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Project Overview

-1 Energy development areas

o Heavy traffic and sever failure




Project Overview
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2002-2010
0 “Features” and challenges of pavement design

Early opening requirements (no detours; end of day)
Weak /thin existing materials (most FM road:s)
Excessive traffic loads (50-60% overload)

Available funds (limited fund vs. miles and miles)
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Project Main Objectives

Develop materials options suitable for early trafficking

Recommend pavement designs that are structurally
adequate for overloaded vehicles

Work with Districts to design, construct, and monitor test
sections with new materials and design approaches



Selecting rehabilitation options

Data Acquisition and Review
Investigation of Site Conditions and Field Tests

Laboratory Tests on Existing Materials and Analyses

Alternative rehabilitation options

Recycling options Conventional options

- Surface recycling - Thin asphalt overlay
(100% RAP) - Mill and replace

Alternative rehabilitation options

Recycling options Conventional options

- Deep recycling (FDR) - Thick asphalt overlay
- Two-part deep recycling - Total Reconstruction
(CIR-FDR)

Cement Stabilized Materials € Bitumen Stabilized Material3

= Cement Stabilized materials gamed asphalt

= Emulsified asphalt

Bitumen & Cement N
Stabilized Materials /
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Selecting rehabilitation options: case study

Case Study: FM906 in Paris District, Texas

Project Info. (Step-1) Field Survey and Test (Step-2)

* From FM 196 to US 271

* 4.5 mileslong (net)

* AADT (2015): 904

* Future AADT (2035): 1,810
* Truck Percent: 4.3

e Speed Limit: 55 MPH

* Number of Lanes: 2

e Existing Structure

1.5” HMA

. e s »

FWD Test

8” Flex. Base

Subgrade




Selecting rehabilitation options: case study
]

Material Collection and Laboratory Test (Step-3)

Sieve Analysis / Plastic Index / Proctor Test

Gradation % Passing

Sieve Existing Base New Base

1%“ 100 100

1% 99.0 95.4

% 90.5 78.5

3/8"“ 66.0 57.7

#4 55.3 44.1

#40 29.0 28.2

Plasticity Index 7 4

Combined Materials OMC (%) Dry(gzzgslty

75% Existing Base & 25% RAP 5.4 133.0

42% Existing Base, 33% New Base, & 25% RAP 6.0 131.1




Selecting rehabilitation options: case study
]

Rehabilitation Method Selection (Step-4): We select FDR for this study

Laboratory Mix Designs on FDR Mixes (Step-5)

. . Foamed % | Emulsion % .
Design # Material % %RAP (PG64-22) (CSS-1H) Additive

1 75% EB 25% 2.4 - 0%

2 75% EB 25% 2.4 - 1% Cement

3 42% EB 33% NB 25% 2.4 - 0%

4 42% EB 33% NB 25% 2.4 - 1% Cement

5 75% EB 25% - 4 0%

6 75% EB 25% - 4 1% Cement

7 42% EB 33% NB 25% - 4 0%

8 42% EB 33% NB 25% - 4 1% Cement

8 FDR Mixes
0, H [+
Design # Material % %RAP ;:: gr6n4e_(ziz/; Er(r:;lsslzz)ﬁ Additive D;Fymli[))T W((:,tS:;)T

1 75% EB 25% 2.4 - 0% 78.9 1.7
2 75% EB 25% 2.4 - 1% Cement 73.3 33.5
3 42% EB 33% NB 25% 2.4 - 0% 71.3 2.9
4 42% EB 33% NB 25% 2.4 - 1% Cement 49.3 37.9
5 75% EB 25% - 4 0% 76.4 50.2
6 75% EB 25% - 4 1% Cement 53.2 41.1
7 42% EB 33% NB 25% - 4 0% 67.5 42.7
8 42% EB 33% NB 25% - 4 1% Cement 56.0 49.5




Selecting rehabilitation options: case study
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Selecting rehabilitation options: case study

Pavement Thickness Design using FPS 21(Step-6)

(millions)

FM 99 FM 906 FM 541
AADT (2015) 3,352 904 697
Future AADT (2035) 6,710 1,810 1,400
Truck Percent (%) 4.9 4.3 22.8
Speed Limit (MPH) 60 55 55
Number of Lanes 2 2 2
18 kip ESAL for 20-year 1.144 0.271 1.111

Variables used for ESAL
calculation

Design years=20

Dir. Distribution=0.5
Lane Distribution=1.0
Growth Rate
(%)=3.50

Truck Factor=1.35

Design years=20

Dir. Distribution=0.5
Lane Distribution=1.0
Growth Rate
(%)=3.53

Truck Factor= 1.35

Design years=20

Dir. Distribution=0.5
Lane Distribution=1.0
Growth Rate
(%)=3.54

Truck Factor=1.35

Subgrade Modulus (ksi)

19.5

10

14.3




Pavement structural design
s
0 FPS21 | 2 e e me e
2 Modulus
o Traffic: ESALs

o1 Design life

1 Texas Triaxial check

21 One pass shear failure

1 TXME check
= Load spectra

= 8l Projects Pavement Type
a 1

() Surface Treated

© Conventional or Thin HMA
] Result
1 Input Summary O Perpetual
&) General Results

{2 Rutting

% AC Fatigue Cracking

u erCking % Thermal Cracking

a )

o Rutting




Pavement structural design

S
-1 FDR materials moduli: laboratory measurement

FM541: Foamed Asphalt Stabilized Base

Dynamic Modulus (ksi)

25 Hz 10 Hz 5Hz 1Hz 0.5Hz 0.1Hz 0.01Hz
Load Frequency

1-10 Asphalt Emulsion Stabilized Base

Dynamic Modulus (ksi}
w b
8 8
-
g R "

25Hz 10 Hz SHz 1Hz 0.5Hz 0.1 Hz 0.01Hz
Loading Frequency




Pavement structural design
P
-1 FDR materials moduli: lab vs. FWD (field)

Field Modulus
600
500
E 400
@ I-10 Asphalt Emulsion Stabilized Base
g 300 800
E 700
E 200 = 800
2
100 é 500
0 E 400 mac
FIVI99 IH10 SH202 FM541 E 300 ::2
S 200
100
4]
Recommended modulus: oot odne oot

I.oadln.g Frequenw

300 ksi



Pavement structural design
P
0 Traffic: load spectrum; Case study: FM468
Vehicle Class Distribution & Growth

Vehicle Class Pictorial View Distribution (%) I

Class04 @ 0.94
Class05 ﬂ 3.24
Class06 ol 2.87
Class07 Moo 0.40
Class08 _ 2.51
Class09 m 86.88
Class10 il ] 2.97
Class11 FL 1 | 0.00
Class12 E—— 0.08
Class13 m 0.11

Sum of Distribution = 100.00%



Pavement structural design
I
0 Traffic: load spectrum; Case study: FM468

GVW & Axle Load Distribution

Portable WIM | 16-Days Traffic Data Collection | GVW = Gross Vehicle Weight

Distribution of vehicles .
% Slngle Axle Tandem Axle
2.50% 10.00% Limit _14.00% Limit
. T 12.00% .
% 2.00% S n00% (20 kips) -é- 10,005 l (34 kips)
S < I 2 1
-= c -
9 1.50% k] 1 2 8.00%
> 3
5 _‘g 6.00% | 3 600%
él.[)ﬂ% E 4.00% : : 4.00% il
2.00% |}
Z 0.50% | i 2.00% < PPN LITHHRTTRRINARLIRT] PV A
0.00% “ . 6 101418 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78 82
3 T 0_m% IIIIIIIIIIIIIIIIIIIIII o L LR T . .
357 911131517192123252729313335373041 Aoe Weight [kips)
Axle Weight (kips)
) Quad Axle
Tridem Axle
Axle Type Daily Count A 40.00% —
1 20.00% t 35.00% imi
Steering Axles 326 3 ! L"";:- g L{50 kins)
; ) < s 00% [ (42 kips) < 30.00% {50 kips)
Non-steering Single Axles 32 g 1 2 25.00% :
3
2 10.00% : 2 20.00% I
- -
& X E 15.00% i
Tandem Axles 588 o 5.00% @ 10.00% '
Tridem Axles 10 2 oo eal Ll I : I M 1 VY I I R il'
Quad Axles ) 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 0.00% +—rd LLLDAA Dy abanndn  n

~ m M = = 0o~ R~

102

Axle Weight (kips)
Axle Weight (kips)



Pavement structural design
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0 Traffic: load spectrum; Case study: FM468

Overloading & Overweight Data

Portable WIM | 16-Days Traffic Data Collection

GVW Overweight

Single Axle

25.00%

20.00%

15.00%

10.00%

5.00%

Axle Distribution (%

55.75 % Overloaded Trucks Daily

(GVW 2 80 kips)

22 0.00% =1L

3 5 7 91113151719 21232527329 3133353739

Axle Weight (kips)

1.39 % Overloaded Trucks Daily

(Single Axle Weight 220 kips)

9.00%

Tandem Axle

8.00%

7.00%

6.00%

5.00%

4.00%

3.00%

2.00%

Axle Distribution (%)

1.00%

0.00%

6 10141822 263034 3842 46 5054 58 62 66 70 74 78

Axle Weight (kips)

52.92 % Overloaded Trucks Daily
(Tandem Axle Weight 234 kips)

Daily Overweight Count

Maximum Overweight Recorded

Over-Weight Summary (% of Total) Legal Limit %age Overweight
GVW Overweight (= 80 kips) 182(55.75%) 411 kips 80 kips 414%
Single Axles (= 20 kips) 5(1.39%) 41kips 20 kips 105%
Tandem Axles (= 34 kips) 311(52.92%) 80 kips 34 kips 135.3%

90 kips
Tridem Axles (= 42 kips) 4(41.03%) 42 kips 114.3%
90 kips

Quad Axles (= 50 kips)

1(48.48%)

50 kips

80%
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Pavement structural design

Traffic: load spectrum vs. ESAL

. . ESAL from TxME Load

Highway TD Station TD AADTT
Spectra (20 vears)

I35 513 10,867 49 650,718
110 502 - 8,005 32,748,557 ~
120 526 —7.704 50,529.65
145 539 6,834 37,354,536
I35 531 6,299 26,717,107
120 544 5,767 25,243,048
US287 506 4,182 36,010,559
US287 528 3.247 17.228,.683
SH114 527 2.656 13,479,223
SH130 332 2.269 T.682,393
ussa 535 2.000 5,656,394
Usg2 530 919 3.120.864
USs96 142 846 4.337.616
SH121 546 550 1,976,022
SH6 Portable WIM 474 1.830.420
USE2 543 372 1.310.763
FMA68 Portable WIM 1.062 11,437,641
FM3129 541 251 1.652.034
FM2223 300 142 516,928
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Pavement structural design

1 TXME check

= load spectrum

DESIGN - 1 PAVEMENT PLOTTING

Period- 1 Period- 2 i i _,
/ / 200 First Overlay oo b
050 SURFACE TREATMENT
Ne Design
Al Design Plots
350 FLEXIBLE BASE
Mecharisc Check
Triawial Check
Stiess Analysis
200 SUBGRADE(200)
DMECheck | —
10.1 years 19.0 years ———

= st 1 pavement Type

& Stucture ©) Surface Treated -

@ Traffic ) )
@ Relisbility @ Conventional or Thin HMA
= [2) [Result!
1 Input Summary ) Perpetual
£1] General Results
{4 Rutting
{4 AC Fatigue Cracking
{4 Thermal Cracking

(] 1l 1(2)




Pavement structural design

P
1 TXME check

@ Poject ZOption  §Run [ Help

FEELTE

lme_l ax Pﬂe«lﬁtﬂme‘ jectl:Climate® |~ Projectl:Traffic | Projectl:Reliability* v X

=& Projects e e —™W -

& B Projectl Pavenent Type : AC L Material :
4 Climate O Surface Treated ] ]
4 Trafic Ulis 1
H B © Conventional or Thin HMA :

— 4 Reliabil X ]

¢ * 2 Rerpetual 1 § :
Pavement type and  }[isese vater - ;

i e (FA Stablized Baze. 1 ave
Design/Analyss Life (year])ao = t@ i :
e ' T |
Dstrict: (01 Pars ~| county: (60 DELTA ) : ‘ :
11§ Subbase Layer Material 1
: L= o 1
1
1 I
e e [ e

Tvpa D, PG 84-22 ayer 1: Type D. PG 64-221
& - Layer Information
Layer Number 1 1
- Layer Thickness (inches) 4 I
- Material Information H
Binder Type PG64-22 :
Gradation Type D 1
To remove this layes, click the mouse rght button and select the popup menu, 0 :
insert 2 new Jayer above. drag one rgatkial icon and drop on this layer. M t o I rt
aterial property I
- Matenal Properties
Dynamic Modulus Level 2 input: default value 1
Fracture Property @77 F: A=4.2081E-06, n=3.9531 :
Ruting Property @104 F: alpha=0.7465. mu=08102 :
- Poisson Ratio 035 :
Thermal Coefficient of Expansion (1e-6 infin/F): 135 1
£

1




Pavement structural design

Vehicle Class Distribution and Growth
Traffic ot o —————————
£ . 5 |
O Leva2 ® 1: Load Wehicle Class Pictorial View Distribution (%)  Growth Rate (%)  Growth Function :
ass 4 18 4
Level 1: Load Spectra flass5 S (248 4
i Hlm 6 | 76 4
General Traffic Information Axde Configuration 1 }
J— i | - I— ) 4
| |I=Vehicle Cl b
ass
- - Seie Tre Presure (5 % i Vehicle Class Distributionand .
Duszl Tire Pressure (psi): 100 1 lass 9 Compound |
Number of Lanes in Design Direction: 1 1 H @'W — rowt h
Dual ﬁri Spamé(m} 1 }Iassﬂ) Compound |LI
ve@enerrbachivn*ormataon xle Configuration | Sor—es ” '
Ax\e spacing 1 }Iass 1 v |08 4 Compound
Percent of Trucks in Design Lane (%): 95.0 1 ==
Tandem Aode (in): 5.6 1 jlass 12 B (33 4 Compound
QOperation Speed (mph): 60 1 1
Tridem Axle (in): 49.2 e T ]
1 =Iass13 Blr—riy— | 153 4 Compound
Quad Axle (n): 49.2 1 1
1 1 1
1 b Sum of Distribution (%): 1000 !
- —————————————————— e, ———————— e o e ——
Monthly Adjustment Aode Load Distrbution Axes Per Truck
. Steering Axle Cther Single Tandem Tridem Quad Axdes
hicle Cls
}fa e lass Axle Axles Axles 1
e ] 3 @ Jom o o}
1
View Axles ! flass5 0 2 0 0 0 1
© Cumulative Distribution @ Steering Axle @ Other Single Axle @ Tandem Axle }Iasss 0 102 0.99 0 0 :
@ Distribution @ Tridem Axle © Quad Axle 1
=|ass 7 [1] 1 0.26 083 0 1
Axle Factors by Axle Type ilassﬁ o 2 T o :
>[Season  |veh. Class|Total |3000 [4000 [5000 (6000 |7mm\3{mﬂ [o000 \10000\11000\12000\13000|14nna|15m B 1 A I T k 1
i 1
| [January 4 100.00 1.8 0.96 291 3.99 6.8 1147 11.3 10.97 988 8.54 733 555 4.23 | =t o Xles per fuc g 1
| [January 5 100.00 10.05 13.21 16.42 10.61 9.22 8.27 712 5.85 4.53 346 256 192 154 },Eﬂ 10 0 118 108 089 0 1
| [January 6 100.00 247 178 3.45 3.95 67 845 11.8513.57 1213 948 683 5.05 3.74 1
| |tanuary 7 100.00 2.14 0.55 2.42 27 3.21 5.81 526 7.39 685 7.42 899 815 7.77 =Iass11 0 429 0.26 0.06 0 1
| danuary 8 100.00 11.65 5.37 7.84 6.99 7.99 9.63 9.93 8.51 6.47 519 3.99 3.38 273 :
| January 9 100.00 1.74 1.37 2.84 3.53 4.93 843 13.67 17.68 16.71 11.57 6.09 352 1.91 jlas: 12 0 352 114 0.06 0 1
| January 10 100.00 3.64 124 236 3.38 5.18 8.35 13.8517.35 16.21 10.27 6.52 3.94 2.33 1
| anuary 11 100.00 3.55 2.91 5.19 527 6.32 6.98 8.08 0.68 855 7.20 7.6 565 4.77 jh“ = g =B =il 12 g 1
Tanuare 12 100.00 .68 2.29 4.87 586 5.7 R.86 058 0.04 850 7.1 587 AA1 4557 1
<] m 1 3 1
1

Note: Steering Axle -- Single axle, single tire; Other Single Axle -- Single axle, dual tires.

L S |
Export Axle File Open Axle File

o ] [ ]




Pavement structural design
i

1 TXME check: performance prediction

HLE 1 1 Rutting I
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\

Pavement structural design

TxME check

Influence of Material Properties

Variable inputs

FM541 Design #3
e Fracture properties of dense grade type-D:

20, 40, and 100 overlay cycles
e FDR Modulus (ksi): 300, 150, 75

12” Cement & Foam
Stabilized

Fixed inputs

e Traffic: Traffic spectra from Station 535
e Subgrade Modulus (ksi): 14.3. Subgrade
e Climate: San Antonio, TX



Pavement structural design

P
1 TXME check

120
(a) AC fatigue cracking prediction
g 100
= —=—FDR75 ksi
< &0 )
) ) o < —e—FDR 150 ksi
AC fatigue cracking prediction g —a— FDR 300 ksi
60
100 g
80 —=—200T cycles g, 40
F g0 |  —=400Tcycls g
2 70 —— 100 OT cycles S-i;) 20
5
60
e 0
E 50 o] 50 100 150 200 250 300
[&]
2 40 Months
§ 50
G 20 0.20 - —
0 | o1s | (b) Rutting prediction
0 016 |
0 50 100 150 200 250 300 =014
Morths = 012
jai)
g 0.10
: 4’
Influence of Fracture Property of Mix 5 008
E 006 | —a—FDR 75 ksi
oa ——FDR 150 ksi
—«— FDR 300 ksi
002
0.00
] 50 100 150 200 250 300
Months

Influence of Modulus of FDR Mix



Field test sections

FM541: foamed asphalt stabilization
SH202: foamed asphalt stabilization
110: asphalt emulsion stabilization
SH7: foamed asphalt stabilization
FM99: foamed asphalt stabilization

US281 /SH123: concrete pavement



Field test sections
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Field test sections

1 SH202: foamed asphalt stabilization

Beeville

SH 202

{0
Refugio
Skidmore
Woodsboro
Tynan G Bonnie view
Mathis West St Paul Bayside o
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@3 ¢
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Field test sections
L

11 110: asphalt emulsion stabilization




Field test sections
L

1 SH7: foamed asphalt stabilization

() 0]
= SH7 P
; )
@mE & \ Concord
®
[ d— "
Marquez =) 221
_-— @
(&) =
@
= )
=) (6] @) -
@@ =

After 1.5 years: no cracking AND no rutting



Field test sections

& e
1 FM99: foamed asphalt stabilization
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Implementation plan

Develop and teach workshops
Rehabilitation options
Mix design

Structural design

Construct sections: foamed vs. emulsion

Continue to monitor existing field test sections

Document US281 /SH123 construction
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