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CHAPTER ONE -INTRODUCTION 

The quality of construction is a very important factor in the life-cycle performance of flexible 
pavements. This is particularly true of the individual characteristics of construction and their 
relative effect on life-cycle performance of the pavement. It is crucial to determine both what 
these characteristics are and, to what degree their variability from the desired value affects the 
life-cycle performance of pavements. Knowing this will enable the transportation agencies to 
apply its limited inspection resources in the most effective manner. Therefore, the goal of this 
research was to identify construction parameters that have the greatest impact on the life-cycle 
performance of the pavement. In the long term, the results of this research should enable 
TxDOT to write more effective performance-based specifications for construction of pavements 
and determine the cost effectiveness of innovations in construction practices. This research was 
carried out in three phases. 

In the research phase of this project, the first phase consisted of determining the characteristics of 
construction that have a significant effect on the life-cycle performance of pavements, and 
whether these characteristics are observable and measurable. 

The second phase consisted of the prediction of how the variability of these construction 
characteristics affects the life-cycle performance of pavements by using mechanistic analysis. 
The mechanistic analysis should enable the engineers to predict the life-cycle performance of the 
pavement as the characteristics are varied. 

The third phase consisted of field measurements to verify the predictions of the second phase. A 
list of characteristics of construction and the methodology to measure and analyze these 
characteristics available to TxDOT were developed. 

The first two years of this project, which are documented in Research Report 0-4046-l (Abdallah 
et al., 2004a) were focused on addressing the following items: 

a) Information search on existing mechanistic models and ways that they can be used in 
developing an algorithm to relate the impact of construction parameters to performance 
was carried out. After a national search, several material models were identified, and 
feasible models were selected. Several popular and well-established performance-based 
models were also selected. 
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b) A probabilistic analysis tool was developed. The probabilistic approach differs from a 
deterministic approach by explicitly accounting for the variability of a parameter. A 
random parameter can take a range of values and can be represented by different types of 
probability distributions. The Monte Carlo simulation method, a common probabilistic 
method for simulating and accounting for the variability of a parameter, was used. Since 
many parameters are used in the analysis, the two-point mass method (TPM, 
Rosenblueth, 1981) was combined with the Monte Carlo method to accelerate the 
process. The TPM method can be used to approximate mean and standard deviation of 
random variables. The detail of both methods is provided in Chapter 2 of Report 0-4046-
1 (Abdallah et al., 2004a). 

c) Once the models were selected and the flow of probabilistic algorithm was defined, a 
prototype algorithm was developed. Figure 1.1 shows the general flow of information 
used in the mechanistic algorithm with the probabilistic methods. The detail and a case 
study of how to use the program were also provided in (Abdallah et al., 2004a). 
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Figure 1.1 -Flowchart Depicting the Process of Utilizing A Probabilistic Approach in a 
Mechanistic Analysis 

d) The mechanistic models selected provide a number of parameters that are used as a 
measure of construction practices. To optimize the process, a sensitivity analysis was 
conducted to primarily identify the relative importance of construction parameters on 
performance indicators. The results of this study, as presented in Abdallah et al. (2004a), 
provided an indication of important parameters for pavements with different traffic 
levels. 



e) Based on results of the sensitivity study, a search to document methods on measuring 
important parameters was carried out. The document was embedded into software 
package RECIPPE. In that manner, the users can easily access the different ways to 
measure any given parameter. Another advantage of including the document into the 
program is that when new parameters are added, the document can be easily amended or 
updated. This document is included in Appendix A of Research Report 0-4046-2 
(Abdallah et al, 2004b ). 

The third year of the research effort under this project focused on developing a document for 
validation using few of construction parameters and demonstrating the validation process using 
selected parameters. The details of these tasks were documented in Research Report 0-4046-2 
(Abdallah et al, 2004b). The efforts are summarized below: 

a) A validation of the algorithm to quantify the impact of construction parameters on 
performance is the initial step before being able to utilize RECIPPE with confidence. 
Three types of models make up the mechanistic algorithm developed: a) the material 
models, b) the structural models and c) the performance models. The material models 
were calibrated with information from existing databases and from field data collected at 
several sites in Texas. The structural and performance models incorporated into the 
algorithm are well-established. The structural model is based on a nonlinear model using 
equivalent linear algorithm. The equivalent linear model was developed under TXDOT 
Project 0-1780 (Ke et al., 2000, and Abdallah et al., 2003). The calibration and 
validation of these models are outside the scope of this project. Research Report 4046-2 
(Abdallah et al , 2004b) provides the validation strategy to calibrate and validate the 
material models that are being incorporated into RECIPPE. The efforts in extracting data 
from the Long-Term Pavement Performance (L TPP) database for the asphalt-concrete 
(AC) layer material model were discussed. The protocol for targeting sites and collecting 
data for base and subgrade material models were presented. The calibration of the AC 
material model using data extracted from LTPP database for Texas sites was also 
presented in that report. 

b) The probabilistic process to obtain the variability of performance based on the 
uncertainty in construction parameters using mechanistic analysis was also validated. 
Two techniques were used in the probabilistic process. The advantages and 
disadvantages of each technique and a comparison of their effect on producing the Impact 
Chart (a chart used to identify significant parameters) were documented in that report. 

c) The calibration of the AC material model using data collected from Texas sites was 
performed in three different ways. The first method was based on least squares single 
variable calibration. The second equation was based on modifying the existing 
coefficients of the current Witczak equation. The final approach was to develop a new 
model using similar parameters used by the Witczak equation. Summary of the results 
are presented in Research Report 0-4046-2 (Abdallah et al, 2004b). 

d) A case study showing a limited implementation of the validation process was also 
presented in Research Repmt 0-4046-2 (Abdallah et al, 2004b). The validation process is 
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presented by demonstrating the impact variability of one construction variable on the 
variability of perf01mance. 

The fourth year of the research effort under this project focused on adjustments to be made to the 
prototype of RECIPPE to provide optimal results. This includes: 

a) enhancing the reliability analysis process, 
b) automating the optimization algorithm, 
c) incorporating a sampling frequency algorithm (including control charts), 
d) incorporating a cost allocation algorithm and 
e) incorporating a cost allocation equation. 

These efforts also included replacing the programming platform from MS Excel to Borland C++. 

In the fourth year of the project, new material models were developed and the existing models 
were calibrated. Data from sites collected throughout the research efforts of this project and 
from databases of previous research such as 0-1336 were used to calibrate existing models or to 
develop new base and subgrade material models. The outcomes of the fourth year efforts of this 
project were documented in Research Report 0-4046-3 (Haggerty et al., 2005). 

In the implementation phase of this project, the program was used to shadow the current quality 
management practices on several sites. The results of that will be documented in the final report 
of the implementation phase. 

This report contains a user's manual that provides several exercises that illustrate the use of this 
program. In addition, a brief background and methodology behind RECIPPE is presented. It 
also, includes the strategy of utilizing RECIPPE for quality management. Also, the following 
website allows users to go step by step through various exercises on how to use this program. At 
the end of the tutorial the RECIPPE program can be downloaded. The latest version of the 
software can be downloaded from. 

http://ctis.utep.edu!training/ 

ORGRANIZATION OF REPORT 

Chapter 2 provides a set of exercises that can help users understanding the way the RECIPPE 
works. Each exercise is directed to instruct users on the different aspects of the software. These 
exercises are included online and once users get user access to the website, he or she can start 
utilizing all the modules of the program. Upon completion of the tutorial the software becomes 
available for download and installation 

Chapter 3 provides background on the methodology that illustrates the use of construction 
parameter variability to estimate variability on pavement performance. Also included in Chapter 
2 is the desc1iption of the methodology used in RECIPPE in pre-construction mode to identify 
significant impacting parameters on variability of pavement performance, and in post­
construction mode, which provides inspectors with tool for quality control. 

4 



Chapter 4 focuses on presenting the models for pavement performance and focusing on the 
material models that were identified in the literature and that are incorporated into the software. 

Chapter 5 covers the strategy to utilize RECIPPE for quality management. Several scenarios are 
presented that illustrate the input level for RECIPPE and recommendation of which level in most 
suitable for analysis. 

Finally, Chapter 6 contains the summary, conclusion and future recommendations for this 
project. 

5 
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CHAPTER TWO- TRAINING EXCERCISE 

In this chapter, a set of exercises that can help users understanding the way the 
RECIPPE works are presented in slide show format. Users are required to register through the 
following website in order to learn how to use RECIPPE: http://ctis.utep.edu/training/ 

The first module is an introduction of the concepts used in RECIPPE. Exercise 1 focuses on the 
general features of the program. Exercises 2 and 3 deal with the automatic reduction portion that 
can be used in the program. Exercises 4 and 5 illustrate the advance features incorporated into 
the program. In Exercise 6, the procedure to add new performance models is illustrated. Finally 
the last exercise shows users how to use the material model in the pavement evaluation process. 

Intt·od uction 

RECIPPE stands for Rational Estimation of 
Constrction Impact on f_avement 
Perforn1ancE 

RECIPPE is a software that can be used to reconcile the 
results from pavement-performance models used in the state 
of practice, or those widely accepted by state agencies, with 
statistical process control techniques and uncetiainty 
analysis methods. to determine project-specific parameters 
that should be used in construction quality management. 

I~ I ffiffill 
Figure 2.1 -Slide 1 of lntroduction 
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The purpose of RECIPPE is to identify and h·ack laye•· p1·ope11ies 
that can significantly contl"ibute to a pavement system failing before 

its estimated design life, using a pr·obabilistic alg01·ithm. 

Fi ure 2.2 - Slide 2 of Introduction 

The goal of this tool is to maximize effectiveness of inspection and 
testing r·esources dm·ing consta·uction by focusing on construction 

pm·amete•·s that significant)~, impact pe•·fot·m~mce. 

Figure 2.3 - Slide 3 of Introduction 



TI1e methodology IS based on mechmust.ic analys1s. TI1e stmctural model is based on a nonlmear model usmg 
equJvalent-linem· algonUutt TI1e lmk between constmction parameters and pavement pe.fonmmce is illustrated in 
the progre,sion of links sta11mg with i1mer circle to ilie middle circle and finally outer circle. ConstructJon 
parameters are used in mateJialmodels to detennme the moduli of the lil)ti"S. Pavement layer properties are used 
to evaluate petfonnance of the pavement usm~ the stmcturalmodel. 

Process Control 
Parameters 

0 
Ex~: .1->pluJIJ e<>lflerd, 

co,acdDn, 
~ 

ntllisiJue CO!fleltl, 

(3) Crilksl stttrtural FI!SJlOil9l'S 
such as critical sttains are uoed ID 

lllllimare remaimng life 

I 
1,------------, 

1 1 i!xDmpl!: Wllczak or 
: : Hind. motkl for -mH 
•• 
II 

<>f~&W1uds "v'er tuUI 
c~motklfi>r 
~anti SJI~mtle 

/!raprp/!: .Rtll!ly, 
Fl!li,jrc#i';,....;U., 

N. =(<11(.-_)" 

N, =fi I (a,}" I (E,0" 
1---------------

Figure 2.4 - Slide 4 of Introduction 
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Levell o .. ign 

I MeKSUred DSPA 

Base and Subgr•de 
I 

Le•d 2 
Malaial Model DSPA and a•sumed material pllnlmeters 

Modulus I Measured &Mataial 
DPSA & Resilienl Modulus 

Model 

I Lcvel3 Mal erial Model 
Con&ruclion parameta; such as 

Gradalion and volum<!ric infonnatioo 

lfti~ck!j HllM:E"mxrrl~l 
~ 

Figure 2.5 - Slide 5 of Introduction 
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. RECIPPE is separated into two phases: 
pre-construction and post construction. In 
pre-construction, the optimization process is 
carried out to identify the most significant 
parameters where inspector resources and 
quality control process can be concentrated. In 
post-construction, the resolution of the 
procedures used in the field for quality control 
is carried out. This is the process where the 
identified significant parlllneters :~re used to 
determine a set of sampling frequencies for 
inspectors to use in control chans to insure 
quality assurance to the construction process. 

! The flowchart illustrates the progression of 
utilizing RECIPPE. Initially, a dry run can be 
carried out to identify significant pavement 
properties. This allows users to decide 
parameters to focus on when starting the 
analysis is pre-construction mode. 

Dry Run 

lnputs Based 
on Levell 

Identify 
Significant 
Pavement 

Layer 
Properties 

Decide on Levels 
of Input for 
Significant 

Pavement Layer 
Properties 

(l .evels 1, 2 & 1) 

~I HOME i!!!!W.!!mll 

Figure 2.6 - Slide 6 of Introduction 

How RECIPPE \VorliS in Pr·e-constr·uction? 

Identify 
construction 

parameters to focus 
on during 

construction in 
order to reduce 
pavement life 
variance and 

increase reliability 
during construction. 

Figure 2.7 - Slide 7 of Introduction 

Construction 
Process 

(Identifv Most 
Impactful 

Construction 
Parameters) 

Construction 
Process 
(Quality 



How RECIPPE \VorliS in Post-const1·uction? 

Track pavement quality during construction to identify in-control 
and out-of-control procedures. ---------------- ------------~ 

Improve construction 
practil:es & reduce 

cost through process 
control 

..-------~F,_i,gure 2.8 - Slide 8 of Introduction 

Relevant Refe1·ences 

']) Research Pt·oject 0-4046-1 - Optnnr:::mg Construction Q1whty 
i\Jmwgement of Pavements L'smg A!eclumisttc Pe1:formmzce A nalys1s 

:2) Research Project 0-4046-2 - Development of a Valtdatwn Processfor 
Parameters ( 'tllr:ed 111 Optrnu:::mg Collsfrucl/011 Quality _\fanagemenr of 
Pavements 

3) Research Project 0-4046-3 - Cahbrati0/1 of Af(ltennl ,\ Jodels for 
E.11rnwf111g l mp ac·r of Consrruc fiOII Q ualrty on L(fe (.~,·c!e Pe,:formance o/ 
Pavements 

4) Re.~each P ro_ject U-4046-4 - A Tool for Estimating lmpnc t oj Constmc fi011 
Q11ob ty 011 L(fe ('ycle Performance ofPnvements 

!§@!How~~ 

Figure 2.9 - Slide 9 of Introduction 
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I: Exercise 1 

This exercise demonstrates 
the use of the general features in RECIPPE 

~ 
- Project Information 
- Design & Performance Parameters Input 
-Construction Parameters Inputs 
- Pavement Performance Results 
- Pavement Properties Impact Charts 

In this exercise, assume the following input: 
- 3 layer system with layers defined by the mean and COV values. 
ACP: thickness (3,20%). Modulus (500,15%) 
Base: thickness (6.20%), Modulus (50.30%) 
Subgrade: Modulus (5,20%) 
-For all other input assume default values. 

Objective: Identify the most impacting parameter 

Please follow ins1ruc1ion on the top of each screen and read the information 
provided In tip section at the bot1om of the screen. 

t.lhe meln:memt ef RECIPPE. Usetslnput the proJect lnfannatlon as well aU.. 
inalysts mode. 111e 11rst tnputfD the program Is 1o create 1 proJect lillferwhere II 
cfala Is slorecL 

Figure 2.11 - Slide 2 of Exercise 1 



-..!'''"'..: ~· .. .-~~ ... ~ .. --.'!'.!..~·--' 
V'i<'lttr l:t!'niTl~l~t•n lup•4f 

Figure 2.1~ - Slide 3 of Exercise 1 
Type "example1" in the folder edit box and select "Create New Folder" 

to create the folder . 

..!:!:.~" .... "4 _!~~!~..!~~ 
l"ftl}"ll]nflll'"U~IInlrJ" I 

Figure 2.13 - Slide 4 of Exercise 1 

13 



Select the "OK" button to continue. 

"' II•' .... ..,ou1rV•--•"ti•.OO•.,h 
- - . --- -
l'l•lrrt;lf"ll .l 'lOrl llrP•I 

Figure 2.14- Slide 5 of Exercise 1 
Users can either type in project information or load the default input. 

For this exercise, select the "Defaults- ." button load continue. 

'1~'"""''"!C<I! r- I I 

::l·>c-. 1"-~cl 

Figure 2.15 - Slide 6 of Exercise 1 
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Select the "Pre-Construction" option to perfonn the analysis. 

> 1<11• 111-t ~ ......... lt/11,_>110<1 oll<JII'II.I " •II - ~ - ~ 

)'lP[rt'tl,'l[flrlllo4C10nll!pl!l 

Figure 2.17 - Slide 8 of Exercise 1 
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Click anywhere to the 
barto view 

o)fLU.o 

~)-!)>) 

a.-.-• .... r-~••":'""·~tl>'.,..__!:_~ 
l'ij''!.:l• ·~I ! c•"' r-n .. ·u~r •lu·tJ.,,..t, ti ht~ut 

~-._ ........... 
Uoelif---

c)CDV (%) r-== ,____ 1 ~:;:~~~~~:;-.,.:.....;=====:::;.~; 

>)U•P-VI'oli!iplo .. 14 
._. v.a. a.- 'IW~) 

\)DoN • .,...._. 

cov. Lm<11ool!4) 

eov '"' 
.,r,) ""' 

10 i ll 

lll "' 

"' "' 

al»d..,_H......_!ij 
U••ht-IJllll;lk~ 

c)cov,) _____ ....,.,..,.. I , A.l F'q;.r.Cr.-:;U..hl.;ck! 

1. Al ~tb Runar~~Meodd 

l I'EJIAS; ~Modcl o)uu._W!doSopiScal 
""'"v ... c..-'!h>~l 
b)OOH•.,....-~ 
COV•.IA.u,_~) 

r)a...ca.COV•I&I:emllufe6) J 91A--tl--

Figure 2.19- Slide 10 of Exercise 1 



--- 1.-•e-·•n.....,,....,....,._ r•.t•-• (l..--~ l~."!"­
lil\l~"l•ll'll11'~rfn•~.:uH•Iu>.~uHrilpul 

Figure 2.21 · Slide 12 of Exercise 1 
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Select the cell for the COV of the AC layer thickness to change the 

..,.... __ 

I) UN , __ $pJ!<_ 

~~opoctv ... a..-n...~ 
l!) 0t HM Opcr:ut Pw~m~attf 
c:ov ........... i:") 

•)a-Ot:N .. ...,..•ri!!>J 

value to 20%. 

,....._t_,....:r-~·;.r.n .. ~~~! .. :!...lo_!l_ 
l't11::'l .1-'IJ [ ' ,.lf~nr.Jtlf ~· i':trJJnrto" [I pt,t 

C...nw ...,.., 
C- ('0) ._COY 

"' .. ll ,. 

"' " 

_ _ c-... c.- ._.. 

.- P-t----·------ -

~.:-::.== n 
~1. Alfqtie~M«cl 

Figure 2.23 -Slide 14 of Exercise 1 



Select "20" from the list. 

,.'<~.--~ -------, 

"'----t) V• ,....,..,.._.,. Stp&::va _V ... Oot-,._00 
\)Do'NII~-· 
COY ol.n> 1hoo (It) 

e}~eCOVIII. ..... _.al~ p 
4)11--t(- r:s-- ; 

~--== n c.os.- ,! 
' "' r-CI>cboc-
1 AI~ ... R-Modol 

Figure 2.24 - Slide 15 of Exercise 1 
Select the cell for the COV of the base layer thickness to change the 

value to 20%. 

Figure 2.25 - Slide 16 of Exercise 1 
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Select the "drop down arrow" to list the COV values. 

ott-...-1....-.P~-"'-I>ni.,_l\lf-l i !Ji .. l - .. -~- -
ll1-• o;.."T• JJI11 ~11' rn~~· •l'u ''"' ,,. , , fr ;.o11 

Fi ure 2.26 - Slide 17 of Exercise 1 

~lDIIiH&OplllmU Pv~d 
CCV dMtlloD (\0} 

c:) ldact: OOV altltmb o.( 

~M--.N ..... tl1m111:.11 

Select "20" from the list. 

Figure 2.27 - Slide 18 of Exercise 1 



Fi ure 2.28 - Slide 19 of Exercise 1 
Type •o• % and hit enter 

Figure 2.29 - Slide 20 of Exercise 1 

21 



22 

Double click anywhere to the right of the scroll guide of the horizontal 
scroll bar to view Modulus Information. 

---

,_ ___ _ 

t.~,._-1"'''-~..,.{ ........... 1'1~1 '"-~~ 

I''''':.J'• lllt11'~ tf n L:l.nr<' l'l.f".un• r . ,~ IJJL•U 

·~. ~.~·-~-

~"':-=== n __ ....:::::=::~ 
1. AI f~Df:J:Cr.a..Mod.cl 

=~:z..'""'\:"~i' r 
))DoN•o,--J 
cov. Leulboo(!ll) 

,,...,..cov .. .-o~o.r~ v---

2.30 - Slide 21 of Exercise 1 

Figure 2.31 -Slide 22 of Exercise 1 

I E 

IT 



Select the "drop down UTOW" to list the COV values. 

bo-tr .. r-s'""'...-...m..-.tl~-t111o~­

L • \ ~ry; !11J l\·11 l"l11.:.nr• t .tJ l! •' h•f1ll1H I 

Figure 2.32 - Slide 23 of Exercise I 
Select the "Model" from the list of COV values. 

Pnio<t--

~o:~=~r· 
<) ...... !Xl'l ........ .C(%) 

i)M--ol-

, ...... t .... r .... ~ "!'''..,.~• '"'"~~..!-} ~­
fJ' "·" HI II'• d', 'l1~11>rl' 1-'J.r or;Jrll't \ It \•HI 

Figure 2.33 - Slide 24 of Exercise 1 
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No material model is used in this exercise. Select the cell for the COV 
of the AC layer mudulus to chan e th& value. 

v.-._. ....... , ... f";10frl" ,.,n ... ~t (_~..-..u 8o_!tl~· 
01'(11<,.,, 111<11 Hf rnWJ.r~>l'lT""ljlo"oH I! pel 

Figure 2.34 - Slide 25 of Exercise 1 
Select the "drop down arrow" to list the COV values. 

-----
.,_ ... COY 

(Ooo) 

"'' lO .\to• "" 
10 " 

t)U..--~ .. 
lloptav*o..-._('K,J 
~)Doll..__, 

COY• Lc..-,_ \10) 

Tol. ... , 
Itt 
:!11 

,,,....,.cov ........ <l("-1) r 
4)1(-N•••"· .. ,- r 

~ 

Tld>OT c:-
CW.I"l '""""" .. *0 .. .. 

1 A I rcraum u-~ Mll4d 

\ A l t:~!k ftU/t111i r.todcl 

f:n AC Rllt:%i&M*l 

c..--- ; 

Figure 2.35 - Slide 26 of Exercise 1 



Figure 2.37 - Slide 28 of Exercise 1 
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Select the "drop down arrow" to list the COV values • 

.-lntJ<t"""""...,,...._,.~ .. :-',.d}!~LJB•~ 
I~~~~ .._.,,jl ~If mJ.;tllrc>i U 1r"of11'1 \ !1 r•t 

Selett "30" from the list of COV values. 

Figure 2.39 - Slide 30 of Exercise 1 

..1!.1 



Select "Continue" to proceed . 

......, __ 

~~~j"'" 
~)Doll•a,o-a-• 
COV ... l4r._I'!Ol 

Figure 2.40 - Slide 31 of Exercise 1 
Since no material model is provided, select "Base Layer" option to 

proceed. 

....... ~- Dfllp--·--.:----- ---·-------- ----·-·------ ---
1 ACJ.o,w r _...,.. f" ......... l ..... 

l'IO l\L\ 'J'ERJAL MODD. 
IEJ.£CTED...PL£A$£ PROCEED 1'0 
llAII.:LA.Yl:.lt 

Figure 2.41 -Slide 32 of Exercise 1 
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Since no material model is provided. select "Sub grade Layer" option to __ ..... 
j__Ac ._ ... 

roceed. 

SO MATDUAL MOD.£1. 
llttECTED...PLilUE PROCU::O 'tO 
~tiiiGJLWI: M'Yl'Jt 

Since no material model is provided, select "Continue" to proceed with 
the ana sis. --..... ----

-~~c~ -=-~------""'~ -----·· "~~~ _H ____ J 

/'IOM.UJ!JUAL MODEL 
n:t£CTED • .PL£Aiffi COm'JN"IIE 

Figure 2.43 - Slide 34 of Exercise 1 
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_,_, 
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Figure 2.44 - Slide 35 of Exercise 1 

.55 

::~~~------~00 .0 
0 8 

Paftfllent Properties bnpact Chatb tab provfdn ... lallve'llnpact of layer 
propentes on pelfomlante.. Tile bottom or the chart 
aho- a Bat of perameter with lbalr associated mean and cov Values. 

Figure 2.45 - Slide 36 of Exercise 1 
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Figure 2.47 - Slide 38 of Exercise 1 
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Figure 2.48 - Slide 39 of Exercise 1 
Select "Pavement Performance Results ft to return to the summary of 

estimated ESALs. 

.. 

11tateft" mode .. wwe aelecteci tn.U.. ~ ftO resUlts ani presented In 
tail usuew presents lheJI!lpftt~~ tor each taver-shoWing the 

llfslftlllcalnc:~t of construction prop8111es on ~anee.: 

Figure 2.49 - Slide 40 of Exercise 1 
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' · 

For the purpose of this exercise, lets reduce the variability of fatigue 
crackln . Select "Pavement Pro erties Impact Charts". 

rn. 1>11"111 p l f •lfll C oC • R • • til~ 

·-------[PJ-~~Muft: 

,_ ... _ 
...,..._~ .. _ - "" 

M- '" 
.... o... i' ............. 
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""'""""'' 7S-95 .,., 
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II 2$H 
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F~C~ 
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T~Votp0!1wl1..xl. 1~\0 "" ~urh~ 

...... """" -'92'E-l4 .,. 
R:.oucb~ 

~ .... 
11 

71 

" 
1:><7 

-~ 

2.50- Slide 41 of Exercise 1 
Base modulus in the most significant parameter. Select the cell for the 

COV of the base to reduce the variability offatigue cracking. 
Enter "10" for the COV of the 

~~~ 

·~ 

Figure 2.51 - Slide 42 of Exercise 1 
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This concludes exercise 1. Select the "END" button at the bottom of 
this screen to conclude this exercjse. 

t>nr 1111'111 l'l'1funorl..!.!tr Rr•rrll• ----

..... i lotu"' r ... ~~ 

""'" U"A'' 9 
~~-01-

1>-9S ..... , .......... 
"'' "'" F••1.G-~ ,.,., - ~~l-1.,11.-1 

~« ..u.tH1'Il rn. ~~l)ntp_, ,__ 
~...._ .._._""~,._,* 
,_._~ 

f\lp~ 

~·~~ ,_, 
...,..., ....... 

""" "" ·-,_;,oor .... 
T_,m ...... 1-'&lll 
R.-.d~ .......... 41][..14 
~udiC.ar 

...,.._ 

l<!r- flt,,rt·~ !i )-J. 

»,- J,(, ,tt. 

ll G ~ ,,, 
"" 6J.SW.J .. , 

) .611 '"" 1)0:.-I.' ,.,., 
" <D .. .... '" 
'" l~U m 

Figure 2.53 - Slide 44 of Exercise 1 
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Exercise 2 

This exercise demonstrates 
the use of the automatic reduction feature in RECIPPE 

In this exercise. the same input is assumed as in exercise 1. The only additional input is 
that the design life is 0.5 million ESALs and the level of acceptable COV is 35%. 

Objective: Identify the most impacting parameter using automatic reduction 

Please follow Instruction on the top of each screen and read the Information 
provided in tip section at the bottom of the screen. 

Figure 2.54 - Slide 1 of Exercise 2 
Assuming all Layer Properties is provided from previous exercise. 

Select the "ESALs" edit box to Input 500,00 ESALs. 
Then enter "500000" ESALs to proceed. 

~----m= --~~~ ~.ro .... ,-r .......... ..,..r_",r"'~fh'"f«~.u!!::!. .. ~ 
l lllll:1 ml f' 11' rlHI.JHC"P.ll'..uUII"'•• I I ~111 

Figure 2.55 - Slide 2 of Exercise 2 



Select the ~co\/" edit box to input 35% for the acceptable design life. __ ..,.. Then enter ~35" % to proceed. 

t.o....-• -•~•lll;rti.-.....,..t{~rw.nl t_~ 
111, '..II JJ11I I ~lf.rw.:u r • 1 ;u 1J ~~~~~~ lr ;>ur 

:1.~---
t)U• ,__.,.W'"IIb.fi~U; .. 
'-'v...,_"'-0'1 
~DoNol ..... "'"""""d 
c;cv • ..... 'IbM\%) 

Figure 2.56 - Slide 3 of Exercise 2 
Select the edit box for the "Reduce COVIn Intervals of%'' and type in " 

1" to reduce the Interval of COV by 1 aner each iteration. 

1 .. -1.,.1'..-roW"'ffl:~fn-tl'~-'.:!.~~ 

Clr •ll!'l r"l11• r' •l•.trlri"P.or•mwt••• ' h 11•!1 

Figure 2.57 - Slide 4 of Exercise 2 
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Select the edit box for the "Maximum Number of Iterations" and type In 
"50" to set the iteration to 50. 

s . .----

=:...~~i 10 

b)Qoli•Opoaa­

cov ...... ,.."'' 

r,...,...r .... .-... _'M'...-•t~rrn..·~--~-~~ 5;!_t-~ 

l lf'\L.'TO~ol]'i'lf't rm.l.LUt'!\IJrliiT,>fii!I IJ'•T 

Figure 2.58 - Slide 5 of Exercise 2 

t)U..--apsc .. 
,_ v•O...-n..t'\1 

b)"""''""""'"-~ COVIfl.rn'!Mo(lol) 

c) JtdDci:.(XJV•hh•..IJ ·r~ 

Select "Continue" to proceed. 

~-.. t-! ........ .nor~~~.!_{'"'~·-­
flt·~·::., !!'Ill' .r, nr~lfl'" PJr~m,.h'•' Itt• 1 

1. A I f ttlp'l C.adaclc MQdd 

2. A.. I ~bin:* ~ ""'*' 
l fnlAC R~Mekkl 

Figure 2.59 - Slide 6 of Exercise 2 



No material model for the AC layer. Select "Base layer" to proceed. 

---r= c~ ·-·---

_ _. __ _ 
NO MATERLU. MODr.J. 
SELECTt»-PLEABI: PROCD:D 
roJIAilt: JAYt:ll 

Figure 2.60 - Slide 7 of Exercise 2 
No material model for the base layer. Select "Subgrade Layer" to 

proceed. 

--- _ .. ,_. __ 
,.---------- -
l'.::~':~ _______ _:• .. LoJ ,., ....,_._ 

------ ---~---- ----------------J. 

NO I\IA'IElUAL MQDD. 
ttLE-C'I"ED-.PILASE PROCEED 
1'0 SWIGIIA.IIt: I.AYt:Jl 

Figure 2.61 - Slide 8 of Exercise 2 
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No material model for the subgrade layer. Select "Continue" to 
perform analysis. 

.._ __ 

,...... __ 

------
r-w,. 

!'10 MATDILU. MODEL 
SI!LEC1"!l>-PLEABE 
t:O.N"l"JNI/11 

...!_~'J I 

t r.•utlut't !ll l!o-w !TP' \ ' I"'' 

2.62 - Slide 9 of Exercise 2 

r:~.:;;.. ----= -- ~~--~._. ___ ____ -- -~~ 

NO MAl;Z:RUL MOD!J. 
SELIICTW..PL£ASE. 
CUNXlNUE 

Figure 2.63 -Slide 10 of Exercise 2 



This concludes pre-construcion. Before proceeding to 
post-construction, Select "Pavement Properties Impact Charts" . 
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Figure 2.64 - Slide 11 of Exercise 2 
Three parameters are significant In this exercise. This concludes 
exercise 2. Selec.t the "END" button at the bottom of thi.s screen to 

Figure 2.65 - Slide 12 of Exercise 2 

39 



40 

Exercise 3 

This exercise demonstrates 
further the use of the automatic reduction feature in RECIPPE 

In this exercise. the same input is assumed as in exercise 2. The only additional input is 
that rutting based on the Asphalt Institute is the controlling performance equation in the 
reduction. 

1 Objective: Identify the most impacting parameter using automatic reduction 

Please follow instruction on the top of each screen and read the information 
provided in tip section at the bottom of the screen. 

Fi ure 2.66 - Slide 1 of Exercise 3 
To select subgrade rutting In the automatic reduction process Choose 
the • Select Equation Number to Use for Automatic Reduction" option. 

:JISli:I!Jiiall:Z:II::::T:!:ype In "2" for subgrade ruttlng. ______ ....... :o •• l ,_ __ 
J!e..'!'~--

111 \IC'I 11\ l l't' l~ .,..~Ln!t"t'JJU•Wio'l ' It i"'t 

~~::t::..=r e-: . 
~=r:=~~f r-

,.,, ....... ccv.-of\'4) r 
pr-

~ .. ""..== n 
l. ]A I f .... ~C.-Modd 

l . jAI S ....... . ._ ..... , 

) fhm AC~Mo.:kl 

4 fAAS!fT'O·"O...,.-

Figure 2.67 - Slide 2 of Exercise 3 
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Select • Continue" to proceed. 
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F_igure 2.68 -_Slide 3 of Exercise 3 
Select "Base Layer" to proceed. 
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Figure 2.69 ·Slide 4 of Exercise 3 
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Select "Subgrade Layer" to proceed. 

--- -----r 
(" ACI.orw 

NO MAT:DUAL MOOU 
&EI.ECTEJ>-PLEAS£ 
.PJtoctaw '1'0 
IJUIIGJlA.])Jl LAYEll 

re 2.70- Slide 5 of Exercise 3 
Select " Continue·· to proceed with analysis. 
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Figure 2.71 - Slide 6 of Exercise 3 



In this case the analysis stopped after one iteration. The estimated 
ESAls for subgrade rutting was less than the design ESAls. Select the 

"Nexr butt.«~n to continue. 
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Figure 2. 72 - Slide 7 of Exercise 3 
This concludes exercise 3. Select the "END" button at the bottom of I 
this screen to conclude this exercise. 

i 
~----------------~----------------------------------------------------------------------Figure 2.73- Slide 8 of Exercise 3 
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Exercise 4 

.·.. ' .• 
This exercise demonstrates 

the use of the advanced features in RECIPPE 
Specifically: 
This exercise will show how to modify the coefficients of a performance model. I 

Objective: Modify the Fatigue Cracking Equation based on Shell coefficients. 

F•UpC!o<""'< N, • f ,(e,)-f•(D ) -A 

R"'b>og Nil- /, (~,)-/• 

''""'Y n [J (] ·~ D 

Asplmh IMtliWe O.D196 3.l9l 0~}4 6.15£..1 4.0 

Sholl O.O&l 551! 2.363 I.J65E..9 44TI 

llh.noi:S D01 6E-6 30 

T~rtardi?OO I 66£..10 4.32 6J8E.-8 395 
Rt-.rch l.eboRJory 

S.lpn"""' 492E-14 4.'16 305f...9 435 
Rt~hCtn!er 

Please follow Instruction on the top of each screen and read the information 
provided In tip section at the bottom of the screen. 

Figure 2.74 -Slide 1 of Exercise 4 
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Figure 2.75 - Slide 2 of Exercise 4 



Figure 2.76 - Slide 3 of Exercise 4 
Enter the name as "modFatigueCr.~c/ting" and hit enter to proceed. 

Figure 2.77 -Slide 4 of Exercise 4 
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By defauH the cell for the first coefficient Is highlighted. Type "0.0685" 
and hit enter to roceed. 

~~~-~~~-!.!"~ 
l r<l!;:;)"l u.IJ ~ lfHI'I~mc~ I ~\lfl l ' [r ,>! 

Figure 2.78- Slide 5 of Exercise 4 

Figure 2.79- Slide 6 of Exercise 4 



Select the cell for "C3". Type "2.363" and hit enter to proceed . 
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Figure 2.81 -Slide 8 of Exercise 4 
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c)-.cova_.d~l 

F~gure 2.82 - Slide 9 of Exercise 4 
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Figure 2.83 - Slide 10 of Exercise 4 
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Now that the equation Is loaded, users can proceed to run the analysis. 
This concludes exercise 1. Select the "END" button at the bottom of 
this screen ~o conclud.e this exercise. 
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Figure 2.84 - Slide 11 of Exercise 4 
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Specifically: 

ExerciseS 

This exercise demonstrates 
the advance features in RECIPPE 

This exercise will show how to provide the calibration factor to an existing 
equation for the performance equation. 

Objective: Add calibration factors to the Fatigue Cracking Equation. Use 0.8 and 5000 as 
the ca6bration factors. 

Please follow instruction on the top of each screen and read the Information 
provided in tip section at the bottom of the screen. 

Select the "Configuration" button to proteed. 

> l~a.·t~rp~-..,..o:tMll...., ., !: l .. .,... _,.,.,C.r'"'l"" .. ' 
,,~l ll,."'...~ J l' . rtt. ~· ~r~'"''"""'s 1 '"'IP 

~:~~~i' v­
~.c:~::~·~~tu~ r-

I 1111: 

I 

Figure 2.86 - Slide 2 of Exercise 5 



""-"~~!~ ........ --- l'~1 _,, -:.t~oJ I ~•tLnuuJ.\t.• :• u u •• '' '' 111>1-" 

Figure 2.87 - Slide 3 of Exercise 5 
Select the "Continue" button to proceed • 

..._ __ 

<)bioo.(:OVm ....... <.!~ r 
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Figure 2.88 - Slide 4 of Exercise 5 
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__ ._ 

, __ 
t)u .. r. 
-V• 
•lt>o"" 
~-~--------------~--------------------------~ 

Figure 2.89 - Slide 5 of Exercise 5 __ ._ 
Enter "0.8" form. 

_, _ _..,........,..,30-....nj 
lnm. A..l. F•d&H Cncld:D.i 

Figure 2.90 - Slide 6 of Exercise 5 
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Enter "5000" for b. 

1!::~~~.:~"-·~~·J_ 
Ih 1 ~~' !.n•! I t'l~ n•~"''.) 1 :.U-ur1• f•l' h,J'-lt 

re 2.91 - Slide 7 of Exercise 5 

., pu- ··~ 
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Figure 2.92 - Slide 8 of Exercise 5 
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Select the Pavement Performance Equation first drop box labeled "A.L 
Fatl ue CraciiJng Moder to select the new model. 
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Figure 2.94 -Slide 10 of Exercise 5 
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This concludes exercise S. Select the "END" button at the bottom of 
this screen to conclude this exercise. 
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Figure 2.95 - Slide 11 of Exercise 5 
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This exercise demonstrates 
the use of adding a new performance equation in RECIPPE 

Objective: Add a new Fatigue cracking equation based on Illinois DOT. 

Fe;lpCACk.mg N1 •J,(E,t"(B)-1. 

Runtre N~ -/1(e,)- f. 

h1J'""'f n a 0 fA D 

ArophalllnstitUit 0.0196 3.291 08}4 6.150-1 4.0 

ShoU 0~ 5.671 2363 1.3650-9 un 
1U..O.OOT 6E-6 3.0 

TrlhSport W Ro6d 1 66E-10 4.32 6.18E.-8 395 
Ru:tltCh L!boralory 

S.lpu>Rood 49lE,. I4 4.16 ].050-9 4.35 
RHe6rehCUIItf 

Please follow Instruction on the top of each screen and read the Information 
provided In tip section at the bottom of the screen. 

re 2.96 - Slide 1 of Exercise 6 

Figure 2.97 -Slide 2 of Exercise 6 



Choose the "Add Hew Equation" option to add a new performance 
e uatlon . ......, __ 

J r .. AC R1a:I>JIIald 

• A.AStf'rO.fl Ortip. ~ 

Figure 2.98 - Slide 3 of Exercise 6 
Choose the "Add New Equation" option to add a new performance 

e uatlon. 
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Figure 2.99 - Slide 4 of Exercise 6 
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.. I 
Choose the "CAmtinue" button to proceed . 
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Figure 2.100- Slide 5 of Exercise 6 
Start loading the first part the equation by entering "5" using the 

calculator ad. 
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Figure 2.101 -Slide 6 of Exercise 6 



Seled "Exp" using the calculator pad. 

-- -

Fi ure 2.102 -Slide 7 of Exercise 6 
Select "6" using the calculator pad. 
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Figure 2.103 - Slide 8 of Exercise 6 
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Select"+/-" using the calculator pad. 
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Fi ure 2.104 ·Slide 9 of Exercise 6 
Select ••• using the calculator p~d. 

Figure 2.105 -Slide 10 of Exercise 6 
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Select the tangential strain "ET" from the parameters list. 

Fi ure 2.106- Slide 11 of Exercise 6 
Select •xAy" using the caltulator pad. 
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Figure 2.107- Slide 12 of Exercise 6 
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Select "3" using the calculator pad. 

-·--~ 

ure 2.108 - Slide 13 of Exercise 6 
Select"+/·" using the calculator pad. 

-·---O.U.C 

Figure 2.109- Slide 14 of Exercise 6 
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Select "Done" using the calculator pad to complete developing the 

-.............. ~ 
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'----Cicllooa·-IDl"' 

equation. 

-- -

Fi ure 2.110- Slide 15 of Exercise 6 
Select • Save" to save the new equation. 
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Figure 2.111 - Slide 16 of Exercise 6 
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DOOiioitillr'-- -----. 

F s.--­
o)U•-W'IIl ........ 10 
........... Oo.-1\10(!\) 

~~~~~· p----
.,.-.cov.-<1(%) r 
~--"- r;o-

Figure 2.112 - Slide 17 of Exercise 6 
Svlvct thv "new Fatigue Cracking" model from the list or equations. 
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Figure 2.113- Slide 18 of Exercise 6 



This concludes exercise 6. Select the "END" button at the bottom of 

Figure 2.114- Slide 19 of Exercise 6 
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Exercise 7 

This exercise demonstrates 
the use of material model in RECIPPE 

In this exercise. assume the same input as previous exercises. The only difference is that 
material model is used for the Ac layer. 

: Also, use the default model and only change the COV values of the parameters listed 
according to teh instrcutions. 

Objective: Learn to use materila model and control charts. 

Please follow instruction on the top of each screen and read the information j' 
provided In tip section at the bottom of the screen. I 

\.~~------------------~--~----------~--------~ 

~ 
Figure 2.115 - Slide 1 of Exercise 7 
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Figure 2.116 - Slide 2 of Exercise 7 



Select the COV value for the modulus of the AC layer. The select I "moder from the drop list. 
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Figure 2.117 - Slide 3 of Exercise 7 
Select "Continue" to proceed to the next menu. I 
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Figure 2.118- Slide 4 of Exercise 7 
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Figure 2.119 - Slide 5 of Exercise 7 
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Figure 2.120 - Slide 6 of Exercise 7 
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Figure 2.121 - Slide 7 of Exercise 7 

Figure 2.122 - Slide 8 of Exercise 7 
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I Select the cellfor the COV of the aggregate passing# 200 parameter I 
and enter "30" %tor the COV value . ...,... __ 

··-- -
.,~c._ 

i ACMIII_M_ 

II -- -..._.....,_,.. 2 

.oc-. ... _111 ' ...,..._....,_,._ 
0.002> 

........ Oooloollll • l-·-flll 10 

ll 
r-.-m 77 

!,' 

----- · _...,.. _ ...... 
If-: U1'D' 

._.__,, 
TdCIT Coobcoo ~ ....... - r-Pw J 

COV!!II T ... lll r-1.1"1 CM.JII ~-CDV """" = .... 
' I J 

: 
10 !0 Ill 

10 10 

10 10 00 "' ! 3 ; I 

10 10 6l 00 3 3 , I 

10 10 I 00 Ill ' 3 s , 
tO 10 I 6l "' J ' ; 1 

Figure 2.123 - Slide 9 of Exercise 7 
I Select the cell for the COV of the AC Mix Air Voids paramter and enter I 

"30" % tor the COV value. 
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Select the cell for the COV of the Asphalt Content paramter and enter 
"20" % for the COV value. 
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I Select the cell for the COV the loading frequency parameter and 
enter "0" % for the COV value. 
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Select the cell for the COV of the temperature parameter and enter 
"0" %for the COV value • .._ __ 
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Select the "Subgrade Layer" option to proceed to the base layer. 
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Select the "Continue" to proceed with analysis. 
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The result$ of the pavement performance are listed below. To view the 
Pavement Performante lm att Charts, select that tab to roceed. 
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In this case, the Asphalt Content is the most impacttul of the AC layer 
parameters. This concludn the pre-construction process. Close the 

results menu to activate ost-constructlon • 
..._.._.. ..... ~ 

Figure 2.133- Slide 19 of Exercise 7 
Select the "Post-construction" option to switch to that mode. 
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Select the "Continue" button to proceed. 
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This menu is similar to that in pre~onstructlon with one exception. 
Double click on the "Asphalt content" button on the bottom of the menu 

to activate the control chart for that parameter. 
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2.137 - Slide 23 of Exercise 7 
To speed up the process, a sample field data was provided for the 

asphalt content. to view the rustles, select the "Next•• button to 

Figure 2.1 38 - Slide 24 of Exercise 7 
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Select the wMeanw option in the drop box to switch to the COV control 
chart. 

Figur~ 2.139 w Slide 25 of Exercise 7 
Select the wcovw option to switch the chart. 
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This concludes exercise 7. Select the • END" button at the bottom of 
this scree.n to conclude this exercise. 

Figure 2.143 - Slide 29 of Exercise 7 
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CHAPTER THREE-BACKGROUND 

METHODOLOGY 

The methodology developed under this project provides a link between construction and 
performance. Figure 3.la provides a conceptual representation of the methodology statting from 
the center, or inner circle and moving to the outer circle. The three circles presented in the figure 
represent the main features in the methodology. The process starts from construction 
parameters, which is represented by the inner circle. These parameters are used to estimate the 
layer moduli via mateiial models for the different layers of a pavement system. The material 
characteristic models, represented by the middle circle, are the links between the construction 
and pavement performance. Pavement performance is represented by the outer circle, which is 
based on the layer moduli and other pavement properties so that the pavement system 
performance can be determined. 

In Figure 3.1 b the process is further claiified. The core of this methodology is based on 
mechanistic analysis . The structural model is based on a nonlineat· model using equivalent-linear 
algmithm. The equivalent-linear model was developed under TXDOT Project 0-1780 (Ke et al. 
2000, and Abdallah et al., 2003). The structural model, designated as (1) in Figure 2.1 b serves as 
the engine that performs all numeiical calculations such as determining the nonlinear layer 
moduli and appropriate stresses and strains in the pavement analysis process. The next process 
illustrates the link of the inner circle and the middle circle (2 ). Construction parameters are used 
in material models to determine the moduli of the layers. For example, the modulus of ACP is 
estimated using a model that incorporates as input construction parameters such as air voids, 
asphalt content, asphalt viscosity, etc. The last step illustrated in the process shows the link 
between the middle circle, mateiial models, and the outer circle, performance models ( 3 ). This 
step depicts the process of estimating the critical strains based on the layer properties (thickness, 
modulus, etc ... ) to determine performance of the pavement using the structural model. The 
process desciibed thus far allows the estimation of pavement performance based on construction 
parameters. As such, this analysis only represents a deterministic analysis. The uncertainties 
that are associated with the input parameters are not accounted for. However, engineeiing 
measurement associated with a construction parameter demonstrates a certain variation. 
Therefore, a probabilistic approach is a more rational approach and was incorporated into the 
process. 
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a) Conceptual framework of ____ _ 
Methodology 

b) Process 
.---------------------------------------------
1 (1 l Equivalent linear 

analysis is used as the Base .-
structural model to 

analyze the pavement 
system 

Subgrade 

(2) Regression equations relate (3) Critical structural responses 
construction parameters to estimate such as critical strains are used to 

layer moduli estimate remaining life 

·------ -J------- -- -t----- -t------------ i------­
r------ -------, --- ------ --- r--------------, 

Construction & 
Process Control 

Parameters 

0 
Example: Asphalt content, 

compaction, 
dry density, 

moisture content, 
Aagg. passing #200 

Example: Witczak or 
Hirsch model {or moduli 

of asphalt layer and 
constitutive model for 

base and subgrade 

Example: Rutting, 
Fatigue Cracking 

Nd =f41( eJ5 

N r=fl I (E,)n I (EAc)13 

I_------------- _I -------------- I_---------;...--- _I 
Figure 3.1 - Conceptual Framework of Methodology and Process for Determining 

Pavement Performance from Construction Parameters 

Probabilistic Approach and Generation of Impact Chart 

In this research project, for practical consideration, all input parameters are assumed to be 
normally distributed. Once variability of input parameters is incorporated into the system, 
performance outputs will also retain vruiability. By accounting for variability in the analysis, the 
impact of construction variability on the variability of pavement performance is determined. 
This impact is estimated using an "impact cha1t". The impact chart compares the influence of 
each construction parameter on the remaining life. The probabilistic analysis employed in this 
project is based on two methods: 1) Monte Carlo Simulation and 2) Two Point Mass (TPM) 
Simulation. 
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Monte Carlo simulations technique randomly generates values to represent variables with 
uncertainty. For this case, the construction parameters are randomly created multiple times to 
simulate a continuous model. Similarly, the TPM simulation is used to approximate low-order 
moments of functions (e.g., mean and coefficient of variation, COY) for construction parameters 
(Rosenblueth, 1981). This is achieved by replacing continuously randomly-generated values 
with two discrete values. 

The major difference between the Monte Carlo and TPM simulations is the number of iterations 
it takes to complete a simulation. With a Monte Carlo simulation, 500 simulations are 
considered adequate enough to model a normal distribution in this study (Abdallah et al., 2004a), 
while the number of iterations for TPM varies with the number of random variables represented 
by: 

Iterations _ 2 Number of Random Variables 
TPM- (3.1) 

For the algorithm developed in this research, two types of statistical analyzes are petformed: 1) 
varying values for a single construction parameter and 2) varying all parameters at once. Figure 
3.2 illustrates the concept of the simulation process. Any input parameter is described with a 
normal distribution represented by a mean and a coefficient of variation (COY). As illustrated in 
part one of Figure 3.2, each parameter is simulated individually and is processed through the 
system to determine its impact on the variation of pavement petformance. This process is 
repeated for each parameter, and as such, for each construction parameter, the impact of that 
parameter can be determined. 

The impact of each parameter does not account for the joint effect of all parameters impacting 
performance. Therefore, processing of all input parameters simultaneously through the system is 
required (the second part illustrated in Figure 3.2). The program developed in this project uses 
Monte Carlo simulation and TPM simulations in unison. The TPM simulations can be used to 
calculate the variance of the remaining life when one parameter is varied, and the Monte Carlo 
simulations can be used when all of the construction parameters are varied together. 

The last part of the figure depicts the use of the impact values to develop the impact chart. To 
prioritize the significance of different construction parameters relative to one another, the 
approach described next is followed. When the simulation is carried out for a single construction 
parameter, it is possible to create pie charts showing how each parameter impacts the variability 
of a performance model with respect to the other construction parameters. The values that are 
entered into the pie charts are called normalized impact values, shown in Equation 3.2: 

NIV. = COV; 
' n 

(3.2) 

Icovi 
i=1 

where NIV is the normalized impact value for construction parameter i and the COYi is the 
coefficient of vatiation of the pavement performance model for construction parameter i . By 
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( 1 ) Processes each construction parameter to estimate performance 
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( 3 ) Determine the relative impact value of all construction 
parameters on performance 

bnpact or Design Parameters on the Life-Cycle 
Performance of a Pavement 

e 
Impact Value 

Jfk 
25% 

" •l f 57% 

Figure 3.2 - Probabilistic Analysis Process used in Developing the Impact Chart 

placing all of the N!Vs in a pie chart, an impact chart can be created to identify significant 
construction parameters. The figure in the last part of Figure 3.2 is a representation of an impact 
chart, where each parameter is represented by an impact value. Parameters with large impact 
values indicate significant parameters and should be focused on in controlling performance. 
However, parameters with very low impact values indicate no significance, and resources for 
controlling variability should be focused elsewhere. If one is interested in changing the mean 
and COY of the performance indicator associated with these parameters, she/he should focus on 
reducing the COY for those parameters with significant impact values, therefore reducing 
performance variance. 
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Pre-Construction Process - Optimization Process to Identify Significant Parameters 

The process presented thus far illustrates the procedure to determine the impact of construction 
variability on the variability of performance using the impact chart. The next step is to 
demonstrate the optimization process in the program. 

Figure 3.3 illustrates the use of the impact chart to identify significant parameters through an 
optimization process. Initially, input information, as shown in Figure 3.3, is based on the mean 
and variance of each construction constituent found either in historical data or required 
specifications. These constituents are then simulated in the statistics-based algorithm by varying 
the inputs according to a normal distribution and using the simulated values in material models 
to estimate layer moduli. The results from the material models are then used to estimate 
pavement performance. The output is the pavement performance based on the input values and 
the performance variance based on the variability of the input. If the simulated pavement life 
meets the design specifications, the algorithm terminates and significant impact values are 
identified from the impact chart, and provided to those involved in the construction and 
inspection. If the variability in the perfotmance is larger than specified, the COY values for 
parameters that are identified as significant are reduced, and the analysis is repeated. This 
process continues until the pavement performance specifications are met. The program provides 
means to adjust the number of significant parameters that are reduced, the increment of reduced 
variability after each iteration, and constraint of the minimum value of variability. The process is 
the pre-construction phase of this program. The next phase is post-construction. 

Enter in mean and coefficient of variation 
(COV) values for all relevant parameters 

Run statistics-based algorithm 

Adjust mean 
and/or COV 

values for 
impactful 

Analyze pavement performance model results and variabilities 

YES 

! 
( __ EN_o_ ) 

Analyze the impact 
of the construction 

NO + parameters on the 
performance 

models 

Figure 3.3 - General Flow of Optimization Process 
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Post-Construction Process - Quality Control Process 

In pre-construction, the optimization process identifies the significant parameters for inspectors 
to focus on. Along with identifying significant parameters, the number of necessary samples for 
each parameter is determined based on the optimization process. 

Number of Samples and Sampling Frequencies 

The process of developing the number of samples based on the COV of each parameter is 
thoroughly documented in Research Report 0-4046-3 (Haggerty et al., 2005). Equation 3.3 
represents the sample size equation used in the program. 

where n is the sample size, e represents the tolerable error or tolerance, COV represents the 
coefficient of variation for an individual construction parameter, Za defines the normalized 
standard deviation value based upon the level of significant (a), and Zp defines the normalized 
standard deviation value based upon the level of significant (PJ found as the standard deviation 
divided by the mean. 

For the purpose of this report, a and fJ are related to confidence level of the seller (contractor) 
and buyer (TxDOT), respectively. Zhang et al. (2001) presents definitions of those parameters 
as follows: 

• Se11er' s Risk (a): The risk of rejecting "good" material. In highway construction this 
is associated with the risk of a contractor having good material rejected by the owner. 

• Buyer's Risk(~): The risk of accepting "bad" material at reduced or full payment. In 
highway construction, this risk is associated with the owner's risk of accepting what 
is actually bad material. 

The a -risk affects the contractor because it is probable that the agency may reject, what is in fact, 
acceptable work. The fJ-risk affects the agency because it is probable that the agency may accept, 
what is in fact, unacceptable work. The true meaning of risk is how much one is willing to lose 
in terms of dollars if an action is taken. 

After determining the sample size, the testing frequencies can be determined. Zhang et al. 
(2001) shows example of two ways of determining testing frequency: 

a) Time-based testing frequency: TF = daily production I sample size 
b) Quantity-based testing frequency: TF = batch quantity I sample size 

Once the testing frequency is determined, control charts can be used to provide quality control by 
the inspector. 
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Control Charts 

Control chart is one way of conducting inspection. Control charts help identify instability and 
unusual circumstances in production processes. This implies that, based upon allowable 
variances, inspectors can randomly sample road specimens and determine whether or not the 
pavement, statistically, will be stable over time (in-control or out-of-control, respectively). 

To assist in monitoring the important parameters during construction, the program provides 
control charts (CC) for the mean and COY of a specified parameter. The CC based on the mean 
has three limits: a) the center line (CL) defined by the mean and b) upper and lower control 
limits (UCL, LCL) defined by one deviation from the mean. The CC for the COY shows the 
trend of the QC variability with respect to the allowable COY value specified in preconstruction. 
Research Report 0-4046-3 (Haggerty et al., 2005) depicts the development, rules and examples 
of using control chruts. 

Cost Analysis 

With the information that has been described, thus far, a quantitative value can be provided for 
inspection costs, which will be discussed in this section. Production expenditures, due to 
rehabilitation and maintenance, ru·e intuitively calculated in a qualitative manner, because the 
basic concept of the program is to minimize variability thereby increasing the longevity of 
pavement. 

The program estimates the minimum number of tests to be run for inspecting a single pru·ameter. 
Hence, for each test run there is a corresponding cost, which can be related as a unit price (i.e. 
$10.00/Nuclear Density Gauge). If the unit price is known for each test to be run, then the total 
inspection costs can be found using a simple mathematical operation: 

m 

TotalCostinspection = L C;n; 
i= l 

(3.4) 

where C is the unit price for parameter i and n; is the sample size for parameter i. Typical costs 
for some parameters of ACP, base and subgrade layers in Texas are shown in Table 3.1. These 
costs are estimated for the entire state of Texas. The program can modify this program if 
necessary. 
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T bl 3 1 T . I I a e . - .yptca f T nspec ton ests &C t T osts or ex as p avements 

STANDARD TEST Unit 
STATEWIDE AVG. 

2 Year Avg. 
FY 2002 FY 2003 

Tex 103 Moisture Content each $6.00 $27.00 $16.50 

Tex 106 Plasticity Index each $33.75 $71.00 $52.38 

Tex 110, Ptl Gradation each $32.50 $60.00 $46.25 

Tex 110, Pt2 Gradation each - $150.00 $150.00 

Tex 113 M-D Curve for Base each $162.50 $330.00 $246.25 

Tex 114 M-D Curve for Base each $155.00 $330.00 $242.50 

Tex 115 Nuclear Density hour $31 .50 $37.50 $34.50 

Tex 116 Wet Ball each $135.00 $200.00 $167.50 

88 



CHAPTER FOUR -MODELS USED IN RECIPPE 

PERFORMANCE MODELS 

The three performance models investigated in the study were: 

1) Permanent deformation in the ACP layer (Finn et al., 1984): 

ACP layers that are less than 6 in. thick 

log RR = -5.617 + 4.343log w0 - 0.167log(N18 ) -1.118log O"c 

ACP layers equal to or greater than 6 in. in thickness: 

(4.1) 

log RR = - 1.173 + 0.717log w0 - 0.658log(N18 ) + 0.666log ac (4.2) 

where RR is the rate of rutting in micro-inches (1 J.Lin. =10-6 in.) per axle load repetition, 
W 0 is the surface deflection in mil (1 mil=l0-3 in.), <Jc is the vertical compressive stress 
within the AC layer in psi, and N 18 is the equivalent 18-kip single-axle load in 105 ESALS. 

2) Permanent deformation in the subgrade (Huang, 1993): 

Nd = f4 (EJ -!5 (4.3) 

where Nd is the allowable number of load repetitions to prevent rutting, Ec is the 
compressive strain at the top of subgrade and parametersf4 andf5 are design constants. 

3) Pavement failure as a result of fatigue cracking (Huang, 1993): 

N 1 = t; (EJ-1' CEACP r 1' (4.4) 

where N1 is the allowable number of load repetitions to prevent fatigue cracking, £ 1 is the 
tensile strain at the bottom of the ACP layer, EAcP is the elastic modulus of asphalt­
concrete layer (in psi), and parametersf1 through!J are design constants. 

Table 4.1 provide a list of coefficients for performance models in Equations 4.3 and 4.4. These 
models can be used in the mechanistic analysis developed for this project and can be 
incorporated into the program. The calibration and validation of these models are outside the 
scope of this project. 
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Table 4.1- Fatigue Cracking Model and Rutting Model Parameters used to 
D t . R L"~ f Fl "bl P t e ermme emammg 1 eo a ex1 e avemen 

Fatigue Cracking Model 
Subgrade Rutting 

Model Nf= !I ( &) -j2 (EAcY13 Model 
Nd =.f4 ( t;,) ..JS 

jj fz !J !4 f s 

Asphalt Institute 0.0796 3.291 0.854 1.365xto-9 4.477 

Shell 0.0685 5.671 2.363 6.15x10-7 4.0 

Shell (50% reliability) - - - 6.15x10'7 4 

Shell (85% reliability) - - - 1.94x10·7 4 

Shell (95% reliability) - - - 1.05x10.7 4 

Illinois Dept. of Transportation SE-6 3 - 3 -

Transport and Road Research Laboratory 1.66* 10·IO 4.32 - 4.32 -

U.K Research & Road Research Laboratory (85% 
- - - 6.18x10-8 3.95 

reliability) 

University of Nottingham - - - 1.13x10-6 3.571 

Belgian Road Research Center 4.92*10'14 4.76 - 3.05x10'9 4.35 

New Mechanistic Design Guide (MDG) 
(National Calibration Factors 1) 

for top - bottom cracking , I 
ko == 

0.003602 
0.000398+ 

1 + e(•o.cn-J.49h" ) 
0.00432k. ,c 3.9492 1 - -

for bottom-top cracking, . I 
k I = 

0.003602 
0.000398+ 

1 + e(o5.676 '·"'86""· l 
hAc is thickness of ACP layer and C is laboratory to field 
adjustment factor 
Note: constants are for US customary units 

MATERIAL MODELS 

As illustrated in Chapter Two, the methodology of the program depends on the material 
characteristics models and pavement performance models. Throughout the research of this 
project, several material models were identified that could be used in the program. 

ACP Models 

The material models selected for the ACP layer are summarized the Table 4.2. The Witczak 
1982 model was first used in the study to determine the feasibility in the use of the methodology 
developed in this project The other models were subsequently added to the software package 
RECIPPE. 
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Base and Subgrade Models 

Several material models were discovered during the literature review phase of this project for the 
base and subgrade layers. Some of the models are summarized in Table 4.3. All these models 
can be generalized by the following constitutive model: 

[ ]
k2 [ ]k3 M = k P !!_ r ocr 

R I a p p 
a a 

(4.5) 

where B = 0"1 + a 2 + a 3 =bulk stress; '!'oct =octahedral shear stresses; Pa =atmospheric pressure, 

and k1, k2 and k3 are multiple regression constants evaluated from resilient modulus test data from 
equations developed from a regression procedure that relate the regression constants to 
construction parameters. 

One of the biggest challenges in this study was finding regression constants that relate 
construction parameters. The first success in finding such parameters was from a study carried 
out for Georgia DOT. Santha (1994) presented equations for regression constants defined for 
both granular and cohesive soils. Those equations were used in most part of the research study 
and are set as the default values in the program. At the latter part of the study, regression 
equations from Minnesota and Indiana DOTs were found . The regression equations for the 
material model parameters are summarized in Table 4.4 and 4.5. 
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Table 4.2- Summary of Material Models for ACP Layer 
p200 

log EAc = 5.553833 + 0.028829 ___,..~,.-- 0.03476 Vv f 0.17033 

+ 0.070377 + 0 000005 (1.3+0.49825 log/) P 0.5 -TJ · t p ac 

p 0.5 

0.00189 t p (1.3+0.4
9825 

log /) Jcl.l + 0.931757 J -002774 + 3 

EAc =dynamic modulus of AC mix (in psi), 7] =bitumen viscosity (in 106 poise) at 70~,f= load 
frequency (in Hz), Vv = percent air voids in the mix by volume, Pac = percent effective bitumen 
content by volume, and P200 = percent passing No. 200 sieve by total aggregate weight. 

log IE Ac I= -1.249937 + 0.029232 P200 -0.001767 (P200 Y 
vbeff + 0.002841 p4 - 0.058097 v a - 0.808808 ( ) 

v beff + v a 

[3.871977 - 0.0021 P4 + 0.003958 P38 - 0.000017 (P38 Y + 0.00547 P34 ] 
+~--------------~~~~--~-=~~~~--~~----------~~ 1 + e (- 0.6033 13 - 0.31335 log (! }-0.393532 log('l )) 

EAc =dynamic modulus of AC mix (in 10"5 psi), 77 =bitumen viscosity (in 106 poise) at 70~,f= 
load frequency (in Hz), V, =percent air voids in the mix by volume, Vb•ff= percent effective bitumen 
content by volume, and P200 = percent passing No. 200 sieve by total aggregate weight, P4 = 
cumulative percent retatined No.4 sieve by total aggregate weight, P34 =cumulative percent retatined 
No. 3/4 sieve by total aggregate weight, and P318 =cumulative percent retatined No. 3/8 sieve by total 
a_ggre_gate weight. 

log I E Ac I= -0.261 + 0.008225 P200 - 0.00000101 (P200 Y 
V beff 

+ 0.00196 p4- 0.03157 va- 0.415 ( ) 
vbeff + v a 

[1.87 + 0 .002808 P4 + 0.00000404 P38 - 0.0001786 (P38 Y + 0.0164 P34 ] 
+ ~--------------~------~----~~----~~--~~----------~~ I + e (- o 7 16 log(! )- o 7425 log (11 )) 

I £ * 1 . = P [4 2000Qf.fl- VMA)+31G* I . (VFA xVMA)]+ 1
-Pc 

II/IX c , , vl 100 !JIIId<r 10,000 r(1 - VMA ) 
100 VMA 

~----~+ ----------
4,200,000 3VFA I G* lb,"d" 

( 
VFAx3i G* I . )o.ss 20+ hmder 

P, = ( VMA * )'" 
650+ VFAx31G !binder 

VMA 

VMA =Voids in mineral aggregates(%), VFA =Voids filled with asphalt(%), and IG *Ibinder= shear 
complex modulus of binder (psi) 



Table 4.3 - Summary of Material Models 
or ase an u •gra e ayers ompson e a., ~ B d S b d L (Th t I 1998) 

M R= k,Bk2 
K- 0 Model 

M - k Bk2a k3 
Uzan Model 

R- I d 

ad =a, - a 3 =deviator stress 

Octahedral Shear 
M =kP[~]l~J Stres& Model R I a p p 

a a 

Itani Model 

M = k p [I} r 0" .,. 0" .,. R I a 
3 

d 3 

where a3 =confining stress; k3a and k3b are multiple regression constants 

M = k Bk2 (& )k3 
UTE~ Model R I a 

&a= induced resilient axial strain 

UT -Austin Model 
M - k Bk2 a k3 R- I 3 

a3 = confining stress 

M R= k1 +k3a(k2 -ad) when ad<k2 
Bilinear M R= K 1 +k3h(ad - k2 ) when ad > k2 

Approximation 
(Arithmeti<; Model) 
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Table 4.4 - Summary of Regression Equations 
fork-Parameters of Equation 3.5 Developed for GaDOT 

Log (k1) = 3.479-0.07 MC + 0.24MCR + 3.68lCOMP + 0.011SLT + 0.006CLY 

- 0.025SW- 0.039DEN + 0.004( SW
2 J + 0.003( DEN

2 J 
CLY S40 

MCR represents the ratio of moisture content (MC) to optimum moisture content, 
COMP is the degree of compaction and SA TU is the degree of saturation, S40 
represents the percent passing sieve #40, SLT is the percent of silt, CL Y is the 
percent of clay, SW is the percent of swell value, SH is the percent of shrinkage, 
DEN is the maximum dry density (in pcf) and CBR is the California bearing ratio 
k2 = 6.044- 0.0530MC- 2.076COM P + 0.0053SATU - 0.0056CLY + 0.0088SW 

- 0 .0069SH - 0.027 DEN+ 0.0 12CBR + 0.003[ SW
2 J-0.31 (SW + SH) 

CLY CLY 

OMC is the o_ptimum moisture content 
k3 = 3.752- 0.068MC + 0.309MCR- 0.006SLT + 0.0053SLY + 0.026SH 

-0.033DEN -0.0009(SW
2 J +0.00004(SATU

2

J -0.0026CBR(SH) 
CLY SH 

Log(k1 )= 19.813 - 0.0450MC - 0.131MC - 9.171COMP+0.0037SLT +0.015LL 

- 0.016P/ - 0.021SW -0.052DEN +0.00001S40(SATU) 

:::: 
0 

ifJ PI and LL values, which stand for the plasticity index and liquid limit, respectively 
Q) 

> 
- ~ k2 = 0 
..s:: 
0 
U k3 = 10.274 - 0.097 * MOIST - 1.06 * MCR - 3.471COMP + 0.00885 40 

- 0.0087?/ +0.014SH - 0.046 * DEN 



Table 4.5 - Regression Equations of Material Models for Subgrade Layers Developed 
B d R h f T taf A . f M. t d I d . ase on esearc 0 ranspor lOll . genctes o mneso a an n tana 

k1 =5770.8-520.98DEN°5 -3941.8MC05 +33.1P/-36.62LL-17.93P200 

~,--.., v; 
MC is the moisture content, DEN is the maximum dry density (in pcf) , P200 o- -· ..-< 

Cl~ 0 represents the percent passing sieve #200, PI and LL values stand for the plasticity 
ro o 

(/) 

c;::E «.) index and liquid limit, respectively > 
~ a ·u:; 

k2 =5409.9-306.18DEN°·1 -82.63MC+0.033P/ +0.138SAND-0.04ILL «.) 
C N ~ .s ~ 0 
;:E'-' u 

SAND is the percent of SAND 

k3 == -5.334 + 0.000316DEN3 + 9.686MC - 0.054?1 + 0.046LL + 0.022?200 

Log(k1) = 6.660876- 0.221360MC- 0.04437 MC- 0.92743MCR- 0.06l33DEN 

+ l0.64862COMP + 0.328465SATU - 0.04434SAND - 0.04349SLT 

- 0.01832CLY + 0.027832LL- 0.01665Pl 

v; 
MCR represents the ratio of moisture content (MC) to optimum moisture content ,--.., -~0 ·a 
(OMC), COMP is the degree of compaction and SATU is the degree of saturation, 0..---; (/) 

Cl~ "0 SLT is the percent of silt, CLY is the percent of clay, and SW is the percent of swell c «.) 

ro o c value c ...... ...... 
ro ......, ro 
...... ~ 1-< k2 = 3.952635 - 0.338970MC + 0.076116MC - 2.45921MCR - 0.06462DEN bi) 
"Ocr I 

..Sw «.) 

+ 6.0 l2966COMP + l .559769SATU + 0.020286SAND + 0.002321SLT c 
'-' [; 

+ 0.011056CLY + 0.077436LL - 0.05367 PI 

k3 = 2.634084+0.124470MC - 0.09277MC +0.366778MCR - O.OII68DEN 

- 1.32637COMP + 1.297904SATU -O.Ol226SAND-0.00512SLT 

+ 0.00492CLY - 0.05083LL + 0.018864P/ 
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CHAPTER FIVE -STRATEGY TO UTILIZE RECIPPE FOR 
QUALITY ASSURANCE 

The methodology presented in this research provides a means of assessing construction 
consistency for a flexible pavement system. Thus far, the methodology and the algorithms were 
discussed and documented. Also, material model development, calibration and development 
were presented. To assist in utilizing RECIPPE, a strategy is provided in this chapter. 

The main purpose of this research was developing a tool to ultimately optimize effectiveness of 
inspection and testing resources during construction given TxDOT limited resources by: 

1. Estimating if variability of construction parameters meets the owner's expectations for a 
reasonably uniform pavement life. 

2. Identifying the construction parameters to focus on during construction inspection, m 
order to reduce pavement life variance and increase reliability. 

3. Tracking and identifying out of control procedures during construction. 
4. Improving construction practices through process control. 

Figure 5.1 outlines the overall purpose of RECIPPE. The first part of the figure shows a 
representation of pavement performance. As depicted in the figure, pavement performance can 
be specified based on level of damage with time. Therefore, for a certain specified time period, a 
pavement is designed to withstand a certain level of damage caused be traffic loading and 
environmental factors. However, due to inconsistencies in construction practices along the 
length of the pavement, the pavement quality varies from one section to the next, and as a result 
damage is accumulated faster than estimated in the inferior sections, and therefore, the life of the 
pavement is shortened. 

The primary objective for this research was to develop a tool to mm1m1ze variability of 
performance to ensure that pavement life is achieved based on design specification (listed in the 
right side of Figure 5 .1 ). To address this objective, the strategy was to develop a tool that can be 
used to identify and track pavement properties for quality control. In this case, pavement 
properties are the layer thickness and layer moduli. These parameters are the main components 
used in estimating the pavement performance. For each of these parameters, certain variability 
exists, and depending on the pavement system, these parameters can cont1ibute differently to 
performance. This means that by identifying which of these parameters is found significant and 
by controlling the variability of those parameters, variability of performance can be managed. 
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To address this strategy and meet the objective, RECIPPE was developed to identify significant 
pavement properties and provide a process control tool for quality assurance. 

Pavement 
Per(onnance 

Pavement Properties 

I 

---
Time 

I 

' ' I 

... .,. ..... 
J: 

I : 

,, 
..-..'""""' ..... " 

Material Models 

Laboratory Testing 

Field Testing 

Nominal/Design 

1\ :: Field Testing 
t,-~-......_ 

Nominal/Design 

Objective: minimize variability of 
performance to ensure that pavement 
life is achieved based on design 
specification. 

Strate~:y: Identify and track pavement 
properties for quality control. 

RECIPPE: Help execute the strategy to meet 
objective by identifying significant pavement 
properties and provide a process control tool for 
quality assurance. 

Figure 5.1 - Process of using RECIPPE to Ensure Uniform Pavement by Monitoring 
Pavement Layer Information 

In order to present different ways that RECIPPE can be utilized, it is beneficial to first 
summarize the different types and levels of input that can be incorporated into the program. 
Table 5.1 provides a summary of inputs categorized by levels according to the type of data used. 
In this table the input levels are divided into three categories for each of the pavement layer 
properties. Level 1 is designated for design values. This is data that is easily obtainable and 
requires neither field nor laboratory efforts. This type of input is best used when no other 
information is provided or to supplement the input to RECIPPE since pavement layer 
information for all layers is required to carryout the analysis. Level 2 and Level 3 inputs require 
field and laboratory measurements. Both these levels of input are necessary when a significant 
pavement property is identified. In most cases, Level 2 input indicate direct measurements of 
layer property and Level 3 input requires the use of material models that is based on construction 
parameters to estimate layer properties. 

For the layer thickness, the ACP layer can be measured from cores and or Ground Penetrating 
Radar (GPR), and the base and subgrade layer can be measured form cores or Dynamic core 
penetrometer (DCP). For the ACP modulus the information can be provided based on V -meter 
test using cores and or PSPA field measurements (Level 2) and material model such as those 
presented in Table 4.2. Finally, the base and subgrade modulus can be measured using devices 
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such as the Dirt Seismic Pavement Analyzer (DSPA) or an equivalent system in the field and or 
laboratory testing such as resilient modulus with in-situ material from the field (Level 2). The 
DSPA is one tool that can be used for quality control to measure the elastic moduli of base and 
subgrade layers. For Level 3 input, material models, such as those presented in Figures 4.3 
through 4.5, can be used for estimating the layer moduli. 

Table 5.1 - Input Levels for Estimating Pavement Layer Properties 

Material Property Input Type of Data Methods 

Level 1 Design Nominal 
ACP Thickness Level2 

Measured 
Cores 

Level} GPR 

Base and Subgrade 
Level 1 Design Nominal 
Level2 Cores 

Thickness 
Level3 

Measured 
DCP 

Levell Design Nominal 

Level2 Measured 
Cores (V -Meter) 

ACP Modulus 
PSPA 

Construction parameters such as 
Level 3 Material Model Gradation and volumetric 

information 
Level 1 Desi_gn Nominal 

Measured DSPA 

Material Model 
DSPA and assumed material 

Base and Subgrade 
Level2 parameters 

Modulus Measured & 
DPSA & Resilient Modulus 

Material Model 
Construction parameters such as 

Level} Material Model Gradation and volumetric 
information 

RECIPPE is separated into two phases: pre-construction and post construction. Figure 5.2 is a 
flowchart of the progression of utilizing different levels of inputs in RECIPPE. For the pre­
construction phase, a dry-run can be initially carried out based on Level 1 input. Level 1 input is 
based on the pavement system design values with their associated variability, which can be 
assumed base on experience and or historical information. Based on results of the dry-run, 
significant pavement parameters can be identified. This allows users to decide on the input 
levels to use when stating the analysis is pre-construction mode. Level 1 inputs can be used for 
the parameters not found significant. The inputs for the more significant parameters can be 
measured based on the Levels 2 and 3 protocols. Once the levels of inputs are defined, 
RECIPPE can be processed in pre-construction mode followed by post-construction mode. 

In the post-construction phase, the parameters that are identified as significant are used to 
determine a set of sampling frequencies for inspectors to use in control charts to ensure quality of 
the construction process in an optimized manner. 
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Figure 5.2 - Flowchart of RECIPPE to Ensuring Uniform Pavement Construction 

Three general scenarios are presented to illustrate how RECIPPE can be used at different stages 
and with different levels of input. Table 5.2 presents a general scenario for a pavement where 
the subgrade layer properties were identified as significant. The information in the table presents 
the levels of input for the layer moduli. For this scenario, the input to the RECIPPE for the top 
layers can be provided as Level 1 input. However, the input for the subgrade layer moduli can 
be provided either based on Level 2 input or Level 3 input. Based on Table 5 .2, Level 2 input 
could be a direct field measurement using a device such as the DSPA. This would measure the 
elastic modulus of the layer and thereby uses the linear elastic algorithm in the program for the 
subgrade layer. The other Level 2 option is to combine the field measurements from DSPA with 
laboratory tests such as the resilient modulus test that is used for detennining the k-parameters of 
the nonlinear model. The modulus from the DSPA can be used to calculated k1 and the results of 
the resilient modulus for k2 and k3 parameters. This allows the constitutive model listed in Table 
5.2 as the material model for the analysis. The last input level is Level 3, which requires the use 
of constitutive models that uses regression equations to estimate the k-parameters. These 
regression equations are functions of construction parameters. Chapter 3 provides a list of 
regression equations from various regions in the country that can be used to estimate the k­
parameters. Also, Equations 4.12 through 4.14 developed under this project with a limited 
database can be used for Level input. At the present time, due to the lack of comprehensive 
models for Texas, it is not recommended to use Level 3 input. 
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Table 5.2 - Input Levels of Design Parameters for Subgrade Layer 

Parameter Input Material Type Methods 
Thickness Level3 - Cores 

Line u@:l~s i~d k3 
DSPA used in the field for quality 
control to measure layer moduli 

MR =k1Pa P P directly 
Nonlinear bas ~daon ~.ons 1tutive - DSPA is used to Estimate k 1 

Level2 
Model - k2, and k3 are assume from 

literature based on material quality 
- DSPA is used to Estimate k 1 

Modulus 
- Resilient Modulus performed in 

the laboratory on in-situ material to 
determine k2, and k3 

Nonlinear based on Constitutive 
k1, k2, k3 are estimated based on 

Level3 Model 
regression equations that are 

(same as equation in Level 2) 
functions of construction 

parameters 

Note: 1) ACP and Base layer infonnation are based on design values. 

The next scenario is for a pavement system where base layer properties were identified as 
significant. In this case, the input to RECIPPE for the top layer can be provided as Level 1 input, 
and input to the subgrade layer could be the results from scenario one represented as a mean and 
standard deviation. For the base layer moduli (significant parameter) information from either 
Level 2 input or Level 3 input can be used. The information in Table 4.3 presents the levels of 
input for both the layer thickness and the layer moduli. The two main properties for the base 
layer are the thickness and layer moduli. For the base layer thickness, the monitoring tool can 
either be to measure cores directly (Level 2) or DCP field testing (Level 3). 

Based on Table 5.3, Level 2 input for the base layer moduli is similar to the Level 2 input for the 
subgrade layer. This can be a direct field measurement using DSPA (or an equivalent device) or 
a combined field measurements from DSPA and laboratory tests using the resilient modulus 
results. Also, Level 3 input is same as that presented in for Level 3 input of the subgrade layer, 
which is to use regression equations to estimate the k-parameters of the constitutive model. 

The last scenario presented involves an analysis where ACP layer properties were identified as 
significant. Input levels for the top layer are summarized in Table 5.4. The thickness of the top 
layer can be monitored either by cores or GPR, which are designated as Levels 2 and 3, 
respectively. For the layer moduli Level 2 input, two options are presented: a) V-meter 
measurements of cores to estimate layer moduli directly and b) direct measurement of the 
modulus in the field using the PSPA or an equivalent system. For Level 3 input the material 
models listed in Table 4.2 can be selected to estimate the layer moduli based on construction 
parameters. The input for the lower layers in this scenario can be provided as Level 1 input. If 
any parameter of the lower layers was found significant, then the statistics from that analysis can 
be incorporated into this scenario. 
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Table 5.3 -Input Levels of Design Parameters for Base Layer 

Parameter Input Material Type Methods 

Level2 Cores 

Thickness -

e k2 k) DCP can be used to estimate 
Level3 

MR =kiPu 
ad - thickness value 

pa pa 
DSPA used in the field for quality 

Linear Elastic control to measure layer moduli 
directly 

Nonlinear based on Constitutive - DSPA is used to Estimate k 1 

Model - k2, and k3 are assume from 
Level 2 literature based on material 

qualiry 
- DSPA is used to Estimate k 1 

Modulus - Resilient Modulus performed in 
the laboratory on in-situ material 

to determine k2, and k3 

Nonlinear based on Constitutive k1, k2, k3 are estimated based on 

Level 3 
Model regression equations that are 

(same as equation in Level 2) functions of construction 
parameters 

Note: 1) ACP layer information are based on design values. 
2) Subgrade layer information is based on either design values or actual field data estimated in 

Scenario 1 from either level 2 or level 3 inputs. 

As demonstrated from the three scenarios presented, RECIPPE can be used at different stages of 
a construction project and at different levels of input to monitor variability of construction. At 
this stage of the program, a combination of Level 1 and Level 2 inputs are recommended in the 
analysis until more elaborate material models can be developed and calibrated for Texas. 
However, Level 3 inputs provided in the program should be investigated further since for that 
level, construction parameters can be related directly to performance. A user's guide for 
RECIPPE is included in Appendix A. Also, a training web site located at http://ctis.utep.edu 
makes available training modules for the program. 
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Table 5.4- Input Levels of Design Parameters for ACP Layer 

Parameter Input Material Type Methods 

Level2 Cores 
Thickness -

Level 3 GPR 

V -Meter to measure layer elastic 
moduli directly from cores 

Lab testing to determine the 
viscous properties of the material 

Level2 Linear Visco-elastic PSPA used in the field for quality 
control to measure layer moduli 

Modulus 
directly 

Lab testing to determine the 
representative viscous properties 

of the material 

Linear Visco-elastic 
Construction parameters such as 

(Material Model such as 
Level3 Gradation and volumetric 

regression equations based on 
information 

Master Curve) 

Note: 1) Base and subgrade layer information is based on either design values, level linput, or actual field 
data estimated in Scenarios 1 and 2 from either level 2 or level 3 input. 
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CHAPTER SIX - SUMMARY AND CONCLUSION 

SUMMARY 

The goal of this project was to develop a rational algorithm that can be used in practice for the 
quality control of construction of pavements. As such, a method was developed, which for a 
given project, will guide TxDOT personnel to determine what parameters would significantly 
impact the performance, what parameters will moderately impact and those that are of small 
importance. The level of acceptable deviations from the target design value for each parameter 
is established based on quantification of the variability of the construction parameters introduced 
by: (a) the construction processes, (b) the material properties, (c) the models used to predict 
pavement performance and those used for data analysis, and (d) the resolution of the procedures 
used in the field for quality control. 

The software developed utilizing the algorithm is called Rational Estimation of Construction 
Impact on Pavement Performance (RECIPPE). It can be used to reconcile the results from 
pavement-performance models used in the state of practice, or those widely accepted by state 
agencies, with statistical process control techniques and uncertainty analysis methods, to 
determine project-specific parameters that should be used in construction quality management. 

This is the fomth report in this project. The first report introduced the algorithm and the link 
between the construction processes and performance parameters. The second report provided a 
limited validation of the methodology. The third report focused on presenting the enhanced 
features of the program RECIPPE and the calibration and development of the material models. 
This report discusses the final phase of the project. The validation of the models is presented and 
the application of RECIPPE based on different input levels is discussed. 

CONCLUSIONS 

RECIPPE presents a process that can be used in a practical manner to optimize pavement 
performance. Furthermore, the latest version of the process is versatile and avails complete 
modularity, which allows for new material and performance models to be inputted and/or 
calibrated as needed. Even though a limited number of sites were used to develop calibrated 
material models the results from RECIPPE and the methodology presented in this study is a step 
towards a more rational estimation of pavement remaining life from construction parameters. 
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The current RECIPPE program can be used to: 

106 

• Generate constructions parameter values that will meet owner's needs for pavement 
life 

• Identify the construction parameters to focus on, in order to reduce pavement life 
variance and increase reliability 

• Track and identify out of control procedures during construction 
• Reduce sampling costs by optimizing the frequency of testing 
• Create databases that can be used in future projects 
• Lower variability of construction practices 
• Perform quality control and/or quality assurance of construction practices 
• Focus manpower on specific parameters and reduce costs 
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