on the NHSwe |

3 | | | may have the data you need.

mmm- Location Length [Thru [|Surf Typ Crkn Bad Juln Bad Panw JJoint Se Repair . |Surf Desc S
002 112570 | 127.570 | B |LAKESIDE-BINGHAM 15.00| 2 ASPH ! ! ! 0.0 |AC, TYPE SP2( BIT
ooz 127570 | 132.850 B BINGHAM EAST 534 2 ASPH 13,1 [I,I] [I,[I [I,[I 0.0 /AC. TYPE 14 BIT
002 132.650 | 137.130 | B |ASHBY WEST 425 2 ASPH 0.7 0.0 0.0 0.0 0.0 |AC, TYPE SPA(|BIT
ooz 137.130 | 145440 B ASHBY-HYANNIS 835 2 ASPH 481 0.0 0o 0.0 0.0 |BIT SAND BAS UNK
002 145.440 | 159.050 | B |HYANNIS-WHITTMAN 1360| 2 ASPH 16.3 0.0 0.0 0.0 0.0 |AC, TYPE 7 BIT
002 159.050 | 175.040 B WHITTMAN EAST 1595| 2 ASPH 192 0.0 0.0 0.0 0.0 AC. TYPE B UNEK
002 175.040 | 184.260 B |MULLEN WEST 9.24| 2 ASPH 25.2 0.0 0.0 0.0 0.0 |/AC, TYPE 14 |EML
002 184.260 184890 B MULLEN 6D 2 CONC 0.0 0.0 100.0 100.0 10.0 6" CONC PAVE UN
002 184.890 | 188.200 | B |MULLEN EAST 332 2 ASPH 26.1 0.0 0.0 0.0 0.0 |AC. TYPE 14 EML
002 188.200  194.970 B SENECA WEST 6.81 2 ASPH 13.0 0.0 0.0 0.0 0.0 AC, TYPE SP3( BIT
002 194.970 | 202.090 | B |SENECA EAST 710 2 ASPH 198 0.0 0.0 0.0 0.0 |AC. TYPE B UNK
002 202.090  203.520 B RXR VIADUCT AREA 144 2 ASPH 17.0 0.0 0.0 0.0 0.0 AC, TYPE AX BIT
002 203.520 | 206.750 | B |THEDFORD WEST 323 2 ASPH 73 0.0 0.0 0.0 0.0 |AC. TYPE SP2( | BIT
002 206.750  211.040 B THEDFORD WEST & EAST 430 2 ASPH 194 0.0 0.0 0.0 0.0 AC, TYPE AX BIT
002 212.200 | 222100 B |THEDFORD EAST 986 2 ASPH 153 0.0 0.0 0.0 0.0 |AC. TYPE 14 BIT
002 222.100 | 228.140 B HALSEY WEST & EAST 610 2 ASPH 5.7 0.0 0.0 0.0 0.0 AC, TYPE SP3( BIT

» 002 228.140 | 238680 B |HALSEY-DUNNING 1055| 2 ASPH 04 0.0 0.0 0.0 0.0 |AC. TYPE SPA( |BIT
002 238.680 | 247.310 B DUNNING-CUSTER CL 8.61 2 ASPH 275 0.0 0.0 0.0 0.0 AC, TYPE A
< nn? 247 210 | PRR NAN | R [CHISTER C1_ANSFI M0 sl 9 ACPH 11 nn nn nn nnlar epacp 2
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RIGID

Pavement Design
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MODULUS OF SUBGRADE REACTION = k-Value

Combination of four different factors to calculate k-value:

1) Sub-base Types
The modulus for each layer of sub-base must be considered.
[Soil subgrades, foundation courses......]

2) Sub-base Thickness
The thickness of each of the layers must also be identified

3) Loss of Support, LS
A value given for potential erosion of sub-base material.

4) Depth to rigid foundation

Typically in Nebraska, this value is much greater than 10-feet.
However, if within 10-feet; then needs to be design for.
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k-Value

1) Recommend minimum of 4 composite k-Values be used:
Winter
Spring
Summer
Fall

383



Season Subgrade M, Base M,
Natural soils Foundatlon Course

Winter
Spring
Summer
Fall

20000 psi
4500 psi
6800 psi
5600 psi

22000 psi
22000 psi
22000 psi
22000 psi

Comp05|te
k-value

Relative
Damage

1/12/2011
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Season | Subgrade M, Base M, Composite
k-value

Winter
Spring
Summer
Fall

20000 psi
4500 psi
6800 psi
5600 psi

22000 psi
22000 psi
22000 psi
22000 psi

800 pci
200 pci
300 pci
250 pci

Relative
Damage

1/12/2011
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k-Value

1) Recommend minimum of 4 composite k-Values be used:
Winter
Spring
Summer
Fall

2) Determine Relative damage for each season based on projected slab
thickness.

The higher the k-value (stronger base) the less damage allowed
to the slab.

The thicker the slab the flatter the damage curve (slab can
“bridge” over weaker sections)

1/12/2011
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Season | Subgrade M, Base M, Composite
k-value

Winter
Spring
Summer
Fall

20000 psi
4500 psi
6800 psi
5600 psi

22000 psi
22000 psi
22000 psi
22000 psi

800 pci
200 pci
300 pci
250 pci

Relative
Damage

1/12/2011
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Relative Damage
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k-Value

Season | Subgrade M, Base M, Composite Relative
k-value Damage

Winter 20000 psi 22000 psi 800 pci

Spring 4500 psi 22000 psi 200 pci 60
Summer 6800 psi 22000 psi 300 pci 50
Fall 5600 psi 22000 psi 250 pci 55
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k-Value

1) Recommend minimum of 4 composite k-Values be used:
Winter
Spring
Summer
Fall

2) Determine Relative damage for each season based on projected slab
thickness.
The higher the k-value (stronger base) the less damag
to the slab.
The thicker the slab the flatter the damage curve (slab ¢
“bridge” over weaker sections)

3) Using average relative damage for all sections back calculate the k-
value based on projected slab thickness.
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Relative Damage
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k-Value

Season | Subgrade M, Base M, Composite Relative
k-value Damage

Winter 20000 psi 22000 psi 800 pci

Spring 4500 psi 22000 psi 200 pci 60

Summer 6800 psi 22000 psi 300 pci 50

Fall 5600 psi 22000 psi 250 pci 55
Sum Damage= 193

Average Damage=  48.25
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k-Value

1) Recommend minimum of 4 composite k-Values be used:
Winter
Spring
Summer
Fall

2) Determine Relative damage for each season based on projected slab
thickness.
The higher the k-value (stronger base) the less damag
to the slab.
The thicker the slab the flatter the damage curve (slab ¢
“bridge” over weaker sections)

3) Using average relative damage for all sections back calculate t
value.

4) Final step is to correct for Loss of Support due to erosion
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k-Value

Season | Subgrade M, Base M, Composite Relative
k-value Damage

Winter 20000 psi
Spring 4500 psi
Summer 6800 psi
Fall 5600 psi

Back ¢

22000 psi
22000 psi
22000 psi
22000 psi

800 pci

200 pci 60
300 pci 50
250 pci 55
Sum Damage= 193

Average Damage=  48.25

culate k-value from average damage= 340 pci

Correct for Loss of Support (LS=1.0) -
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Loss of Support
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k-Value

Season | Subgrade M, Base M, Composite Relative
k-value Damage

Winter 20000 psi
Spring 4500 psi
Summer 6800 psi
Fall 5600 psi

Back ¢

22000 psi
22000 psi
22000 psi
22000 psi

800 pci

200 pci 60
300 pci 50
250 pci 55
Sum Damage= 193

Average Damage=  48.25

culate k-value from average damage= 340 pci

Correct for Loss of Support (LS=1.0) -
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The ability of the pavement to provide service for the users.

Terminal Serviceability

Recommend for lower volumes

Design Serviceability Loss

APSI = Initial — Terminal
=45-2.0
=25
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Reliabilit

A predetermined level of assurance that the pavement will
survive the design period.
Typically use functional classification to determine % Reliability

NDOR Uses:

80%0 Expressway
75%0 Highway >3000 ADT
70%06 Highway <3000 ADT
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Standard Deviation

The are several references of standard deviations for each level of
reliability, but we want to use the
Overall Standard Deviation

2 Standard Deviation = 9596 of data

‘ |

0 X
LCepynght, Robert Miles, hillp feiviorcherndes comistalsstdev ehilml
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Standard Deviation

The are several references of standard deviations for each level of
reliability, but we want to use the
Overall Standard Deviation

Rigid Pavements 0.30 - 0.40
Flexible Pavements 0.40 - 0.50

Future Traffic / \ Future Traffic Not

Considered Considered

NDOR Uses:

RIgIO 0.35
Flexible 0.45
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7,000,000

406



Rigid Design Inputs

Thickness based off ESAL's Ve

Hiiexr,

Expected Performance Years Base Type

No. lanes Base Thickness

% Trucks in Design Lane ™ Depth to Bedrock

% Trucksin Design Direction Project Slsb Thickness
Awve. Initial Truck Factor _-_-_ | Loss of Suppnrtl_-

Annual Truck Factor Growth Rate Reliability Level

Annual Truck Volume Growth Rate _ N Overall Standard Deviation
Growth Rate Method Load Transfer Coefficient
Drainage Coefficient

Intial Serviczability

Terminal Serviceability

28 Day Mean PCC Modulus Rupture Thickness Required [DII
2&-day Mean PCC Elastic Modulus of Siab __

Lan TR Fniies
LI PN Y

PCC Condition Survey Method (R ehabilitation)

weiviiy ! fim

TRCEY (T |

a2 adsi—uovge o -n, P ou1se (n-o, )

Qg = Few Ry x F

Rl :
D= H¥la oveerlay Lrckocss ek ea)

0= FOC required rhizkness tlinzhes) hased aq Foal's

D == Cor dition S vey o7 Faclor o casling PES as Lhckn
A Conrwesior nunber bor PCC to HR1A

Jant & Crazk acjustment factar 110 0.3

=3t gu= Dam=ge acjustment taczar, 1.0 - 02k
Fo.=DuavlmvFasteri1,d Q.8h

Comments:

1/12/2011
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Rigid Design Inputs

V= ~

Thickness based off ESAL's Use this method for New Build design or for establishing Required

thickness for comparison to Rehabifitation design.

Expected Performance Years BaseType |

No.lanes Base Thickness
% Trucks in Design Lane Depth to Bedrock

% Trucksin Design Direction Project Slab Thickness |

Ave. Iital Truck Factor Lossof Support______|

Annual Truck Factor Growth Rate Reliability Level |

Annual Truck Volume Growth Rate Overall Standard Deviation |
Growth Rate Method Load Transfer Coefficient

Intial Serviceability Drainage Coefficient

Terminal Serviceabiley

28-Day Mean PCC Modulus Rupture Thickness Required (D) 9”

28-day Mean PCCElastic Modulus of Slab

Use these fnputs & the Rigid Pavement
Nomegraph (Figure 3.7, pg.1i-45)
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Use for Rehobilitotion{HMA overioy) for
_ existing cancrete roqdways
Dmrl =A {Dr_ Deff)

A=2.2233+0.0099 (D, - D..)* - 0.1534 {D.- D)

D-‘.:l'l' = F]r_ b FIHL % F

cur

Definitions:

D= HMA overlay thickness {inches)

D= PCCrequired thickness [inches) based on ESAL's
D_;= Condition Survey or Factor of exsting PCC as thickness (fnches)
A= Conversion number for PCC to HMA

F,. = Joint & Crack adjustment factor (1.0 - 0.5}

F o F. .= Fatigue Damage adjustment factor( 1.0 - 0.9)
e F4,=Durability Factor (1.0 - 0.8)
Fe= ]
qur v
Dt = A= le=

Comments:
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EXISTING PCC ASSESSMENT

D.s - Remaining Effect Life of the existing pavement

Deff — ch X qur X |:fat XD
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EXISTING PCC ASSESSMENT

Deff = ch X qur X I:fat x D

ch — Adjustment Factor for joints and cracks that reflect through

Assuming that all joints/cracks are repaired then a factor of 1.0
should be used.

Use Fig. 5.12 for PCC slabs where not all the cracks/joints will be
repaired.

This is NOT a factor for material distresses such as ASR.
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EXISTING PCC ASSESSMENT

Dets = ch X X Fee X D

— Adjustment Factor for Durability

Use this factor for assessing pavements with ASR, D-
Cracking.....

1.0 No durability issues
0.96 —0.99 Some cracking, no spalling
0.88 —0.96 Cracking & Spalling
0.80 - 0.88 Severe cracking & Spalling
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EXISTING PCC ASSESSMENT

Dt = FjC X Fqur X x D

— Adjustment Factor for Fatique

Use this factor for assessing pavements for deterioration
due to repeated loading such as punch outs or large
working joints

0.97- 1.0 Few

0.94 - 0.97 Several
0.90 - 0.94 Significant
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EXISTING PCC ASSESSMENT

Deff — ch X qur X I:fat x D

Example:
Original thickness 8” PCC, D=8

All joints repaired, Fi, = 1.0
Bad ASR, F,,=0.85
Some loading failures, F,=0.95

Detr= Fe X Fagyr X Fge X D

1.0 x 085 x 0.95 x 8
Doy = 6.46

1/12/2011
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EXISTING PCC ASSESSMENT

A= Conversion factor for concrete to asphalt
= 2.2233 + 0.0099(D, - Dy)? — 0.1534(D, — D)

= 2.2233 + 0.0099(9-6.46)2 — 0.1534(9-6.46)

A= 1.90
Doui = Asphalt overlay thickness
= A (Dr - Deﬁ)
= 1.9(9 - 6.46)
D,,, = 4.8

1/12/2011
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FLEXIBLE
Pavement Design
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Hexible Design Inputs

Annual Truck Factor Growth Rate
Annual Truck Volume Growth Rate

Structural Number based off ESAL's
Expected Performance Years
No. Lanes

% Trucks in Design Lane-_

% Trucks in Design Direction
Ave. Initial Truck Factor

Growth Rate Method

Intial Serviceability
Teminal Serviceability
Reliability Level

Overall Standard Deviation

Structure Number Required I

#zriageaor |

HMA Condition Survey Meth

jod [Rehabilitation

Surface Course
Type
Depth [Dy,inches)

Cinl-NER R HITETURRS

Layer Coefficient [a,)
Structure No. for Layer(SN, )

SN,=D, x a3,

Base layer
Type
Depth [Dy,inches)
Layer Coefficient(a,) ~

Drainage Coefficient(m,

Structure Mo. for Layer(SN,)

-SleDi Xd; XMy

Sub-Base [ayer
Type

Depth [Dy,inches)

Layer Coefficient(a
Drainage Coefficient(m

Structure No. for Layer(S

SNy=Dy x 3y % My

Total Structure Provided (SN, + SNy + SNa+_) I

Comments:

Aadnr hades e as needer!

1/12/2011
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Flexible Design Inputs

Structural Number based off ESAL's
Expected Performance Years

No. Lanes

% Trucks in Design Lane

% Trucks in Design Direction

Ave. Initial Truck Factor

Annual Truck Factor Growth Rate

Annual Truck Volume Growth Rate

Growth Rate Method

Intial Serviceability

Terminal Serviceability

Reliability Level

Overall Standard Deviation

Structure Number Required

AN

Use this method for New Build design or
for establishing Required structure
number for comparison ta Rehobilitation
design.

Use these inputs & the Flexible Povement
Nomograph (Figure 3.1, pg.i-32)

N\

Different Output
than Rigid Design
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Service Loss
45-20=25

4000 psi
3,000,000 ESALs
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Structural Number

The Structural Number is an abstract
number expressing the structural
strength of a pavement required for
given of
, total loading,
coefficients, terminal

and effects from the
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Layer Coefficients

Foundation Course 0.20
SABC 0.14
Bit Millings Base 0.20
Existing AC 0.24-0.35
New AC 0.44
Existing Bit Sand 0.20
Cold-In-Place Recycle 0.25
FDR w/ash 0.25
FDR w/water 0.14
HLSS 0.25
HRB 0.40
Stabilized Subgrade 0.22

1/12/2011
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Structural Number
(Layer Coefficients)

9” Existing
HMA
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Structural Number
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HMA Condition Survey Method (Rehabilitation)

Surface Course
Type
Depth (D,,inches)
Layer Coefficient (a,)
Structure No. for Layer(SN,)

Base Layer
Type
Depth (D inches)
Layer Coefficient(a,)
Drainage Coefficient(m,)

Structure No. for Layer(SN,)

Sub-Base Layer
Type
Depth (Dg,inches)
Layer Coefficient(as)
Drainage Coefficient(m;)

Structure No. for Layer(SN;)

Total Structure Provided (SN4 + SNz + SN+ _)

Add ar Subtract Layers as needed

Comments:

Use this method for Rehabilitotion of
axistifg asphalt roodways or for
Bituminows Recycling Strategies

SN.=D, x a,

SN,=D,; xa; xm,

SN3;=D; xa; xmy

1/12/2011
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Hexible Design Inputs

Structural Number based off ESAL's

Expected Performance Years
No.lanes |
% Trucks in Design Lane ]
% Trucks in Design Direction :
Ave. Initial Truck Factor
Annual Truck Factor Growth Rate
Annual Truck Volume Growth Rate
Growth Rate Method

Intial Serviceability
Temninal Serviceability |

Relizbility Level

Overall Standard Deviation

Structure Number Required

Type
Depth [Dy,inch ES:I_
Layer Coefficient(a;)

Structure No. for Layer(SN, )

Base layer
Type ]
Depth [Dy,inches)
Layer Coefficient(a,) ~

Drainage Coefficient(m,)

Structure No. for LayerSN,)

Sub-Base [ayer

Type

Depth [Dy,inches)

Layer Coefficient|a,
Drainage Coefficient(m,)
Structure No. for Layer(SN,

Total structure Provided (SN, + SN, + SNyt

Aadnr hades e as needer!

Comments:

-SNxzDR Xd; XMy

1/12/2011
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OUTLINE

*Review Deliverables
*NDOR Pavement Design Manual
*Quick References
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Nebraska Department of Roads

Materials and Research Division
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2.2h DARWIN Rigid Design Inputs
Diate: Rvizad §/2507

Source: Pavement Design Section

Description:

Project Number
Project Title

The following inputs are values typically recommended by NDOR. Values
may be adjusted as needed based on specific project details and in accordance
with the 1993 4 ASHTO Guide for Design of Pavement Structures.

Control Number
Designer
Date

18-kip ESALs Ower Initial Performance Period Calculation (Simple Tab):

Performance Period (years) --—-——-—-————————- —
Two-way Daily Traffic (ADT)
Number of Lanes in Design Direction -—-
% of All Trucks in Design Lane

% Trucks in Design Direction —-—-
%o Heavy Trucks (of ADT)
Average Initial Truck Factor (ESALs/Truck) —-———-—-
Anmual Truck Factor Growth Rate (%) ——
Anmual Truck Volume Growth Rate (%) -
Growth Rate
Initial Serviceability
Terminal Serviceability

35
Current ADT
lor2 (usually)
100 % (2-lanes)
80 % (Expressway and Interstate)
60 %5 (6-lanes)
50 % (always)
Current % of ADT
See Summary of ESAL Values
0 %o (always)
((Future TADT/Present TADT)1'¥=)-1) x 100
Compound
4.4
3.0 (Interstate System)
2.5 (All other Highway Systems)

*  28-Day Mean PCC Modulus of Rupture -—- 710 psi
+  28-Day Mean Elastic Modulus of Slab 4,100,000 psi
Mean Effective k-value:
Roadbed Soil Base Elastic

Seasons: EResilient Modulus (psi): Modulus (psi):
» Frozen (Dec—Feb) 20,000 22,000
*  Wet (Mar-May) Soils Data 22,000
* Optimum (Jun-Aug) Soils Data 22,000
s Dry (Sept-Nov) SoilsData 22,000
= Base Type Foundation Course
# Base Thickness 47 (usually)
* Depth to Bedrock 20 £t
* Projected Slab Thickness 10 m.
* Loss of Support 1

* Reliability Level (%) 85 (Interstate System)

(Overall Standard Deviation ——--—--—-—-———————- —
Load Transfer Coefficient, J ———— v —

Owerall Drainage Coefficient, Cd —————-——————-

80 (Expressway System)

75 (Highways w/Future ADT over 3000)

70 (Highways w/Future ADT under 3000)
0.35

3.0 (Doweled conc. w/tied conc. shlds.)

3.1 (Doweled conc.. 307 top)

3.2 (Doweled conc. w/asph. or no shids.)
3.6 (Non-doweled conc. witied conc. shids.)
4.1{Non-doweled conc. w/asph. or no shilds.)

2010 NNOR Pavement Nesion Manual

Pane 16

1/12/2011

430



2.21 DARWIN Flexible Design Inputs
Dat=: Ravizad 930008
Sourca: Pavement Dasign Saction

The following inputs are values typically recommended by NDOR. Values
may be adjusted as needed based on specific project details and in accordance
with the 1993 4 4SHTO Guide for Design of Pavement Strucitures.

Description:
* Project Number
* Project Title
* Control Number
* Designer
* Date

18-kip ESALs Over Initial Performance Period Calculation ( Simple Tab):

* Performance Period (New Build) 20vrs
* Performance Period (Owverlay Design Module Only)
= 4"HEB w/2” AC & 47 AC over PCC - - 20vyrs
= HILSS, Fly Ash, & CIR w/ 37 AC, Mill47/Fill 47— 15 vyrs

*  Two-way Daily Traffic (ADT) ——---———— Current ADT

* Number of Lanes in Design Direction
* % of All Trucks in Design Lane

* % Trucks in Design Direction --—————-

lor2 (usually)

100 % (2-lanes)

80% (Expressway and Interstate)
60%  (6-lanes)

__________ — 50% (always)

% Heavy Trucks (of ADT) ——--————————- — Current % of ADT
Average Initial Truck Factor (ESALsTruck) ——-——- See Summary of ESAL Values

Annual Truck Volume Growth Rate (%) -

0% (always)
{{Future TADT/Present TADT){'¥=i -1y x 100
Compound

.
.
+  Annual Truck Factor Growth Rate (%) -—-
.
.

Growth Rate

4.4

+ Initial Serviceability

3.0 (Interstate System)

* Terminal Serviceability

2.5 (All other Highway Systems)
85 (Interstate System)

* Reliability Level

s  Owerall Standard Deviation —————————

80 (Expressway System)
75 (Highways w/Future ADT over 3000)
70 (Highways w/Future ADT under 30:00)

————————— — 045

Effective Roadbed Soil Resilient Modulus Calculation:

Roadbed Soil Resilient Modulus (psi):

Season:
* Frozen (Dec—Feb) 20,000
* Wet (Mar-May) Soils Data
e  Optimum (Jun-Aug) Soils Data
* Dry (Sept-Nov) Soils Data
* NMNumber of Construction Stag 1
Thickness Design ( Specified)
Material Description Struct Coeff.  Drain Coeff. Thickness Ome Direct. Width
= Asphalt 044 1 15 Guess Proposed Design

2010 NDOR Pavement Design Manual

Page 17
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Recommendad Truck Factors based on NE Traffic
and National Functional Classification

See http://www.nebraskatransportation. org/'maps/highway/nat-func.pdf for National Functional Classification map
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3.1 Asphalt Mix, Binder, Gradation & Minimum Thickness Policy

Date: Feavizad 1110010
Source: Swalo

Mix Selection

Heavy Trucks Per Day Surface Mix Type Base Mix Tvpe
0—200 SPR (some SPL & SP4 Spcl) SPR. SPL or HRB
200 -500 SP-4 Special (some SPR) SP-4 Special, SPR. SPL or HRB
500-1500 SP-4 SP-4, SPR. (may consider HRB)
1500+ SP-5 SP-5
Shoulders SPS SPS
Parking/temporary/Maint. SPL or SPR. SPL or SPR
Performance Graded Binders
Interstate/Expressway Mainline (SP-5) PG T70-28
Lewveling Course, Type LC PG T0-28 (Tnterstate)
PG 64-34 (4ll Others)
Mainline Top Lifts (SP-4 Special, SP-4) PG 64-34 (Some 70-28)

Mainline Top Lift Low Volume w/High Recycle (SPR) PG 64-34
Mainline Bottom Lift w/High Recvycle (HRB, SPL, SPR) PG 64-34

Shoulder Mix (SPS) PG 52-34
Temporary Interstate/Some Expressway PG T0-16 (Or beatter)
Temporary for all other highways PG 64-22 (Or batter)

PG 70-28: Resists deformation up to 70%C (158°F) and Cracking to -28°C(-82°F)

Gradation
3/167(0.19) gradation band for thicknesses less than 17,

3/g7 (0.375) gradation band for thicknesses 1™ or greater
42" (0.5) gradation band for thicknesses 1 3/5™ or greater

New Construction Minimum Thickness

Heavy Trucks per Day Minimum Thickness™*
0—200 87 (67 in pure sand regions)
200 — 1600 107 (87 in pure sand regions)
1600+ 127 (107 in pure sand regions)

EEAASHTO 93 currently used to determine somuctural thickness

These changes are due to the use of higher RAP percentages in all HMA (RAP incentive & increase in the
allowable percentage used) andthe use afhigh RAP mixes being used in base lifts.

2010 NDOR Pavement Design Manual Page 32
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(5%4)]
“Bituminous Sand Base Course™ — Station
“Mineral Filler for Bimmminous Sand Base Course — Cubic Yard **10 CuYds/Sta for (57x247)

(cubic meter) **25 m3/Sta for (130mm=7.3m)
“Mineral Aggregate” — Cubic Yard (cubic meter) Do notuse for estimate.
“Water” — MGallon (kiloliter) 1 Mga/Sta (12 kL/Sta)
“Fog Seal™ —Gallon (liter) 0.15 Gal/yd? (0.68 L/m?)

** Quantity of Mineral Filler will vary depending on type of soil.

Bituminous Surface Course — Section 512
“Bituminous Surface Course™ — Square Yard (square meter)

“Fog Seal”™ — Gallon (liter) 0.6 Gal/vd? (2.5 L/im?)
Calcinm Chloride, Applied — Section 309
“Caleium Chloride Applied™ — Ton (megagram) 3 1b/yd? (1.6 kg/m? or 0.0015 Mg/m?)
Chip Seal — Special Provision
“Chip Seal Aggregate™ — Cubic Yard 251b/yd?  (aggregate weight 1.4 tons =1 yd¥)
(cubic meter) [11.0 kg/m? (aggregate weight 1.54 Mg =1 m?)]
“Chip Seal Emulsified Asphalt™ — Gallon (liter) 0.32Galiyd? (1.4 L'm?)

Cold In-Place Recycling — Special Provision

“Cold In-Place Recvcling” — Station or Square Yard (square meter)
“Repulverization & Aeration™ - Station
“Emulsified Asphalt For Cold In-Place Recvcling” — Gallon (liter)
“Water For Cold In-Place Recycling” — MGallon (kiloliter)

Note: 1 Megagram = 1000 Liters

Cold Milling — Section 510
“Cold Milling, Class " — Station, Square Yard (square meter)

Cracking & Seating Concrete Pavement — Special Provision
“Cracking & Seating” — Square Yard (square meter)

Earth Shoulder Construction — Section 304
“Earth Shoulder Construction™ — Station
“Yater” — MGallon (kiloliter) 0.25 MGal/Sta (3.0 kL/Sta)
Note: Shoulders are measured separately

Fly Ash Stabilized Bituminous — Special Provision
“Flv Ash Stabilized Bituminous™ — Station

“Flyv Ash™ — Ton (megagram) 10% weight of RAP
“Water for Flv Ash Stabilization™ — Mgallon (kiloliter) 5% weight of RAP & Fly Ash
“Fog Seal™ — Gallon (liter) 0.24 Gal/wd? (1.1Lm?)
Note: If rimming is reguired. Estimate 2
applications.
2010 NDOR Pavement Design Manual Page 102
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Performance Graded Binder (**~**) Table

Asph. Conc. PG Binder Gradation bands Gradation bands Gradation bands
Type (**-*") (0.5) multiply asph. (0.375) multiply (0.19) multiply
conc. Tonnage by asph. conc. asph. conc.
Tonnage by tonnage

GGCRM (58-28) 8.5% NA NA
GGCRMLV (58-28) 8.5% NA NA

** HRB (64-34) 3.25% NA NA
(70-28) Interstate o
LC (64-34) All others NA NA 7.6%
RLC (64-28) NA NA 7.6%

** SPL (64-34) *5.0% /3.8% NA NA
** SPR (64-34) *5.0% / 3.8% NA NA
SPs (52-34) *5.0% / 3.8% NA NA

*** SP4 Special (64-34) *5.0% / 4.8% *5.6% /5.2% NA
=SP4 (64-34) *5.0% /4.8% *5.6%/5.2% NA
SP5 (70-28) *5.0% /4.8% *5.6%/5.2% NA

*For a virgin mix use 5% or 5.6%. If milings are on the project or the contractor has access to
millings use 3.8%, 4.8% or 5.2%. Designers, for estimates use the higher percentage.

1/12/2011
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PAVEMENT DESIGN
MATERIALS

CONSTRUCTION
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Pavement, cont’d.
*Asphalt (Flexible)
*History of HMA
*PG Binders
*HMA Construction
*Recycling
sPartial Depth HMA
Full Depth HMA
*PCC Recycling
*Pavement Design
Traffic
*Rigid Design
*Flexible Design
*Review Deliverables
*NDOR Pavement Design Manual
*Quick References
Maintenance
*Emulsions
*HMA maintenance

PCC maintenance

OUTLINE

1/12/2011
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Maintenance
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Emulsions

= OIl & Water
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Emulsions

Emulsifiers — A surface-active agent (Surfactant) is used to charge water
particles to attract and stabilize with asphalt.

— Negative charged ions
Fatty Acids (wood derivatives) blended w/sodium hydroxide

— Neutral with no ionization
Harder to produce, no as common

— Positive charges ions
Fatty Amines (amino acids, nitrogen-ammonia)
blended w/hydrochloric acid

441



1/12/2011

442



1/12/2011

Emulsions

Set Time or Break Times

Designed for mixing stability and longer workability time.
Can be used with material that have high amounts of fines

Medium Set Designed for mixing with graded material and does not
break upon contact.

Rapid Set Designed to break immediately on contact with material.
Typically used with materials with small amounts of fines.

Other considerations:
Weather, Material, Rate
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Emulsions

Typical emulsions used in Nebraska:
Rapid Set CRS-2P, CRS-2L

Medium Set HFE-300
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Remaining Life Analysis
(AASHTO)
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Remaining Life Analysis
(AASHTO)
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Remaining Life Analysis
(AASHTO)
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Preventive Maintenance
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Rehabilitation

Time or Traffic
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WHEN

Preventive
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Emergency

Time or Traffic
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Crack Sealing
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Crack Sealing
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Crack Sealing

7% to 125 mm 12 to 19 mm
(fypical)

Reservoir
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Surface Sealing
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Fog Sealing

What type of emulsion?  CRS, HFE, CSS....

Usually CSS-1, CSS-1H or SS-1
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WHEN

Preventive
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Emergency

Time or Traffic
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Blade Patching
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Blade Patching
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Blade Patching
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Blade Patching
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Armor Coats & Chip Seals
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HE vVOID SFACE BEETWEEN AGGREGATE IS5 50%

AS PLACED FROM THE CHIP SPREADER.

THE vOID SPACE IS REDUCED TO 3D%
BY THE INITIAL ROLLER,

voW.Boa®. 9

THE vOID SPACE IS COMPACTED TO ABOUT
20% BY TRAFFIC.

1/12/2011
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Concrete Surface Rehabilitation

475



1/12/2011

Dowel Bar Retroflt

,-rff.r'f’ 5 :'”-'
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Dowel Bar Retrofit
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Dowel Bar Retrofit
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Faulted

Diamond
Grind
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WHEN

Preventive
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Emergency

Time or Traffic
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Micro-Surfacing

Cross Section of a Rut

Finer Larger Finer
Stones Stones Stones
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Failing Joint
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Maintaining & Rehabing PCC
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Double saw cut.
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Repair should
have been
squared off and
crack wouldn’t of

formed.
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Repair should have been carried to
adjacent joint
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Poor
consolidation
against forms
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Over cuts,
misaligned joint
and poor
workmanship

503



1/12/2011

Floating joint
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Close, but no cigar.
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Tied across the
joint and a crack
formed.
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Should not cut a joint
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