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1fiST:IRODUCTION 

The Minnesota Road Research Pro jec t  (Mn/Road) s i te  is a new 
pavement research  f a c i l i t y  which is presently under cons t ruc t ion  
and is loca ted  i n  Wright County 40 m i l e s  northwest of  t h e  metro 
area.  cons t ruc t ion  began i n  1.989 w i t h  t he  inst;:allation of,.a Weigh-­
in-Motion ( W I M )  s c a l e  and a fu.:LlyAutomated Weather S t a t i o n  ( A W S )  ,, 
The cons t ruc t ion  completion ctate is scheduled f o r  t h e  f a . 1 1  of 1991 ', 
One of two test' roads w i l l  be located adjacent t o  westbound 1-94, 
between A l b e r t v i l l e  and Mon1:icello. Upon completion freeway
t r a f f i c  w i l l  be deviated on to it. The other  t es t  road w i l l  be il 
low volume loop b u i l t  next to t he  s i t e ,  s p e c i f i c a l l y  designed a:; 
a test  t r ack .  This  f a c i l i t y  w i l l  enable t h e  Minnesota Department:
of Transpor ta t ion  t o  evaluate! pavement performance under actualt 
ex i s t ing  condi t ions.  . The e,nd r e s u l t  w i l l  be  improvement of 
pavement design methods, inareasing pavement, performance. 

Through t h e  co l l abora t ing  ef f lor t s  of t h e  Minnesota Department of 
Transportat ion and . t h e  University of Minnesota a p1a.n has been 
devised which w i l l  i nves t iga t e  14 major pavemen't research  
objec t ives .  These 1 4  objectrives are based on consul tan t  w o r k  
performed by M a t t h e w  W. Witcziak. Each objec t ive  d e a l s  with t h e  
effects on pavement performance due t o  design procedures,
mater ia l s ,  t r a f f i c  loadings,  alnd the! elements of nature .  I n  o r d e r  
t o  more f u l l y  understand how these  d i f f e r e n t  parameters a f f e c t  t he  
s t r u c t u r a l  s t a b i l i t y  and performance of pavements ex tens ive  
research w i l l  be required.  

The Mn/Road f a c i l i t y  w i l l  :be!. made up of 4 0  d i f f e r e n t  pavement
designs each incorpora t ing  t h e  parameters of i n t e : r e s t  t o  t h e  
researcher .  The main:Line test road w i l l  have b u i l t  i n t o  it 23 
sec t ions  (14 a s p h a l t  and 9 colncrete surface) and t h e  low volume 
road w i l l  con ta in  17 test s;ectioms (8 aspha l t ,  5 concre te ,  
t r e a t e d  aggregate,, and 2 aggxegrate surface)  . Theses test s e c t i o n s  
( o r  cells) have been - desfgned using various th icknesses  and 
mater ia l s  (see Appendix A ) .  The l o w  volume road i s  designed f o r  
a service l i f e  of about t h r e e  years  while 9 nuainl.ine s e c t i o n s  are 
designed for  f i v e  yea r s  and[ 1 4  mainline sec t ions  f o r  t e n  yea r s .
Each section w i l l  be approximitely 500 feet i n  length wi th  tapered
t r a n s i t i o n s  sepa ra t ing  t h e  ri;ections. 

These sections w i l l  be heav:llly instrumented, sampled, and t e s t e d .  
A large p o r t i o n  of t h e  da t a  w i l l  be co1:Lected through senso r  
implants w i th in  t h e  d i f f e r e n t  pavement l aye r s  at: s p e c i f i e d
loca t ions .  Both the  collect:.ion and recording of t h i s  d a t a  w i l l .  be 
automated through computer lliardware and software 

T h i s  r e p o r t  desc r ibes  t h e  14 Mn/Road research ob jec t ives .
Although, each ob jec t ive  st:i:Ll needs t o  be expanded i n t o  one o r  
more ind iv idua l  research pro-jects .' The majority of these pro] ects 
w i l l  each r e q u i r e  5-10 years  of research t o  c:omplete. Each pro:ject. 
w i l l  be assigned t o  a p r inc ipa l  inves t iga tor  who w i l l  conduct t h e  
research and complete inter:imi and f i n a l  r e p o r t s .  
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Research Objective #1 


Ver i f i ca t ion  of E m p i r i c a l  Design Models Falr 

Various Types olf Pavements 


David E. Newcomb 
-: 

BACKGROUND 

Exis t ing  design procedures f o r  new pavements are based on 
empir ica l ly  defined r e l a t ionsh ips  which were developed up to 4 0 
yea r s  aqo. The standard performance models f o r  r i g i d  and f l e x i b l e  
highway pavements w e r e  those which resu l ted  from t h e  AASHO Road 
T e s t  i n  t h e  e a r l y  1960's. : 1 C t  is questionable whether t hese  models 
hold t he  same v a l i d i t y  as thLey did a t  t h e  t i m e  of t h e i r  development
because t h e  materials f o r  pavements and the t r a f f  I.(: condi t ions 
under which they must perform have changed dramatical ly .  The 
a v a i l a b i l i t y  of information on traffic, ,  weather, and mater ia l s  a t  
t he  MRRP w i l l  allow researchers tlo examine the adeqpacy of t he  
c u r r e n t  performance models. 

PURPOSE 

T h i s  research pro jec t  is  meant t o  ascer ta in  t he  value of cu r ren t  
design procedures and performance modelts f o r  r i g i d ,  :f.Lexible, and 
aggregate surfaced pavements. For the  immediate fu ture ,  t h e  
r e s u l t s  should i n d i c a t e  whether pavements i n  general a r e  being
underdesigned or  overdesigned. I n  t h e  long term, it:: is expected
t h a t  improved performance xnodels c!ould be developed which would 
more accu ra t e ly  reflect pavement behavior i n  Minnesota's c l h a t e  
and t r a f f i c  condi t ions.  These performance models should be s u c h  
t h a t  t;.isy may be incorporated i n t o  .whatever cmpiricalt o r  
mechanistic-empirical design procedure is i n  use iIt t h e  time of 
t h e i r  development. The g r e a t e s t  bene f i t  which could r e s u l t  from 
t h i s  p r o j e c t  would be a rat:ionally determined performance model. 

APPROACH 


Standard t raff ic  and mater ia l s  information used fn t he  c u r r e n t  
design methodologies f o r  t h e  t h r e e  sur face  type:; should be 
collected for  input  t o  t h e  design/'performance equations. These 
should i n d i c a t e  what pavement l i fe  can be expected from a given
sec t ion .  A comparison can t h e n  be made between t h e  expected and 
a c t u a l  va lues  of pavement l i f e .  
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Researclh O b j  ect , ive # 1-A 

V e r i f i c a t i o n  of Empirical Design Models For 
N e w  Aggregat::e Surfaced Pavements 

1:L/ 19/8 9 
David E. Newcomb 

BACKGROUND 
The 1986 AASHTO Guide f o r  t h e  Design of Pavement. S t r u c t u r e s  
provides a method f o r  the design of aggregate sur faced  roads.  T h i s  
procedure is based on the losr; of s e r v i c e a b i l i t y  of t h e  road and 
t h e  depth of r u t t i n g  expected f o r  a given .Level of t ra f f ic  on 
d i f f e r e n t  q u a l i t y  materials i n  var ious climates. This approach is 
one of t h e  f e w  a v a i l a b l e  to the  p rac t i c ing  engineer  which 
incorpora tes  s t ruc tura l  cons%derationsi n t o  l o w  volume road d e s i g n ,
The problem wi th  implementing t h i s  procedure i.s t h a t  t h e r e  is very
l i t t l e  d a t a  t o  v a l i d a t e  it with e s s e n t i a l l y  no d a t a  being a v a i l a b l e  
i n  co ld  climates such as Minnesota. 

PURPOSE 

The purpose of t h i s  research would be t o  provide da t a  f o r  t h e  
v a l i d a t i o n  o r  modif icat ion of t h e  AASHTO des ign  approach f o r  
aggregate sur faced  pavements. The r e s u l t  o f  t h i s  e f f o r t  would be 
t h e  p o s s i b l e  implementation of t h e  AASHTO design procedure a t  t h e  
l o c a l  government level i n  Minnesota. The study would hie conducted 
by monitoring t h e  performance of t h e  aggregate surfaced s e c t i o n s  
a t  t h e  MRRP and compar,ing t h e  actual performance t:o tha.t p red ic t ed  
by t h e  AASHTO method. 

APPROACH . 

The test  cells which would be s u i t a b l e  for t h i s  purpose would be 
LVR-A-1 and LVR-A-2. One of these  w i l l  be constructed with a c lean  
aggregate and t h e  other w i l l  be b u i l t  with an aggregate having a 
h igher  percentage of ma te r i a l  smaller  than t h e  No. 200 sieve. The 
reason f o r  having these two mater ia l s  i s  t o  understand t h e  
con t r ibu t ion  of p l a s t i c i t y  of t h e  aggregate to t h e  performance of 
t h e  pavement. It is argued t h a t  while a higher percentage of f i n e  
ma te r i a l  w i l l  weaken t h e  pavement system, a cer ta in  amount of f i n e s ,  
a r e  necessary i n  order  t o  give t h e  material  some cohesion. 

Rut dep th  and serviceability would be measured p e r i o d i c a l l y  a s  
t r a f f i c  w a s  appl ied  t o  t h e  s e c t i o n s .  The re la t ionshi .ps  of t h e s e  
performance measurements t o  t r a f f i c  leve ls  arid aggregate material. 
p r o p e r t i e s  would be determirked through regression ana1,ysis. S i n c e  
there w i l l  o n l y  be one cl imate  and subgrade type a v a i l a b l e ,  t h e s e  
v a r i a b l e s  w i l l  have t o  be evaluated through r e s u l t s  of sate1: l i t .e  
s t u d i e s  i n  Minnesota and o t h e r  s ta t , es .  One of t h e  problems t o  be 
surmounted i n  t h e  conduct of t h i s  research w . i l l  be t o  de t e rmine  ii 
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method f o r  measuring the  se rv iceab i l i t y  ( r i d e a b i li t y )  of aggregate 
surfaces. s e r v i c e a b i l i t y  W i 2 S  a concept which has been well t e s t e d  
f o r  aspha:lt and portland cement corirete sur faces ,  b u t  no t  f o r  
aggregate sur faces .  

Samples w i l l  be taken d u r i n g  construction i n  order: tc:, cha rac t e r i ze  
t h e  r e s i l i e n t  moduli of the  subgrade and aggregate .  su r f ace  
ma te r i a l s  a s  input  required fo r  t h e  AASHTO design procedure. These 
should be tested i n  t h e  saturated condition i n  frozen and thawed 
s t a t e s  as w e l l  a s  a t  optimum moisture content.  To coinc ide  w i t h  
t h i s ,  nondestruct ive t e s t i n g  w i t h  t h e  f a l l i n g  weight:. deflectmmeter 
should be done per iodica l ly  with subsequent backcalculat ion of 
l a y e r  moduli. 

Instrumentat ion is not  necessary t o  perform t h i s  s tudy,  blut t h e  
importance of -measuring temperature and moisture  con ten t s  a t  
d i f f e r e n t  depths  (as a minfmum) T w i l l  be discussed i n  subsequeni:
work plans.  The need fox placing response sensors  i n  t h e  roadway
w i l l  also be! discussed. 

Spec i f i ca t ions  need t o  be prepared f o r  t h e  production of t h e  
ma te r i a l  and placement during construction. It :Ls expected that, 
Mn/DOT s tandards  w i t h  a f e w  modifications w i l l  sufEice f o r  t h i s  
purpose. The MRRP manager w i l l  be respons ib le  for t h e  c o l l e c t i o n  
of t h e  cons t ruc t ion  and periodic performance da ta .  

RESOURCES 


The P I  must have a bas i c  understanding of how t o  apply s t a t i s t i c s  
i n  t h e  analysis of performance data.  The completion of t h i s  work 
should require 100 to 300 hours of technician and engineer t i n e .  
The cost should mainly be associated with t h e  l abor  involved i n  
co l l ec t i i l g  and analyzing the  data.  
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Researc:h Objective # l - E )  

V e r i f i c a t i o n  of EInpiriCal Design Model:; For 
N e w  F 1e x i b1e Pavements 

!. . -

It 1/19/8 9 
Davi.d E. Newcomb 

BACKGROUND 

The 1986 AASHTO Guide fo r  the!! [Yesign of Pavemelit S1:ructures and t h e  
Mn/DOT Road Design Manual prov.lde methods f o r  t h e  design of a s p h a l t
surfaced roads.  These procadures are based on t h e  expected l o s s  
of s e r v i c e a b i l i t y  of t h e  rozkd f o r  a given l e v e l  of t ra f f ic  on 
d i f  fererit q u a l i t y  mater ia l s .  They r e l y  heavily on t h e  performance
d a t a  co:l lected a t  t he  AASHO Road T e s t  which w a s  conducted i n  t h e  
la te  1950's i n  Ottowa, I l l i n o i s .  O v e r  me course of t i m e ,  changes
have been made t o  t h e  Minnesaltzii design method based on observa t ions  
of performance i n  t h e  s t a t e ;  however, t h e  bas i c  r e l a t i o n s h i p s  have 
been maintained. I n  t lhe  t i m e  s ince  t h e  Road Test, several changes 
have occxred i n  t ra f  f f c  c h a r a c t e r i s t i c s .  For ins tance ,  t h e r e  is 
a greater frequency of truck.s,, carrying heavier loads with h ighe r
t i re  pressures .  w h i l e  it is obvious t h a t  changes should be made 
i n  t h e  approach t o  pavement design, engj.neers have 1ack.ed t h e  d a t a  
t o  a s c e r t a i n  t h e  effects of t r a f f i c  changes. 

PURPOSE 

The purpose of t h i s  research woulcf be t o  provi.de data for  t h e  
va l ida t . ion  o r  modification of t h e  AASHTO anci Mn/DOT des ign
approaches f o r  f l e x i b l e  pavements. The r e s u l t  of t h i s  e!f f o r t  would 
be t h e  p o s s i b l e  implementation of t h e  updated desjign procedures a t  
t h e  s ta te  and l o c a l  l e v e l  j1.n Minnesota. The s tudy would be 
conducted- by monitoring the! performance of t h e  a spha l t  sur faced  
s e c t i o n s  a t  t h e  MRRP and comparing t h e  actual performance t o  t h a t  
predictced by t h e  AASHTO and Mfl/DOT methods. 

APPROAClH 

The test cells which would be! s u i t a b l e  f o r  t h i s  purpose would be 
LVR-F-8 to -15, ML5-F-1 to -4, and MLXO-F-14 t o  -23. Dif fe ren t  
q u a l i t y  m a t e r i a l s  f o r  surfacing and base courses w i l l  be 
incorporated i n t o  both ,the mainline and low-vsolume road 
experiments. The  low-volume road w i l l  have two types of subgrade
mate r i a l s .  There w i l l  be d i f f e r e n t  t r a f f i c  l e v e l s  f o r  t h e  mainline 
5- and 10-year experiments and t h e  low--voluXne? road. The m a i n l i n e  
s e c t i o n s  w i l l ,  be subjec ted .  t o  t h e  mixed t r a f f i c  of! an a c t u a l  

In te rs ta te ,  and t h e  :Low-vo:Lume road w i l l  have f ixed t r a f f i c  of 

known loads.  

Surface. distress and servicc:!al:~ility 
would be measured p e r i o d i c a l l y  
a s  t r a f f i c  was appl ied  t o  th 'e  sec t ions .  The r e l a t ionsh ips  of these 
performance measurements t o  t r a f f i c  leve ls  and mater ia l  qua1it:iec; 
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would be determined through regress ion  ana lys i s .  S i n c e  t h e r e  w i l l  
only be one c l imate ,  t h e  effect  of c l i m a t i c  v a r i a b l e s  w i l l  have t o  
be eva lua ted  through r e s u l t s  of s a t e l l i t e  s t u d i e s  i n  Minnesota and 
o t h e r  states.  

Samples of asphal t  mixtures ,  aggregate base and subbase m a t e r i a l s ,  
and subgrade materials w i l l .  be taken f o r  c h a r a c t e r i z a t i o n  by
r e s i l i e n t  modulus t e s t i n g  during cons t ruc t ion .  These va lues  w i l l  
be used i n  determining t h e  s t r u c t u r a l  c o e f f i c i e n t s  2nd effect ive 
roadbed r e s i l ' i e n t  modulus as they  are used i n  t h e  AASHTO 
performance equat ion.  Nondestructive d e f l e c t i o n  t:esl:ing and t h e  
backca lcu la t ion  of layer moduli W i l l  be done on a p e r i o d i c  bas i s  
i n  order t o  understand how changes i n  material p r o p e r t i e s  affect  
the  performance of f lexible  pavements. 

Ins t rumenta t ion  is n o t  necessary t:o plerform t h i s  s tudy ,  b u t  t h e  
importance of measuring t.ewperature and moistuke c o n t e n t s  a t  
d i f f e r e n t  depths (as a minimum) W i l l  be discussed h i  subsequent
work p lans .  The need fo r  p l ac ing  response senso r s  in t h e  roadway
w i l l  a lso be d iscussed .  

S p e c i f i c a t i o n s  should be prepared f o r  t h e  product.ion of t h e  
material and placement dur ing  constiruction by the  Bituminous 
Engineer. It. is a n t i c i p a t e d  t h a t  t h e  requirement f o r  spe ic i f ic
levels of a i r  voids  i n  t h e  a s p h a l t  mixtures w i l l  n e c e s s i t a t e  t h e  
several cons t ruc t ion  of seve ra l  test  s t r i p s .  The MRRP manager w i l l  
be r e spons ib l e  f o r  t h e  c o l l e c t i o n  of t h e  cons t ruc t ion  and p e r i o d i c
performance data.  

RESOURCES 

The PI must have a b a s i c  understanding of how t o  app:Ly statiistics 
i n  t he  a n a l y s i s  of performance da ta .  The completi.on of t h i s  work 
should r e q u i r e  500 t o  1000 hours of t echnic ian  and engineer  t i m e .  
The c o s t  should mainly be a s soc ia t ed  \with t h e  labor:' involved i n  
c o l l e c t i n g  and ana lyz ing  t h e  da ta .  



Research O bj ec:tive # 1-c 

Ver i f i ca t ion  of Empirical Design Models For 
N e w  Ri..gid Pavements 

BACKGROUND 

The 1986 AASHTO Guide f o r  t h e  Design Of Pavement S t r u c t u r e s  and t h e  
Mn/DOT Road Design Manual. provide methods; f o r  t h e  des ign
por t land  cement concrete Gurfaced roads. These procedures are 
based on t h e  expected 1 0 S E l i  of s e r v i c e a b i l i t y  of the! road f o r  a 
given level  of t raff ic  on d i f f e r e n t  qua l i t y  mater.ialS. They r e l y
heavi ly  on t h e  performance da ta  co l lec ted  at t he  AASHO R o a d  T e s t  
which w a s  conducted i n  t h e  late 1950's in O t t o w a ,  I l l i n o i s .  Over 
t h e  course  of t i m e ,  clhanges have been made t o  t h e  Minnesota d e s i g n
method based on observat ions of performance I.n t h e  s t a t e ;  however, 
the  b a s i c  r e l a t i o n s h i p s  have been maintained. I n  t h e  t i m e  s i n c e  
t h e  Road Tes t ,  several changes have occured i n  t r a f f i c  
c h a r a c t e r i s t i c s .  For instance,  t h e r e  is a g r e a t e r  frequency of 
t rucks ,  c a r r y i n g  heavier  1c:)adswith higher t i re  pressures .  While 
it is obvious t h a t  changes should be made i n  t h e  approach t o  
pavement design,  engineers have lacked t h e  d a t a  to a s c e r t a i n  t h e  
effects of t r a f f i c  changes,, 

PURPOSE 

The purpose of t h i s  research would be t o  provide d a t a  for t h e  
v a l i d a t i o n  or modification of t:he AASHTO and Mn/DOT design
approaches f o r  rigid pavemats .  The result of t h i s  e f f o r t  would 
be t h e  p o s s i b l e  implementat:.ion of . the updated desi.gn procedures a t  
t he  s ta te  and local. l eve l  i n  Minnesota. The s t u d y  would xje 
conducted by monitoring t h e  performaince of t h e  por t land  cement 
concre te  surfaced sections iirt t h e  MRRP and comparing t h e  a c t u a l  
performance t o  that  predic ted  by t h e  AASHTO and Mn/IX)T methods. 

APPROACH 

The tes t  cells which would. be s u i t a b l e  for t h i s  purpose would be 
LVR-R-3 t o  -6, ML5-R-5 t o  -9, and M t 1 0 - R - 1 0  t o  -13. D i f f e r e n t  
q u a l i t y  m a t e r i a l s  for subbases w i 1 . l  be incorporated .into both the 
mainline and low-volume road experiments. Different :  schemes for 
subsurface dra inage  w i l l  be t r i e d  on the  mainline experiment. The 
low-volume road w i l l  have two types o f  subg:rade ma te r i a l s .  T h e r e  
w i l l  be d i f f e r e n t  t r a f f i c  l eve l s  f o r  t h e  lni l inl ine 5.- and 1O-yeiiK 
e x p e r i m e n t s  and the  low-vo11,lme road. The  xnain:Li.ne s e c t i o n s  will. 
be sub jec t ed  t o  t h e  mixed t r a f f i c  of an ac txa l  i n t e r s t a t e ,  and the 
low-volume road w i l l  have fj,.xed t r a f  f ,icof known loads.  

S u r f a c e  distress and s e r v i c e a b i l i t y  would be measured periodical.  ly 
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a s  t r a f f i c  was app l i ed  t o  t h e  sec t ions .  The r e l a t i o n s h i p s  of these 
performance measurements t o  t r a f f i c  l e v e l s  and ma te r i a l  qua1 i t i e : s  
would be determined throuqh regression ana lys i s .  S ince  there  w i l l  
on ly  be one climate, t h e  effect of c l ima t i c  variak)lc!:; w i l l  have t ( 3  
be eva lua ted  through resu1.t:; of s a t e 1  Lite s t u d i e s  in Minnesota an(?
o t h e r  s ta tes .  

Samples of po r t l and  cement: concrete  w i l l  be taken  i r r  o r d e r  to test: 
t h e  modulus of  rup tu re  and modulus o �  e l a s t i c i t y  a x  i n p u t  t o  t h e  
AASHTO performance equation. Aggregate subbase and subgrade
materials w i l l  be taken  f o r  cha rac t e r i za t ion  by r e s i l i e n t  modulus;
t e s t i n g  du r ing  cons t ruc t ion  i n  order t o  determine t h e  ef fectivcb 
composite k-value. Measurements of drainage e f f e c t i v e n e s s  k r i l l  be 
made d u r i n g  t h e  experiment. i.n orderr t o  estimate t h e  cioef f i c i e n t  of 
drainage.  Nondestructive def lecitiori t es t ing  and t h e  subsequent.
backca lcu la t ion  of l a y e r  imoduli w i l l  be done on a p e r i o d i c  b a s i s  
i n  order t o  understand how changes i n  ma te r i a l  p r o p e r t i e s  a f fec t .  
t h e  performance of r i g i d  pavements, This  t e s t i n g  w i l l t  a l s o  
indicate what value of load t r a n s f e r  f a c t o r  is a p p r o p r i a t e  f o r  
Minnesota condi t ions .  

In s t rumen ta t ion  is n o t  necessary t o  perform t h i s  s tudy ,  b u t  t h e  
importance of measuring temperature and moisture  con ten t s  a t  
d i f f e r e n t  dep ths  (as  a minimum) w i l l  be discussed .in subsequent
work p l ans .  The need f o r  placing response sensor:; .in t h e  roadway 
w i l l  a l so  be d iscussed .  

S p e c i f i c a t i o n s  should be prepared fo r  t h e  produc:tion alf t h e  
material and placement during cons t ruc t ion  by the  Concrete 
Engineer. The MRRP manager w i l l  be responsible  fox k:he c o l l e c t i o n  
of t h e  c o n s t r u c t i o n  and pe r iod ic  performance data,, 

RESOURCES 


The PI must have a b a s i c  understanding of how t o  apply statist ics ~ 

i n  t h e  a n a l y s i s  of performlance data. The completion of t h i s  work 
should r e q u i r e  500 t o  1000 hours of technic ian  and engineer  t i m e .  
The c o s t  should  mainly be assoc ia ted  w i t h  t h e  l a b o r  involved i n  
c o l l e c t i n g  and ana lyz ing  t h e  data. 
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Research Object,ive # i - ~  

V e r n f  icatioin of Empirical Design Models F o r  

N e w  Chip Seal Pavements 


l:lt/19/8 9 

Davi.d E. Newcomb 


BACKGROUND 

The 1986 AASHTO Guide f o r  t h e  Design of Pavement S t r u c t u r e s  
provides  a method f o r  t h e  design of aggregate surfaced roads.  Th i s  
procedure is based on t h e  10s~;of s e r v i c e a b i l i t y  of the road andl 
t h e  depth of r u t t i n g  expected f o r  a given 1teve:L of t ra f f ic  om 
d i f f e r e n t  quali ty ma te r i a l s  i n  var ious climates. This-approach is 
one of the f e w  ava i l ab le  t:o the prac t i c ing  engineer  which 
incorpora tes  structural. conside!rations i n t o  low vol.ume road des ign .  
A v a r i a t i o n  on t h e  idea  af aggregate surfaced roads is t h e  
provis ion  fo r  p lac ing  a chip s e a l  sur face  over t h e  aggregate  in 
orde r  t o  waterproof t h e  underlying mater ia ls .  Cuxrent:Ly t h e r e  is 
very l i t t l e  data t o  i n d i c a t e  t h e  e f fec t iveness  of t h i s  inpproach t o  
low volume road design. 

PURPOSE 

The purpose of t h i s  research would be t o  provide data f o r  t h e  
v a l i d a t i o n  o r  modification of t h e  AASHTO design approach f o r  
aggregate sur faced  pavements protected by chi.p s e a l  su r f aces .  The 
r e s u l t  of t h i s  e f f o r t  would be the poss ib le  implementation of t h e  
AASHTO design PrQCedUre a t  the loca l  government. l e v e l  i n  Minnesota. 
The s tudy  would be conducted by monitoring t h e  performance of t h e  
ch ip  seal s e c t i o n s  a t  t h e  MREUP and comparing t h e  a c t u a l  performance 
t o  t h a t  p red ic t ed  by t h e  AASWiTO method. . 

APPROACH 

The test  cells which would hie s u i t a b l e  f o r  t h i s  purpose would be 
LVR-A-3 and LVEP-A-4. O n e  of (thesew i l l  be constructed wi th  a .c lean 
aggregate base and the o ther  w i l l  be b u i l t  with am aggregate base 
having a h ighe r  percentage of mater ia l  smaller  than  the No.  200 
sieve. Thus, t h e  base! mater ia ls  should have two d i s t k n c t  levels  
of s t r e n g t h .  A l s o ,  t h e  chip s e a l s  would incorporat:e two types  o f  
aggregate;  one of which would be a pea rock (rounded ma te r i a l )  and 
t h e  o t h e r  which would be a cr-ushed mater ia l .  I n  both s e c t i o n s  t h e  
s u r f a c e  a p p l i c a t i o n  would be a double chip s e a l .  

Surface distress and serviceikbi l i t y  would be measured per iodica ' l ly  
a s  t r a f f i c  was appl ied  t o  t h e  sect ions.  The r e l a t i o n s h i p s  of t h e s e  
performance measurements t o  t r a f f i c  leve ls ,  aggregate material. 
p r o p e r t i e s ,  and s u r f a c e  aggregate c h a r a c t e r i s t i c s  would be 
determined through regression analysis .  S i n c e  there w i l l  only be 
one c l ima te  and subgratle type ava i lab le ,  these v a r i a b l e s  w i l l  have 
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t o  be evaluated through res ,u l t s  of s a t e l l i t e  s tud i .es  i n  M i n n e s o t a  
and o t h e r  s t a t e s .  

Samples w i l l  be taken during construction i n  order t o  c h a r a c t e r i z e  
the  r e s i l i e n t  moduli  of the subgrade and aggregate base ma te r i a l s  
a s  input  required f o r  t h e  I W H T O  design procedure. These should 
be tested i n  t h e  sa tura ted  condi t ion i.n frozen and thawed s t a t e s  
as w e l l  as a t  optimum moisture content.  TO coincide w i t h  t h i s ,  
nondestructive t e s t i n g  w i t h  the  f a l l i n g  weight deflectometer should 
be done pe r iod ica l ly  w i t h  subsequent backcalculation of .Layer
moduli. Chip seal c h a r a c t e r i s t i c s  should be measured ;by Via l e t  o r  
o the r  appropr ia te  t es t  method. 

Instrumentation is n o t  necessary to perform t h i s  study, but: the  
importance of measuring temperature and moisture (contents a t  
d i f f e r e n t  depths  ( a s  a -minimum) wd.11. be discussed irk subsecpent
work plans.  The  need for placing response sensors  in the roadway
w i l l  a l s o  be discussed. 

Spec i f i ca t ions  need t o  be prepared f o r  the  produc:t:ion of t h e  
mater ia l  and placement during construction. It is expected t h a t  
Mn/DOT s tandards  w i t h  a few modificatfons W i l l  s u f f i c e  f o r  t h i s  
purpose. The MRRP manager i w i l l  be responsible f o r  t h e  col1ec:tion 
of the cons t ruc t ion  and per iodic  perfoimance data.  

RESOURCES 


T h e  P I  must have a b a s i c  understanding of how t o  apply s t a t i s t i c s  
i n  the a n a l y s i s  of performaince data.  'Ibe completion of t h i s  work 
should r e q u i r e  100 t o  300 hours of technician and erngrineer t i m e .  
The  c o s t  should mainly be associated with t h e  labor  involved i n  Ec o l l e c t i n g  and analyzing t h e  data.  

10 



Research Objec,tive  # 2 -a 

Development: of M~!clhanisticall y  Based Des i g r i
Methods For Alggrregate Surfaced Roads 

1,,2/11/8
9 
David1 E.  Newcomb 

BACKGROUND 

Approaches t o  t h e  s t r u c t u r a l  design of aggregate surfaced roads 
range from those  based pure3.y upon engineering judgement t o  those  
der ived from empir ica l  re la t fonships .  While these design p r a c t i c e s
have t h e  force of h i s t o r y  to support  them, t h e r e  is very l i t t l e  
data t o  suggest t h a t  they are ,  appropriate  aver  a wide variety of 
condi t ions.  The 1986 AASHTC) Guide f o r  t h e  Desi.gn of Pavement 
S t r u c t u r e s  provides --a method which is p a r t i a l l y  based on t h e  
d i s t r i b u t i o n  of stresses i n  ' the aggregatie and soil. l aye r s .  I n  t h i s  
procedure, t h e  primary parameters are t.he moduli of e l . a s t i c i t y  of 
t h e  subgrade and t h e  aggregate mater ia l s .  The AASHTO approach
accomodates seasonal  changes i n  material proper t ies ,  and uses  t h e  
depth of r u t t i n g  and l o s s  of s e r v i c e a b i l i t y  as  f a i l u r e  c r i t e r i a .  
While t h e  AASHTO method is a n  advancement i n  t h e  development of 
design procedures for aggregate surfaced roads, t h e r e  is very
l i t t l e  performance d a t a  t o  subs t an t i a t e  t h e  f a i l u r e  cr i ter ia .  

PURPOSE 

The purpose of t h i s  research would be t o  provide t h e  necessary d a t a  
t o  v a l i d a t e  and improve t h e  AASHplO approach t o  t h e  design of 
aggregate surfaced roads. Such d a t a  would include t h e  measurements 
of stresses and d e f l e c t i o n s  under loads i n  d i f f e r e n t  seasons of t h e  
year.  The r e s u l t s  of t h i s  study would be t h e  improvement of t h e  
e x i s t i n g  AASHTO design equaitions o r  t h e  development 01: new design
cr i ter ia  based on Minnesota condit:ions. T h e  research would be 
performed by monitoring t h e  ltoad responses of aggregate surfaced 
s e c t i o n s  a t  t h e  MRRP, and analyzing these  with r e spec t  t o  t h e  
performances of t h e  pavement sec t ions .  

APPROACH 

The tes t  cells which would be sui table .  f o r  t h i s  purpose would be 
LVR-A-1 through LVR-A-4. Two of t h e s e  sec t ions  wi .11  have aggregate
su r faces  and t h e  o t h e r  two w i l l  have chip s e a l  sur faces .  The 
r a t i o n a l e  f o r  including t h e  c h i p  s e a l  s e c t i o n s  is t h a t  they may be 
t r e a t e d  mechanis t ical ly  i n  t h e  same manner as t h e  aggregat �3 
su r faced  pavements. The primary d i f fe rences  expected a r e  t h a t  t h e  
ch ip  seal  s e c t i o n s  w i l l  not  have seasonal changes t o  t h e  same 
degree as t h e  aggregate surfaced sec t ions ,  and t h a t  t h e  ch ip  s e a l  
s e c t i o n s  w i l l  have a g r e a t e r  res i s tance  t o  t h e  shear ing a c t i o n  of 
veh ic l e  tires. Two t y p e s  o f  aggregate mater ia ls  wiW:L be used  on 
both t h e  aggregate surfaced and t h e  chip s e a l  surfaced s e c t i o n s .  
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One of these w i l l  be a c le ' an  aggrelgate w i t h  ve ry  litt.Le f i n e  (minus 
N o .  200)  m a t e r i a l  and t h e  o the r  W i l l .  have a moderate amount (of f i n e  
material. 

Rut dep th  and s e r v i c e a b i l i t y  would be measured p e r i o d i c a l l y  as 
t r a f f i c  w a s  app l i ed  t o  the sec t ions .  One of t h e  ]problems8t o  be 
surmounted i n  t h e  conduct sf t h i s  research w i l l  be t.o .determine ,3 
method f o r  measuring t h e  s e r v i c e a b i l i t y  ( r i d e a b i l i t y )  of aggrega te
su r faces .  S e r v i c e a b i l i t y  was a concept which has  been w e l l  testetj 
f o r  a s p h a l t  and po r t l and  cement conrete  s u r f a c e s ,  b u t  n o t  f o r  
aggregate surfaces. 

Samples w i l l  be t aken  dur ing  cons tmc t ion  i n  o r d e r  t o  character ize .  
t h e  r e s i l i e n t  moduli of t h e  subgrade and aggrebgate siurface 
materials. These should be  t e s t e d  i n  t h e  s a t u r a t e d  c o n d i t i o n  i n  
frozen and thawed states a s  w e l l  a s  a t  OptiIuU moisture con ten t , ,
To c o i n c i d e  wi th  t h i s ,  nondestruct ive t e s t ing  wi th  t h e  f a l l i n g  
weight def lectometer shou:ld be dolne p e r i o d i c a l l y  w i t h  subs#equent: 
backca lcu la t ion  of l a y e r  moduli. 

Ins t rumenta t ion  is necessary t o  perform t h i s  s tudy  wi th  t h e  primary
emphasis on measuring temperature and moisture  con ten t s .  The 
response of t h e  pavements to load could be a s c e r t a i n e d  by measuring
v e r t i c a l  d e f l e c t i o n s  and sltresses a t  var ious depths  i.n t h e  pavement. 
s t r u c t u r e .  One p o s s i b l e  instrumentation conf igu ra t ion  is shown 
below. 

Instrumenration f a r  LVR Aggregate Surface Sections 

Crossecrlon Prof118 

� 
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Spec i f i ca t ions  need t o  be 'pxepared f a r  t h e  produck:ion of khe 
ma te r i a l  and placement during ConstmCtion- It ks expected that: 
M~/DOTs tandards  w i t h  a f e w  modifications W i l l  8;uffi.c:e for t h i s  
purpose. The MRRP manager w i l l  be responsible f o r  t h e  c o l l e c t i o n  
of t h e  cons t ruc t ion  and per iodic  perfornlance da t a .  

RESOURCES 


The PI m u s t  have a b a s i c  understanding of soin mechanics and of how 
t o  apply s ta t i s t ics  i n  t h e  ana lys i s  of performance da ta .  The 
completion of this work should require 1000 t o  1500 hours of 
technic ian  and engineer: t i m e .  The cost should mainly be assoc ia t ed  
with t h e  labor involved i n  cd.lecting arid analyzing the da ta .  
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Research O b j e c t i v e  #2-B 

Development of bfechanistically Based Design
Methods For F1ex:ible Pavement 

1 2 / 2 2 / 8 9 

David E.  N e w c o m b  


BACKGROUND 

The primary means of designhg f l e x i b l e  pavements f o r  roadways a r e  
based upon empirical  re la t ionships  between material. p rope r t i e s ,
t raff ic ,  l a y e r  thicknesses ,  and performance. These r e l a t i o n s h i p s  
were val id  f o r  condi t ions which existed a t  t h e  time of i their  
development., The m o s t  famous o f - t h e s e  came from the! AASHO Road 
T e s t  i n  t h e  l a t e  1950's. This  performance equation has served t o  
design most o f  t h e  roadway pavements i n  t h i s  country IEor the l a s t  
30 years.  Conditions have changed i n  t h e  intervening t i m e  per iod
and t h e r e  has been no adjustment i n  the performance equation. For 
instance,  only s i n g l e  and tandem axles  w e r e  used a t  the Road T e s t  
and now tridemn and drop ax les  a re  becoming more preva,lent. T i r e  
p ressures  used a t  t h e  Road T e s t  were on t h e  order of 70 p s i ;  
whereas they are now on t h e  order  of 100 ps i .  Also, only
conventional a spha l t  concrete  surfaces  were used a t  the AASHO Road 
T e s t  and now modif iers  a r e  being used increasingly i n  mixtures. 
More r a t i o n a l  approaches ts thickness  design a r e  needed i n  o rde r  
t o  r e a d i l y  accomodate fu tu re  changes i n  t ra f f ic  condi t ions and 
mater ia l  types.  Such approaches would have t o  be kmsed on t h e  
physical  response of the  pavement (i.e.,  stress, s t r a i n ,  o r  
deflection) as opposed t o  an empirical re la t ionship .  

PURPOSE 

T h i s  research would r e s u l t  i n  t h e  development of a mechanistic o r  
empirical-mechanistic desiqri procedure :in which physica.1 responses
of the  roadway such as stresses, s t ra ins ,  o r  de f l ec t ions  would be 
used along with some means of accouinting f o r  cumulative damage t o  
t h e  s t r u c t u r e .  The u l t ima te  goal would be t o  incorporate  models 
f o r  s t o c h a s t i c  processes such am changes i n  environmental 
condi t ions  (moisture and temperature) and t r a f f i c  H.oading into 
mechanistic analyses  of pavement response. 

APPROACH 

The t es t  cells which would lbe s u i t a b l e  fo r  t h i s  purpose woulld be 
LVR-F-8 through LVR-F-15, MLS-F-1 through MLS-F-4 , axid ML10-F-14 
through ML10-F-23. These pavements represent a range from t h i n  
conventional a spha l t  concrete  surface over aggregate base t o  f u l l -
depth  a spha l t  concrete .  The! t r a f f i c  leve ls  would vary from l i g h t
t ruck  t r a f f i c  on t h e  low volume s e c t i o n s  t o  heavy i n t e r s t a t e  
t r a f f i c  over a 10-year period. Additionally, there would be two 
t y p e s  of subgrades p r e s e n t ;  an AASHTO A - 6  loam and a n  .A-7 clay. 
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Visual surveys and ride q l a l i t y  measur~rnents would be taker,
pe r iod ica l ly  as t r a f f i c  was appl ied t o  t h e  :;ect:isns,, These w i l l  
Serve as measures of roadway performance t o  which t h e  mechani:;ti.c: 
parameters w i l l  be related. I n  o the r  words, t:he v i s u a l  surveys and 
ride q u a l i t y  measurements k r i l l  serve to def ine  the  pavement
f a i l u r e .  

Samples w i l l  be taken durincg construct ion i n  order t o  c h a r a c t e r i z e  
the r e s i l i e n t  moduli of the subgrade, aggregate ma te r i a l s ,  anti 
aspha l t  concre te  mixtures. The unbound subgrade and aggregates
should be tested i n  t h e  sa tu ra t ed  condition i n  frozen and thaweci 
s t a t e s  as w e l l  as a t  optimtun moisture content. 'I!o coincide with 
t h i s ,  nondestruct ive t e s t i n g  with t h e  f a l l i n g  weight deflectornetel: 
should be done p e r i o d i c a l l y  w i t h  subsequent backcalculat ion of 
l a y e r  moduli. 

Instrumentation is nec:essaqr to perform t h i s  :Study withL t h e  primary
emphasis on measuring temperature and moisture con t e n t s .  The 
response of the  pavements tcri load could be ascer ta ined  by measuring
v e r t i c a l  d e f l e c t i o n s ,  v e r t i c a l  stresses, and hori.zonta1 s t r a i n s  at 
various depths  i n  t h e  pavement: s t ruc ture .  O n e  possib1.e
instrumentat ion conf igura t ion  is shown below. 

1nstrumencat:on f o r  LVR Conventional Sections 

Cror¶ectlos P r o f i l e  

� 
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s p e c i f i c a t i o n s  need t o  be prepared f o r  t h e  product ion  of t h e  
m a t e r i a l  and placement during COnstru.ctiOn= I t  i .s expected tha t ,  
m/mT s tanda rds  wi th  a few modifications W i l l  s u f f i c e  for t h i s  
purpose. The MRRP manager w i l l  be responsible  f o r  t:he c o l l e c t i o n  
of t h e  c o n s t r u c t i o n  and pe!riodic performance d a t a  ,, 

RESOURCES 


The P I  must have a basic u.nderstar1ding of elast ic  a n a ~ y s i sand of 
how t o  apply  statistics in1 the  an2ilySiS of perf03mancZe d a t a .  The 
completion of t h i s  work should require 2000 t o  2!500 hours  of 
t e c h n i c i a n  and engineer  time. The cost: should mainly 'be associated 
w i t h  t h e  labor involved i n  c o l l e c t i n g  and analyzing Ithe data , ,  
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R,esearc::h Objective #2-C! 

Development, of ME!!chanistically Based D e s i g n .
Methods FOX: R i g i d  Pavement.s 

12/22/89 

David E. Newcowb 


BACKGROUND 

R i g i d  pavements have h i s t o r i c a l l y  been designed by quas i -
mechanistic means. These appmaches have t h e i r  t .heoretica1 basis 
i n  work done by Westergaard and o t h e r s  i n  t h e  t i m e  per iod  of t h e  
1920's t o  t h e  1940's. C l w r z r  t i m e ,  t h e  mechanics have been 
integrated i n t o  empir ical  equations whic:h descr ibe  t h e  performance
due n o t  only t o  loading, but: a l s o  t o  ex te rna l  f a c t o r s  such a s  
drainage and load t r a n s f e r  capabi l i ty . ,  The AASHTO performance
equation is an example of tlhe combined empirical  and mechanistic 
approach. However, it can Ibe noted1 thint ne i the r  stress, s t r a i n ,  
nor deflection a r e  considered d i r e c t l y  i n  t h e  r e l a t i o n s h i p .
Ins tead ,  parameters such as the  concrete  modulus of e l a s t i c i t y ,
modulus of rupture ,  and subgrade modulus of r eac t ion  are f i t t e d  to 
the  observed performance of paivement:s at: t h e  M S H O  R o a d  T e s t  ( l a t e
1950's). Conditions have clhanged i n  t h e  in t e rven ing  t i m e  per iod
and no adjustment t o  t h e  performance equation has been made t o  
account for  them. For i n s t ance ,  only s ing le  and tandem ax le s  were 
used a t  t h e  Road T e s t  and now tridem and drop axles a r e  becoming 
more preva len t .  Also, only conventional PCC mixtures  were used 
the re ;  whereas now f lyash  is commonly used and o t h e r  types  of 
admixtures and additives art! appearing w i t h  i.ncreasing frequency . 
More r a t i o n a l  approaches t o  thickness  design are needed i n  order 
t o  r e a d i l y  accomodate f u t u r e  changes i n  t r a f f i c  condi t ions  and 
material types.  Such approaches would have t o  be based on t h e  
phys ica l  response of t h e  pavement as opposed t o  an empir ical
r e l a t i o n s h i p .  

PURPOSE 


This  r e sea rch  would r e s u l t  i n  the  devel.opment of a mec:hanistic o r  
empirical-mechanistic design procedure in  which phys ica l  responses
of t h e  roadway such as stresses, s t r a i n s ,  o r  defltections would be 
used along wi th  some means of accounting f o r  cumulative damage t o  
t h e  s t r u c t u r e .  The u l t imate  goal would be t o  incorporate  models 
f o r  s t o c h a s t i c  processes such as changes I"Ln environmental 
condi t ions  (moisture and kemperature) and t r a f  f i x  loading i n t o  
mechanistic analyses  of pavlennent response.  

APPROACH 

The t es t  cel ls  which would be s u i t a b l e  for t h i s  purpose would be 
LVR-R-3 through LVR-I?-7 , ML5-R-5 through Mb5-R-9 , arid ML10-11-10 
through ML10-R-13. These pavements represent  a r ange  from t h i n  
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portland cement concrete surface over dense aggregate subbase to 
thick PCC surface over an apen-graded drainage layer. A variety
of design details are also represented such as dowel diamet:ers,
paving widths, panel lengths, and cross-section geometry. The 
traffic levels would vary Erom litght truck traffic on the low 
volume sections to heavy interstate traffic over a la-year period.
Additionally, there would be two types of subgrades present; an 
AASHTO A-6 loam and an A-7 c lay .  

Visual surveys and ride quality measurements wou1.d be taken 
periodically as traffic was applied.to the sections. These will 
serve as measures of roadway performance to which the mechanistic 
parameters will be related. In other Words, the visual.surveys;and 
ride quality measurements will serve to define the pavement
failure. 

Samples will be taken during construction in order to characterize 
the subgrade, aggregate materials, and concrete mixtures. The 
unbound subgrade and aggregaites should be tested in tlhe saturated 
condition in frozen and tlnawed skates as well as at optimum
moisture content. To coincide with1 this, nondestnicltive testing
with the falalingweight defl.ec:tometer should be done periodically
with subsequent backca1cu:Lation of layer moduli and joint

efficiency calculations. 


Instrumentation is necessary to perform this study with the primary

emphasis on measuring temperature and moisture contents. The 

response of the pavements to load could he ascertained by measuring

vertical deflections, vertical stresses, and horizontal strains at 

various depths in the pavement structure. O n e  possible
instrumentation configuratialn is shown Ibelow. 

T- HRRP SECTION IIL10-~-113 - STRAIN GAGES 
1 


Cell A - 6 p e r n n e n t  p lus  16 p e r i o d i c  eLbrddit!nf Qaqes A Vlbratinq r l r e  I (1 

Cell 8 - 16 periodic  e ibeddienr  gages - CSncrcLe e i b d d i e n L  s.g 

Cell C - 16 pericdlc  clbeddment gages 0 Steel  gapes on dowels 

Cell D - 16 vibrating wire strain (ages 

Ja lnt s  M/AE - 10 s t e e l  strain qaqes 

( a )  P l a n  Y i e v  
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Spec i f i ca t ions  need t o  be prepared f o r  t h e  production of t h e  
mater ia l  and placement durn.ncj construct ion.  It is expected t h a t  
Mn/DOT s tandards  w i t h  a f e w  modifications W i l l  suffyice f o r  t h i s  
purpose. The MRRP manager w i l l  be responsible for t h e  c o l l e c t i o n  
of t h e  cons t ruc t ion  and per iodic  performance da ta .  

RESOURCES 


The P I  must have a b a s i c  understanding of e l a s t i c  a n a l y s i s  and of 
how t o  apply statistics i n  the ana lys i s  of performance data .  The 
completion of t h i s  work should r equ i r e  2000 to 2500 hours o:e 
t echn ic i an  and engineer  t i m e .  T h e  cost should mainly ble a s soc ia t ed  
w i t h  t h e  l a b o r  involved i n  c o l l e c t i n g  and analyzing t h e  data .  
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Research Obj'ective #3-A 

Development of Improved Mechanistic Mode:Ls 
F o r  Aggregate Surfaced Roads 

1/24,/90
David E.  Newcomb . .  

BACKGROUND 

Mechanistic models are mat:hematical representa t ions  of systems as  
explained by phys ica l  l a w s  and theories.  Models c u r r e n t l y  u s e d  i n .  
pavement a n a l y s i s  f a l l  i n t o  t w o  categories:  continuum mechanics and 
f i n i t e  elements.  

Layered elastic theo ry  i s  a spec:ial case of corkiuum mechanics 
which has its o r i g i n s  i n  Boussinesq ana lys i s ;  widely a p p l i e d  i n .  
s o i l  mechanics. As t h e  names of t h e  theory  ( e l a s t i c )  and t h e  
approach (continuum) suggest ,  t h e r e  are r e s t r i c t i o n s  on t h e  
cons ide ra t ion  of material  behavior and geometry. Whatever
deformation occurs  i n  t h e  system is assumed t o  be f u l l y  recoverable  
and t h e  l a y e r s  are assumed to extend i n f i n i t e l y  i n  t h e  h o r i z o n t a l  
d i r e c t i o n .  Furthermore, t h i s  approach is restricted t o  s t a t i c  
loads  only.  

The f i n i t e  element methodl allows f o r  a c l o s e r  approximatnon of 
ac tua l  system behavior  s i n c e  i r r e g u l a r  geometry, unusual boundary 
cond i t ions ,  and an iso t ropy  can be accomodated. FEM is also w e l l  
s u i t e d  to cons ide r ing  dynamnc loading condi t ions botlh i n  terms of 
material p r o p e r t i e s  and boundaqy cionditions. A s  a p p l i e d  t o  
pavement a n a l y s i s ,  t h e  FEE[ fs normall%yrestricted t o  s ta t ic  Ycads 
and elastic materials. However', there have Ibec?il e f f o r t s  t o  
incoporace nonl inear  material  responses such a s  stress s e n s i t i v i t y
of g r a n u l a r  materials. 

I n  pavements, there is a g r e a t  deal of i n t e r a c t i o n  between t h e  
materials p r e s e n t  i n  t h e  system, t h e  t r a f f i c  loads being suppiorted,
and t h e  environmental  condi t ions.  I n  order t o  a c c u r a t e l y  sirmulate 
t h e  system as it behaves .in fact w i l l 1  require sukxstimtially more 
complicated models. 

PURPOSE 


The purpose of t h i s  r e sea rch  is t o  develop a comprc?hensive model 
t o  describe t h e  behavior  of agqrregate surfac::ed roaidways . 
Considering t h a t  t h e  predominant mode of f a i l u r e  i n  aggrega te
su r faced  roads is permanent deformation, t h e  r e s u l t i n g  mechanis t ic  
model would probably be an elast ic-pl .as t ic  analysis:; w i t h  dynamic 
loading.  

APPROACH 


T h e  t e s t  ce l l s  which would  be s u i t a b l e  for t h i s  pux:pose w o ' u l d  be 
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L m - A - 1  through LVR-A-4. Two of these sec t ions  w i l l  have aggregate
su r faces  and t h e  o t h e r  two W i l l  have chip seal. su r faces .  The 
r a t i o n a l e  f o r  including t h e  ch ip  Seal sec t ions  is t h a t  they  may be 
treated mechanis t ical ly  i n  the  same manner as t h e  aggregate
surfaced pavements. The primairy d i f fe rences  expected are t h a t  t h e  
ch ip  seal sec t ions  w i l l  n s t  have seasonal changes to t h e  Same 
degree as t h e  aggregate surfaced sec t ions ,  and that  the c h i p  s e a l  
s e c t i o n s  w i l l  have a g r e a t e r  r e s i s t ance  t o  t h e  shear ing a c t i o n  of 
veh ic l e  tires. Two types of aggreglate mater ia l s  W i l l  be used on 
both the  aggregate surfaced and the  chip s e a l  surfaced s e c t i o n s .  
One of t h e s e  w i l l  be a clean aqgregake W i t h  very 1.i t : t le f i n e  (minus 
NO. 2 0 0 )  material and t h e  o the r  w i l l  have a moderate amount of f i n e  
mater ia l .  

Samples w i l l  be taken during construct ion i n  o rde r  to characterize 
the  subgrade and aggregate sur face  materials.  These should be 
tested i n  t h e  s a t u r a t e d  condition i n  frozen and thawed states ar;
w e l l  as a t  optimum a o i s t u r e  content.  To coincide w i t h  t h i s ,  
nondestruct ive t e s t i n g  with $:hie f a l l h g  weight defleetameter should 
be done p e r i o d i c a l l y  w i t h  subsequent backcalculation of l a y e r
moduli. These r e s u l t s  w:iLlL be used a s  input: f o r  ma te r i a l  
c h a r a c t e r i s t i c s  i n  t he  model.s 

Instrumentat ion is necessary t o  perform t h i s  study w i t h  t h e  primary
emphasis on measuring temperature and moisture contents .  The 
response of t he  pavements t o  load could be ascertained by measuring
v e r t i c a l  d e f l e c t i o n s  and stresses a t  various depths i n  t h e  pavement 
s t r u c t u r e .  These measurement:; w i l l  serve a s  a means o f  v e r i f y i n g
the  r e s u l t s  of t h e  model,, One possible  instrumentat ion 
conf igura t ion  is shown below. 

InstruiientaLlon for  LVR Aggregate Surface Sectlons 
Plan 

r-' 1 

Crorrcctlon Protile 

F 


21 




s p e c i f i c a t i o n s  need to be prepared f o r  t h e  produc:t:ion of t h e  
mater ia l  and placement during construction. I t  is expected t h a t  
Mn/DOT s tandards  w i t h  a few modifications w i l l  s u f f i c e  f o r  t h i s  
purpose. The MRRp manager * w i l l  be responsible f o r  t h e  c o l l e c t i o n  
of t h e  cons t ruc t ion  and per iodic  performance da ta .  

. -
RESOURCES 

The PI must have an understandj-ng of mathemat,ical modeling
techniques  and pavement desjign and perfiormance. The  c::ompletion of 
t h i s  work should require 3.000 to 15010 hours of technician and 
engineer t i m e , ,  The c o s t  should mainly be associated w i t h  the  ]Labor 
involved i n  developing the model arid vlerifying the  r e s u l t s .  
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Etesearch O b j e c t i v e  #3-B 

Development of 1:mproved Mechanistic M[odels
For Fl.exible I?avements 

1/24/90 
David E. Newcomb . .  

BACKGROUND 

Mechanistic models a r e  mathematical representa t ions  of systeins a s  
explained by phys ica l  l a w s  and theories. Models cu r ren t ly  used i n  
pavement a n a l y s i s  f a l l  i n t o  t w o  Categories: Continuum mechanics and 
f i n i t e  elements. 

Layered elastic theory is a s p e c i a l  case of 'eontiuum mechanics 
which has  its o r i g i n s  i n  Boussinesq analysis :  widely appl ied  i n  
s o i l  mechanics. As the names of t h e  theory (elastic) and t h e  
approach (continuum) suggest:, t he re  are r e s t r i c t i o n s  on t h e  
cons idera t ion  of ma te r i a l  lbehavior and geometry ,, Whatever 
deformation occurs i n  the system is assumed t o  be f u l l y  recoverable 
and the  l a y e r s  are assumed to extend i n f i n i t e l y  in t h e  hor izonta l  
d i r e c t i o n .  Furthermore, tlliis approach is restricted t o  s t a t i c  
loads only.  

The f i n i t e  element method allows for a c l o s e r  approximaticln of 
a c t u a l  system behavior s i n c e  i r r e g u l a r  geometry, unusual boundary
condi t ions ,  and anisotropy can be accomodated. FEM is a l s o  w e l l  
s u i t e d  t o  consider ing dynamk loading condi t ions both i n  tenns of 
ma te r i a l  p r o p e r t i e s  and boundary conditions.  As applield t o  
pavement a n a l y s i s ,  t h e  FEN .is normally restricted to s t a t i c  :Lcads 
and elastic materials. Hobever, there have been e f f o r t s  t o  
incoporate  nonl inear  ma te r i a l  responses such as stress s e n s i t  i v i t y
of g ranu la r  ma te r i a l s .  

I n  pavements, there is a g r e a t  deal of interact. ion between t h e  
materials p re sen t  i n  t h e  system, t h e  t r a f f i c  loads being supported,
and t h e  environmental conditions.  Xn order t o  accura te ly  s imulate  
t h e  system as it behaves i n  fact w i l l  r equi re  s u b s t a n t i a l l y  more 
complicated models. 

PURPOSE 


The purpose of t h i s  research is t o  develop a comprehensive 'imodel 
t o  describe t h e  behav.ior of f l e x i b l e  pavements. Considering that.  
t he  predominant modes of load r e l a t e d  f a i l u r e  i n  f l e x i b l e  pavements 
a r e  permanent deformation aind f a t igue  cracking, t h e  r e s u l t i n g
mechanistic model would probably be a v i s c o e l a s t i c  ana lys i s  w i t h  
dynamic loading. 
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APPROACH 


The tes t  cel ls  which would1 be s u i t a b l e  f o r  t h i s  puxpose would be 
LVR-F-8 through LVR-F-15 ML5-F-1 through ML5-F-4, and ML110-F-14 
through MLI.0-F-23. These pavements irepresent a range frorn t h i n  
convent ional  a s p h a l t  conc re t e  su r face  over aggregate  b a s e  t o  f u l l -
depth a s p h a l t  concre te .  The t r a f f i c  llevels would viniry from l i g h t
t r u c k  t r a f f i c  on t h e  low volume sec t ions  t o  heavy i n t e r s t a t e  
t r a f f i c  over a 10-year per iod.  Addit ional ly ,  there! would he t w o  
types  of subgrades p r e s e n t ;  an AASHTO A-6 loam and an A-7 c l a y .  

Samples w i l l  be taken  dur ing  constiruction i n  order t o  c h a r a c t e r i z e  
t h e  subgrade, aggregate materials, and a s p h a l t  conc re t e  mixtures .  
The unbound subgrade and aggregates should be t e s t e d  i n  t h e  
s a t u r a t e d  cond i t ion  i n  f rozen and thawed s ta tes  as w e l l  as  a t  
optimum mois ture  conten t .  To coinc ide  with t h i s ,  nondes t ruc t ive  
t e s t i n g  w i t h  t h e  f a l l i n g  weight deflectometer should be done 
p e r i o d i c a l l y  w i t h  subsequent backcalculat ion of l a y e r  modul i . 
These r e s u l t s  w i l l  be used as i npu t  f o r  material c h a r a c t e r i s t i c s  
i n  t h e  models. 

Ins t rumenta t ion  is necessary  t o  perfonn t h i s  s tudy  w i t h  t h e  primary
emphasis on measuring temperature arid moisture ccmtents . The 
response of the  pavements t.s load could1 be a sce r t a ined  by measuring
v e r t i c a l  d e f l e c t i o n s ,  v e r t i c a l  s t r lesses ,  and h o r i z o n t a l  s t r a i n s  a t  
va r ious  depths  i n  t h e  pavernent s t r u c t u r e .  These mea:i;iirement:s w i l l  
serve as a means of veri .fying t l h e  r e s u l t s  of t h e  model. One 
p o s s i b l e  ins t rumenta t ion  conf iguraition is shown below. 

1nstruientatl .on f o r  LVR. Conventional Sect ions 
Plan 

Prof ilC 
r 
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S p e c i f i c a t i o n s  need t o  be prepared f o r  t h e  production of t h e  
ma te r i a l  and placement: during construct ion.  I t  is expected t h a t  
Mn/DOT s tandards  w i t h  a f e w  inodifications W i l l  s u f f i c e  for t h i s  
purpose. The MRRP manager viI.1 be responsib1.e for the! collec:t,ion 
of t h e  cons t ruc t ion  and perl,odic performance da ta .  

RESOURCES 


The PI must have am understanding of mathematical modeling
techniques and pavement desilgm, and performance. The completion of 
t h i s  work should r equ i r e  11000 t o  1500 hours of tedhnician and 
engineer  t i m e .  The c o a t  should mainlLy be assoc ia t ed  w i t h  t he  l a b o r  
involved i n  developing the model and ver i fy ing  t h e  results. 
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Research Objective #3-C 

Development o f  Improved Mechanistic Models 
For F lex ib le  Pavements 

1/24/90

David E .  Newcomb 

BACKGROUND 

Mechanistic models are matbematical r ep resen ta t ions  of systems as  
explained by phys ica l  l a w s  and theo r i e s .  Models curxxmtly used i n  
pavement a n a l y s i s  f a l l  i n t o  t w o  categories: continullm mechanics and 
f i n i t e  elements. -

Layered elastic theo ry  is a spec.ia1 case of  contiuum mechanics 
which has  i ts  o r i g i n s  i n  Boussinesq ana lys i s ;  witle:ly a p p l i e d  i n  
s o i l  mechanics. As t h e  names of the theory (el.ar:;tic) and  t h e  
approach (continuum) suggest ,  there a r e  r e s t r i c t i o n s  on t h e  
cons ide ra t ion  of material behavior and geometry. Whatever 
deformation occurs  i n  t h e  system is assumed t o  be fullLy recoverable  
and t h e  l a y e r s  are assumed t o  extend i . n f in i t e ly  i n  the horiz:ontal  
d i r e c t i o n .  Furthermore, t h i s  approach is restri.ct:ed t o  s t a t i c  
loads  only. 

The f i n i t e  element method allows f o r  a c l o s e r  approximation of 
a c t u a l  system behavior s i n c e  i r r e g u l a r  geometry, unusual boundary
cond i t ions ,  and an i so t ropy  can be accomodated. FEM is a l s o  w e l l  
s u i t e d  t o  cons ide r ing  dynaimic loading condi t ions both  i n  terms of 
m a t e r i a l  p r o p e r t i e s  and boundary' condi t ions.  As a p p l i e d  t o  
pavement a n a l y s i s ,  t h e  FEM is normally r e s t r i c t e d  t o  s t a t i c  l o a d s  
and elastic materials. However, there have been e f f o r t s  t o  
incoporatb non l inea r  materki.1 responses such as stress s e n s i t i v i t y  
of g r a n u l a r  materials. 

I n  pavements, there is a great dea l  of i n t e r a c t i o n  between t h e  
m a t e r i a l s  p r e s e n t  i n  t h e  system, t h e  t r a f f i c  loads h e h g  suppor ted ,
and the environmental  condi t ions.  I n  order t o  a c c u r a t e l y  s i m u l a t e  
t h e  system as it behaves j.n fact w i l l  require subst:aintially more 
complicated models. 

PURPOSE 

The purpose of t h i s  research  is t o  develop a comprehensive model 
t o  describe the  behavior  of r ig id  pave:ments. Consi-dering t h a t  t h e  
predominant modes of load  r e l a t e d  f a i l u r e  i n  r i g i d  pavements are  
s l a b  c rack ing  and j o i n t  f a u l t i n g ,  t h e  r e s u l t i n g  mechanis t ic  model 
would probably be an e las t ic  ana lys i s  w i t h  dynamic: I.oading. 

APPROACH 

The tes t  ce l l s  which would be suitable for this purpose  wou1.d be 
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LVR-R-3 through LVR-R-7, Mb5-R-5 through ML5-R-9, MLlo-R-10 
through ML10-R-13. Tlhese pavements; represent a range from t h i n  
por t land  cement concrete  sur face  over  dense aggregate subba,;= e  t o  
t h i c k  pcc s u r f a c e  over an opem-graded drainage layer .  A v a r i e t y
of design details  are a l s o  represented such as dowel diameters ,  
paving w i d t h s ,  panel lengthis and cross-section geometry. The 
t r a f f i c  l e v e l s  would vary from l i g h t  t ruck  t r a f f i c  on ..the l o w  
volume s e c t i o n s  t o  heavy i n t e r s t a t e  t r a f f i c  Over il lo-y'ear per iod .
Addit ional ly ,  there would ble two types of subgrades p r e s e n t ;  an 
AASHTO A-6 loam and an A-7 slay. 

Samples w i l l  be taken during construct ion i n  order  t o  c h a r a c t e r i z e  
t h e  subgrade, aggregate mat::erialS, and Concrete mixtures. The 
unbound subgrade and aggregzl.tt?s should be tested in t h e  s a t u r a t e d  
condi t ion  i n  f rozen and thawed s t a t e s  as w e l l  as  a t  optimum
moisture conten t  To coincide w i t h  t h i s ,  nondestructive t e s t i n g
w i t h  the  f a l l i n g  weight defl.ec,:tometer should be done pleriodically
w i t h  subsequent bac~ccalcu:lLation of l aye r  moduli and -1 o i n t  
e f f i c i e n c y  ca l cu la t ions .  These r e s u l t s  w i l l  be used as input;; f o r  
the  model. 

Instrumentat ion is necessary t o  perform t h i s  study w i t h  t h e  primary
emphasis on measuring temperature and moisture cont.ents. The 
response of t h e  pavements t o  load could be ascer ta ined  by measuring
v e r t i c a l  d e f l e c t i o n s ,  ver t ical .  stresses, and horixontalt s t r a i n s  a t  
var ious  depths  i n  t h e  pavement s t ruc tu re .  These measurements w i l l  
serve as a means of ver i fy ing  t h e  r e s u l t s  of t h e  model. One 
poss ib l e  instrumentat ion configurat ion is shown below. 

( a )  P l a n  V i e v  
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spec i f i ca t i . ons  need t o  be! prepared f o r  t h e  production of t h e  
ma te r i a l  and placement during construct ion.  It  is expected. t h a t  
Mn/DOT s t anda rds  w i t h  a f e w  modificat.ions will s u f f i c e  for t h i s  
purpose. The MRRP manager w i l l  be responsible  f o r  t h e  c o l l e c t i o n  
of t h e  cons t ruc t ion  and pe r iod ic  performance da ta .  

RESOURCES 


The PI must have an understanding of mathematical modeling
techniques and pavement design and performance. The completion of 
t h i s  work should require 2000  t o  2 5 0 0  hours of t echn ic i an  and 
engineer  t i m e .  The cost shou:ld mainly lse assoc ia ted  w i t h  t h e  labor 
involved i n  developing t h e  model and ve r i fy ing  t h e  results. 
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Researclh Objective # 4  

V e r i f  ication/Improved Frost:: Action Predic t ion  Methodology 

\ ZC)/ 5 /  89 

David M. Johnson 


BACKGROUND 

One of t h e  most critical traiiisportat.ion engineering i s s u e s  tG2 bc! 
d e a l t  w i th  i n  Minnesota 's  climate is t h e  e f f e c t  of the f r e e z i n g  and 

. thawing of moisture  i n  pavement s t r u c t u r e s  and roadbeds ,. Freez ing  
can cause  heaving of the paveraemt s t r u c t u r e s ,  y e t  f rozen  mater ia ls :  
can be s t r o n g e r  than  t h e  same ma te r i a l  unfrozen. The thawing 
process  reduces t h e  a b f l i t y  of base/subbases arid stibgrades t o  
support  loads .  

Because several base/sutbbase aggregates,  two -'subgrade s o i l s ,  and 
two d ra inage  systems w i l l  be used at. the  MRRP, f r o s t  behavior o f  
a v a r i e t y  of m a t e r i a l s  and conidii-tions can be measured du r ing  fr,Pez �! 
and t h a w  per iods .  The freeze arid t h a w  processes are made even iinore. 
complex by real  world condit::.ions. For ins tance  with.in a g i v e n  
season temperatures  can f l u c t u a t e  dramatical ly  and t h e  i n t r o d u c t i o n  
of d e i c i n g  chemicals can  reduce t h e  f reez ing  temperature of w a t e r .  

The handl ing  of f r o s t  a c t i o n  by t h e  1986 AASHTO Guide for  Deisign
of Pavement S t r u c t u r e s  depend:; t o  a l a r g e  ex ten t  on the pe r f  oTmci2rlce 
of r ig id  and f l e x i b l e  pavements; a t  t h e  AASHO Road Test. The guide
recognizes  " t h a t  experience i n  some northern t i e r  states and Al i i sska  
may i n d i c a t e  tha t  alternative procedures can be I n  198'7I'A 
Freeze-Thaw T e s t  t o  Det.ermins. the F r o s t  S u s c e p t i b i l i t y  of Soi,~Lsll, 
CRREL S p e c i a l  Report  87-1 by Edwin Y. Chamberlain proplosed a new 
method of d e a l i n g  w i t h  f r o s t  ac t ion .  

Ful ly  understanding t h e  effects of f r o s t  on pavement performsnce
has t h e  p o t e n t i a l  t o  s i g n i f i c a n t l y  advance pavement des iyn ,
r e h a b i l i t a t i o n ,  and ana lys i s .  As a consequence it is one of t h e  
major objectives of the MRRP experiment. 

PURPOSE 
I 

The purpose of t h i s  st.udy is t o  v e r i f y  o r  modify t h e  new e m r ,  
methods for p r e d i c t i n g  f r o s t  heave and thaw weakening., T h i s  w i l l .  
l e ad  t o  t h e  real  t i m e  predj-ction of aggregate arid s o i l  moduli 
r e l a t i v e  t o  t h e  environmental regime t h e y  a r e  exposed t o .  This 
w i l l  be u s e f u l  i n  e s t a b l i s h i n g  load r e s t r i c t i o n s  and 1 : L m i t s .  

APPROACH 


Both f i e l d  and l a b o r a t o r y  t e s t i n g  w i l i l  be conducted t o  support  the 
study.  Poten t i . a l ly  a l l  MRRP <::ellsmay be used f o r  fTield t e s t i n g  
of thaw weakening. All flexi.bl1.e and r i g i d  pavement c e l l s  c o u l d  be 
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used  t o  test  f r o s t  heaving. 

A column of moisture and temperatuice s e n s o r s  w i l l  be placed i n  
each MRRP cell  as p a r t  of an o v e r a l l  instrumentation scheme. A l s o  
sensors  w i l l  be i n s t a l l e d  t:o measure moisture r e s i s t i v i t y ,  an 
i n d i c a t i o n  of t h e  t r u e  freezjiny poin t  of water. These  sensors  w i l l  
be monitored t o  determine c r i t i c a l  f r o s t  c o n d i t i o n s  i n  t h e  pavement 
s t r u c t u r e  and roadbed when acce lera ted  damage occurs. I n  a d d i t i o n  
v e r t i c a l  pavement sur f  ace  he<avingw i l l  be determined using precise 
surveying measurements from f r o s t  free blenchmarks , bVD'lC s, o r  f r o s t  
heave p l a t e s  ,, The non-destructive s t rength  measurements w i l l  be 
made us ing  an FWD. 

h -bo ra to ry  t e s t i n g  w i l l  be colnducted on base/subbase aggregates  and 
s o i l  samples acquired from P4RRP cells :in accordance w i t h  t h e  new
CRREL f r e e z i n g  test. - -I 

The a n a l y s i s  w i l l  consist: of c o r r e l a t i n g  f i e l d  r e s u l t s  t o  
laboratory r e s u l t s  and comparing this)  model t o  t h e  one C!RREL 
obtained. 

A r e p o r t  w i l l  be w r i t t e n  after t h e  MRRP cel ls  have been tested 
through one win ter  ( f r eeze )  and one spr ing  (thaw). A t  t h a t  p o i n t
i n  t i m e  it w i l l  be determined what (if: any) addit.:ionaP t e s t i n g ,  
a n a l y s i s ,  and r epor t ing  should be done. 

RESOURCES 

About 500 hours w i l l  be required t o  complete t h e  i n i t i a l  t e s t i n g ,
a n a l y s i s ,  and repor t ing .  Moisture, temperature, r e s i s t i v i t y ,  and 
heave ins t rumenta t ion  and data c o l l e c t i o n  w i l l  be provided through 
MFUU? resources ,, Addit ional  :resources wj.11 be a v a i l a b l e  from C'RREL 
t o  conduct t h e  l abora to ry  t e s t i n g .  
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Researmch. Objective # 5  
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. 

Inf luence of Axle Ihad Magnitude Upon Pavement 
Performance Under Crit i ical  Spring Thaw Conditions 

10/16/89 

Harri..s B. Baker 

BACKGROUND 

The development of this; research objec t ive  occurred during seve:ral  
meetings with Minnesota l o c a l  road representa t ives  whlo discui.ssed 
and ranked t h e i r  pavement :research needs. Thi.s ob:je c t i v e  w a s  
ranked most important due to.t h e  l ack  of i n fomat ion  regarding t h e  
-effectsof heavier  allowable axle loads  (9  t o  14-ton), pa r t i cu l : a r ly
during t h e  critical sp r ing  t h a w  period. Spring l.o,ad restr ic t : . ions  
a r e  gene ra l ly  appl ied  more extens ive ly  by l o c a l  government agencies
because of lower ADT' s t hus  weaker designs. However,. hoth primary
and secondary f l e x i b l e  trunk;: highways experience t h e  same problem
when constructed over f r o s t  suscept ib le  Clay o r  silt subgrades ,, 
The c u r r e n t  p r a c t i c e  f o r  imposJtng spr ing  weight r e s t r i c t i o n s  varies 
w i t h  each agency. I t  USUiSlly is determined by experiencie o r  
p o l i t i c a l  p ressure .  General guidel ines  have been developed t o  
estimate load reduct ion magn:itude and when t o  apply and remove load 
res t r ic t ions  based OM a i r  temperature data .  However, t h e s e  
guide l ines- are r a r e l y  used. due t o  t h e  w i d e  range of i n - s i t u  
condi t ions.  There is  a nee!d t o  r e f i n e  cu r ren t  prisctices and 
evaluate new opt ions  t o  ma:lke guidel ines  more appl icable  to1 any
given site. An e a s i l y  irnplti!mented procedure is rieededl t o  he1I.p i n  
t h e  load r e s t r i c t i o n  decisilorn making p:rocess and give! documt;anted 
support  t o  dec i s ions  made. Local agencies need their maintenance 
money f o r  work o the r  than fjixing S t r u i C t U r a l  fa i l -ures  cause,d by
heavy loads during sp r ing  th<aweach year. S t a t e  agencies a l s o  need 
a more. absolu te  method of determining spr ing  load r e s t r i c t . i o n  
needs .  

PURPOSE 

The purpose of this research  objec t ive  is t o  improve t h e  cukrent, 
p r a c t i c e  of e s t a b l i s h i n g  where and when t o  apply sp r ing  load 
r e s t r i c t i o n s  as w e l l  as t h e  durat ion and magnitude of.the load 
reduct ion.  

APPROACH 

The performance of a l l  of t.he L o w  Volume Road (LVR) c e l l s  w i l l  be 
incorporated i n t o  this st:ucly. Damage during s p r h g  thaw is 
propor t iona l  t o  a x l e  weight:: and number of a x l e  load r e p e t i t i o n s .  
S p e c i f i c  s i n g l e  ax le  load repetit-ion:; (10 and 15-ton) w i  11. be 
induced on t h e  LVR segment of t h e  MRRP f a c i l i t y .  Instrumentat ion 
including moisture,  temperature, and s a l i n i t y  sensors ,  s t r a i n  
gauges , pressure cells, and  L i n e a r  var iabl  e displacement 
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t r ansduce r s  (LVDT's) w i l l  be i n s t a l l edb  i n  each ce l l .  The e f fec ts  
of t h e  heavy a x l e  loads  w i l l  be monitored and evaluated i n  s e v e r a l  
simultaneous s t u d i e s ,  each with a d i f f e r e n t  ob jec t ive .  S p e c i f i c
i n f e r e n c e s  w i l l  be drawn regarding damage done during s p r i n g  thaw. 
NDT app l i ed  t o  t h e  cel ls  wi.11 include FWD's and t h e  prof i lometer .
V i s u a l  surveys  of pavement condi t ion  w i l l  be conducted f r equen t ly
dur ing  t h e  c r i t i c a l  sp r ing  thaw period.  Weather d a t a  w i l l  be 
incorpora ted  i n  t h e  a n a l y s i s ,  

T h e  p r e l i m h a w  emphasis k r i l l  be an  attempt t o  r e l a t e  EwlP and 
weather data t o  s t r u c t u r a l  f a i l u r e s .  Percentage decreases i n  FWD 
measurements from summer t o  sp r ing  w i l l  be noted as each ce l l  is 
d r i v e n  t o  f a i l u r e .  

As cells f a i l  I d i f f e r e n t  pavement s e c t i o n s  w i l l  be cons t ruc ted  and 
, .loaded to f a i l u r e  w i t h  t h e  same load maqrnitudes or  vice v e r s a ,  .thus 

pe rpe tua t ing  t h e  load  r e s t r i c t i o n  r e f i n i n g  process  and r evea l ing
the most c o s t  effective des igns  f o r  problem a reas .  
An in te r im r e p o r t  w i l l  be w r i t t e n  i n  2 'years and a f i n a l  report .  i n  
5 years. 

RESOURCES 


The p r i n c i p a l  i n v e s t i g a t o r  will be performing complex ana lyses  of 
datum r e l a t i o n s h i p s  between as-bui:Lt design, load magnitude and 
r e p e t i t i o n s ,  instrument  and N D T  measurements, and weather. 
Inc lud ing  r e p o r t  wr i t i ng ,  i d :  w i l l  take an estimated 2000 hours t o  
complete t h i s  s tudy.  The instrumentat ion (temperature,  moisture ,  
and s a l i n i t y  senso r s ,  s t r a i n  gauges, LVDT's, and p res su re  c e l l s )
w i l l  be  purchased and i n s t a l l e d  under a MRRP cont.rac:t and w i l l  
coincide wi th  other studies.  The only unique monitoring requi red  
by t h i s  s tudy  may be an inc rease  in1 t h e  frequency t ~ fFWD t e s t i n g  F 
and v i s u a l  surveys  du r ing  t h e  critical spr ing  thaw per iod .  
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Research Objective #6-A 


Development of V e h i c l e  Laad Damage Factors  

For Aggregate Surfaced Roads 


I/25/9 0 

David E. Newconlb 


BACKGROUND 

Load equivalency f a c t o r s  provide a means f o r  equat ing t h e  dalmage
done by var ious  vehicle weights and t i r e  configurations; t o  t h a t  of 
a s tandard  weight and configuration. I n  t h e  AASHTO pavement d e s i g n
procedure, t h i s  is t h e  18,,000-lb equivalent s i n g l e  a x l e  load 

, . 	 (ESAL) . A s  t h e  name suggestr;, t h i s  is a s i n g l e -axlfa. w i t h  d u a l  
t ires i n f l a t e d  t o  70 p s i  a t  a weight of 18,000 lbs .  Th i s  concept
o r ig ina t ed  a t  t h e  AASHO Road T e s t  where s i n g l e  a x l e s  and tandem 
axles wi th  dua l  tires were used t o  load t h e  pavements. I n  t he  
pavement design process,  t h e  load equivalency factors are l j  s t e d  
f o r  pavements of t h e  same s t r u c t u r a l  capaci ty  and terniinall 
s e r v i c e a b i l i t y  index. While these are widely used i n  t h e  d e s i g n  
of pavements, there are some def ic ienc ies  inherent  j-n t h e m .  F j  rst, 
t h e  loads  considered a r e  f o r  s t a t i c :  weights and thus ,  t h e  
con t r ibu t ion  of d i f f e r e n t  siiispension systems cannot be included. 
Second, t h e  t i r e  type used a t  the  AASHC) Road T e s t  was a b ias  ply
t i re ,  and t h e  current: t rend  is towardl r a d i a l  tires which have 
d i f f e r e n t  pressure  d i s t r i b u t i o n s .  The i n f l a t i o n  pressure  used f o r  
t h e  ESAL w a s  70 p s i ,  while most t rucks  use about 100  p s i  today. 
A dua l  t i re  conf igura t ion  or� standard s i z e  t ires was used  i n  t h e  
development of t he  ESAL; whemaas now such conf iguirations as super
s i n g l e s  and high-cube (smailll. tires, high pressure)  tires are 
appearing. Las t ly ,  t h e  ax le  configurations now include tridem 
ax le s  and drop ax les .  

PURPOSE 

The purpose of t h i s  research would be t o  provide estimates of 
damage caused by d i f f e r e n t  vehic le  1.oadhg systems. T h i s  cou:lLd be 
done by d r i v i n g  vehicles ovex: instrumented pavements and monitoring
t h e  r e a c t i o n s  t o  t h e  loads.  These experiments could be done on am 
as-needed basis using t h e  lowvolume road sec t ions .  By knowing t h e  
response of the pavement t o  the loadl, a mechanistic a n a l y s i s  c:suld 
be performed t o  a s c e r t a i n  t h e  effect: of t h e  load on pavement l i f e .  

APPROACH 

The t e s t  cells  which would be s u i t a b l e  fo r  t h i s  purpcise would be 
LVR-A-1 through LVR-A-4. Two of these sect ions w i l l  have aggregate
su r faces  and the  o the r  twci w i l l  have ch ip  s e a l  su r f aces .  The 
r a t i o n a l e  f o r  including t h e  c h i p  s e a l  sec t ions  is t h a t  they may be 
t r e a t e d  mechanis t ical ly  i n  t h e  same manner a s  t h e  aggrieqate
su r faced  pavements. The primary d i f f e r e n c e s  expected are  t h a t  t h e  
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ch ip  s e a l  s e c t i o n s  w i l l  riot have seasonal changes t o  t h e  same 
degree as  the  aggregate  surfaced sec t ions ,  and t h a t  t h e  c h i p  s e a l  
s e c t i o n s  w i l l .  have a g r e a t e r  r e s i s t a n c e  t o  t h e  shea r ing  ac t ion  of 
v e h i c l e  tires. Two types of aggregate ma te r i a l s  w i . 1 1  be used on 
both t h e  aggregate sur faced  and the clhip seal sur faced  s e c t i o n s .  
One of t h e s e  w i l l  be a clean aggregate with very little f i n e  (minus 
N o .  200)  material and the  o t h e r  w i l l  have a moderate m o u n t  of f i n e  
ma te r i a l .  

The primary. concern about vehicle  loading systems on aggrega te  
pavements would be i n  terms of haw t h e  measured responses
c o r r e l a t e d  t o  r u t  depth  and corrugat ions i n  t h e  su r face .  Th i s  may 
r e q u i r e  t h e  use of exis t incl  f a i l u r e  cri teria s i n c e  t h e r e  w i l l  no t  
be enough t i m e  to f a i l  t h e  pavements i n  t h i s  s tudy .
Ins t rumenta t ion  is necessary t o  perform t h i s  s tudy  wi th  t h e  primary
emphasis on measuring tem:perature and moisture con ten t s .  The 
response of t h e  pavements t o  load could be ascertained1 .by measuring
vertical  d e f l e c t i o n s  and stresses alt var ious depths  i n  t h e  pavement 
s t ruc tu re .  One p o s s i b l e  .i~natrumentationconf igurat.1.on is shown 
below. 

Instruientatlon Ror LYR Aqqreqate Surface Sections 

RESOURCES 


The P I  must have a b a s i c  understanding of s o i l  mechanics arid of 
how t o  r e l a t e  t h e  measured pavement responses  t o  t h e  expected
performance of t h e  pavement:, The completion of t h i s  work could 
r e q u i r e  200 t o  1000 hours of technician and engineer  t i m e .  The 
c o s t  should mainly be assoc ia ted  w i t h  t h e  l abor  involveid i n  
c o l l e c t i n g  anti ana lyz ing  t h e  data .  
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Research Objective #6-B 

Development of Vehicle Load Damage FilCtorz; 


Flexible  Pavements 


1/2 5 /  90 

David E.  Newccmb 


BACKGROUND 

Load equivalency f a c t o r s  pi::ovide a m e a m  f o r  equat ing t h e  damage
done by va r ious  veh ic l e  weights and t i r e  configurat ions t o  th1.a.t ;,f 
a s tandard weight and conf iqrulration I n  t h e  AASHTO pavement design
procedure, t h i s  is the  18 000-lb equivalent s i n g l e  a x l e  :Loaci 
( E s A L ) .  As t h e  name suggEi!sI:s, t h i s  is a s i n g l e  a x l e  w i t h  dua l  
tires i n f l a t e d  t o  70 .psi  at, a weight of 18,000 lbs .  'This co'ncept
o r ig ina t ed  a t  t h e  AASHO Rdlad T e s t  where s i n g l e  ax le s  and tandem 
axles with dua l  tires were used t o  load t h e  pavements. I:in t h e  
pavement design process,  the load equi.valency f a c t o r s  are listeci 
f o r  pavements of t h e  sane s t r u c t u r a l  capaci.ty and terminal  
s e r v i c e a b i l i t y  index. While these are: widely used in the  design
of pavements, t h e r e  are some def ic ienc ies  inherent  i n  them. First:, 
t h e  loads  considered a r e  f o r  s t a t i c  weights and thus,  t h e  
con t r ibu t ion  of d i f f e r e n t  suspension slystems cannot be included,, 
Second, t h e  t i r e  type! used a t  t h e  AASH:O Road Tes t .  was a S i a s  p ly
t i r e ,  and t h e  cu r ren t  trend is toward r a d i a l  t i res  which have 
d i f f e r e n t  pressure  d i s t r i b u t i o n s .  The i n f l a t i o n  pressure  used f o r  
t h e  ESAL w a s  70 p s i ,  while most tlruckrs use  about 100 p s i  today.
A dual  t i r e  configuraltion of standard s i z e  t i r e s  was used i n  t h e  
development of t h e  ESAL; whereas now such conf igura t ions  a s  super
s i n g l e s  and high-cuhe (smal.1 tires, high pressure) /  t i res  a r e  
appearing. Las t ly ,  t h e  axle. configurations now include tridem 
axles  and drop ax les .  

PURPOSE 

The purpose of t h i s  research would be t o  provide es t imates  of 
f l ex ib l e  pavement damage caused by d i f f e r e n t  veh ic l e  loading 
systems. Th i s  could be done by dr iv ing  vehic les  over instrumented 
pavements and monitoring t h e  reac t ions  t o  the loads. These 
experiments could be done 0x1 an as-needed b a s i s  u s h g  t h e  low-
volume road sec t ions .  By kmbwing the response of t h e  pavement to 
t h e  load, a mechanistic ana lys i s  could1 be performed 'to a s c e r t a i n  
t h e  effect of t h e  load on pavement life. 

APPROACH 

The tes t  ce l l s  which would be s u i t a b l e  for  t h i s  purpose would he  
LVR-F-8 through LVR-F'-15. These pavemlents represent  a range from 
t h i n  conventional a spha l t  concrete surface over aggregate b a s e  to 
fu l l -depth  a s p h a l t  concrete.  Additionally, there would be t w o  
types  of subgrades present ;  a n  AASHTO A-6 loam and an A-7 c lay .  
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T h e  primary concern abou t  veh ic l e  loading systems on flexible 
pavements would be i n  'terms of  how t h e  measured responses  
correlated t o  rut depth  and f a t i g u e  cracking. T h i s  may r e q u i r e  t h e  
use  of exist:ing f a i l u r e  c r i t e r i a  s i n c e  there  w i l l  riot be enough
t i m e  t o  f a i l  t h e  pavements i n  t l h i s  study. Instrumentatlion is 
necessary t o  perform t h i s  study w i t h  t h e  primary emphasis on 
measuring temperature and moisture col?tentS. The response of t h e  
pavements t o  load could be ascer ta ined  by measuring v e r t i c a l  
d e f l e c t i o n s ,  v e r t i c a l  stresses, arid hor izonta l  s t r a h s  a t  v a r i o u s  
depths  i n  the '  pavement s t r u c t u r e .  O n e  poss ib l e  ix1:strument a t i o n  
conf igu ra t ion  is  shown below. 

Instruttitation for LTP ConrentloM1 Sections 

RESOURCES 


The PI must have a basic tlnderstainding of layered  e1.asti.c t heo ry
and of how t o  relate the measured pavement responses  t o  t h e  
expected performance of the pavement. The completAoui of t h i s  work 
could require 2 0 0  to 1500 hours o:E technician and engineer  t i m e .  
The c o s t  should mainly be assoc ia ted  w i t h  t h e  l abor  involved i n  
c o l l e c t i n g  and analyzing t : h e  da ta .  
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Researc::h Objective #6-C 

Development of Vehicle Load Damage Factors For 


R i q i i d  Paveinents 


It/2 5/90

Dav.id E .  Newcozab 


BACKGROUND 

Load equivalency f a c t o r s  provide a means f o r  equating t h e  dalmage
done by var ious  veh ic l e  w e i g l h t s  and t i r e  configurat ions t o  thelt t  of 
a s tandard weight and c:onfigurtntion. I n  t h e  MSHTO pavement d e s i g n
procedure, t h i s  is the 18,000-lb equivalent Single  a x l e  load 
(ESAL) . A s  the name SUggeE:;tS, t h i s  is a Single! a x l e  w i t h  dua l  
tires i n f l a t e d  t o  70 p s i  a t  a weight: of 18,000 l b s .  T h i s  conicept
o r ig ina t ed  a t  t h e  AASHO Road T e s t  where s i n g l e  axles  and tandem 
a x l e s  with dua l  t ires were used t o  load the  pavements. I n  the  
pavement design process ,  t h e  load equivalency f a c t o r s  are l i s t e d  
for  pavements of t h e  same s t r u c t u r a l  capaci ty  and terminall 
s e r v i c e a b i l i t y  index. While these are widely used i n  t h e  design
of pavements, there are some de f i c i enc ie s  inhe ren t  i n  t h e m .  F i r s t ,  
t h e  loads  considered are f o r  s t a t i c :  weights and thus ,  t h e  
con t r ibu t ion  of d i f f e r e n t  suspension systems caninot be inc luded  #, 
Second, t h e  t i r e  type  used :kt t h e  AASHC) Road T e s t  w a s  a bias ply
t i r e ,  and t h e  current: t r e n d  is toward! r a d i a l  tires wnich have 
d i f f e r e n t  pressure  d i s t r i b u t i o n s .  T h e  i n f l a t i o n  pressure usedl for 
t h e  ESAL w a s  70 p s i ,  w h i l e  most t rucks  use  about 100 p s i  today. 
A dual  t i r e  conf igura t ion  of standard s i z e  t i r e s  was used i n  t h e  
development of the ESAL; whereas now sulch configurat ions as super
s i n g l e s  and high-cube (small. tires, high pressure)  t ires are 
appearing. Las t ly ,  the  ax:Le confj-gurations now incltude t r  idem 

B a x l e s  and drop ax les .  

PURPOSE 

The purpose of t h i s  research would be t o  provide estimates of r i g id  
pavement damage caused by d i  Efe r e n t  vehicle  loading systems. T h i s  
could be done by d r i v i n g  vehicles  over instrumented pavements and 

.. 	 monitoring the  r e a c t i o n s  to *theloads. These experiments could be 
done on a n  as-needed basis ursing the lov-volume road sec t ions .  By
knowing the response of the pavement t o  t h e  load, a mechanistic: 
a n a l y s i s  could be performed ta asce r t a in  the  effect of t he  load on 
pavement l i fe .  

APPROACH 

T h e  t e s t  cells which would be s u i t a b l e  f o r  t h i s  purpose would be 
LVR-R-3 through LVR-R-7. A v a r i e t y  of des ign  d e t a i l s  are 
represented i n  these pavements such as  t h e  presence of dowels, 
panel l eng ths  I and cross-secl:ion geometry. Addit ional ly ,  t.here 
would be two types  of subgrades p r e s e n t ;  an AASHTO A-6 loam arid a n  
A-7 c lay .  
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The primary concern about veh ic l e  loading systems on r i g i d  
pavements would be i n  t e r m s  of how t h e  measured responses
c o r r e l a t e d  to mid-panel and corner  crac:king. T h i s  may r e q u i r e  t h e  
use of e x i s t i n g  f a i l u r e  c r i t e r i a  s i n c e  there w i l l  no t  be enough 
t i m e  t o  f a i l  t h e  pavements i n  t h i s  study. Instnnxnentation is 
necessary t:o perform t h i s  s tudy w i t h  t he  primary emphasis on 
measuring temperature  and mofsture contents .  The re:;ponse of t h e  
pavements t:o load  could Ibe ascer ta ined  by measuring v e r t i c a l  
d e f l e c t i o n s ,  ver t ica l  stresses, and hor izonta l  s t r a i n s  a t  va r ious  
depths  i n  t h e  pavement s t r u c t u r e .  One poss ib l e  xns'trumentation 
conf igu ra t ion  is shown bellow. 

-.---r . HRRP SECTION IILlO-R-:LO - STRAIN GAGES 
" -

I A  D a  - I  

(a )  Plan V i e v  

RESOURCES 


The PI must have a bas,c understanding of layered  el.astic theo ry
and of how t o  relate t h e  measured pavement response's t o  t h e  
expected performance of t h e  pavement. The completion of t h i s  work 
could r e q u i r e  200 t o  1500 hours of technician and enqineer  t i m e .  
The  c o s t  should mainly be assoc ia ted  wi th  t h e  l abor  involved i n  
c o l l e c t i n g  and analyzing t h e  da ta .  
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Research Object ive #7 

In f luence  of N e w  vehicle Gear Conf igurat ioms 

and T i r e  !3ystems on Pavement P e r f  ormarice 


31O /  9/8 9 

David M. Johnson 


BACKGROUND 

New heavy v e h i c l e  des igns  a r e  coming down t h e  road fas ter  thaln we 
can f u l l y  understand the effects of the current: des igns  on our  
pavements. Under empirical pavement des ign  methaids t r a , f  fi c  
loadings  are gene ra l i zed  (ESJUAs and CESA:Ls). However as w e  develop
t h e  mechanis t ic ,  approach t o  pavement des ign  lye! . require more 
s p e c i f i c  knowledge about  t h e  e f f e c t s  of traf :Eic loadings; on 
pavement s t r u c t u r e s .  I n  a d d i t i o n  t h e r e  has  been . i nc reas ing  
p r e s s u r e  f r o m  t h e  t r u c k i n g  indus t ry  t o  permit new and h e a v i e r  
v e h i c l e s  on o u r  roadways. F a r  t h e s e  reasons t h e  MRRP f a c i l i t y  w i t h  
its s t r o n g  emphasis om pavement instrumentat ion w i l l  be used t o  
perform thorough ana lyses  of t h e  effectis of new a.nd heavy tra1,ffic: 
loadings  on concre te ,  bitumi.nous, arid arggregate s u r f  aced road1.s. 

PURPOSE 

The 2 purposes  of t h i s  study are to:: 

(1) determine  t h e  effects o:E var ious  permit ted gear-tire- load 
systems on pavement s t ructures  as part: of t h e  development of a 
mechanis t ic  method for  paveaerrt design. 

(2) test gear-tire-load sys4:ems t h a t  are not c u r r e n t l y  permi t ted  
i n  order t o  determine t h e  c:ost of t h e i r  effects on pavement 

" s t r u c t u r e s .  ~ 

APPROACH 

(1) R e a l  world gear- t i re- load systems w i l l  be monitored on t h e  
main l ine  cells and s p e d a l l y  configured systems w i l l  be  tested on 
the l o w  volume road cells. The measuremdnt of t h e  s t r a i n s  and 
d e f l e c t i o n s  of t h e  w e l l  inst.rument:ed cells under a v a r i e t y  of 
c o n d i t i o n s  w i l l  l e ad  to a b a s i c  mec:han.istic understanding of t h e  
effect  of heavy t r a f f i c  loadings on pavement s t r u c t u r e .  T h i s  
knowledge w i l l  suppor t  MRRP ob jec t ive  #2 ,  t h e  development o f  
mechan i s t i ca l ly  based pavemenl: design methods. 

( 2 )  Non-permitted gear- t i re-! load systems w i l l  be d r iven  on t h e  l o w  
volume road t e s t  cells .  Some of t h e s e  ce l l s  w i l l .  be heav i ly  
instrumented t o  cap tu re  s t r ' ahs  and d e f l e c t i o n s  i n  t h e  pavement
s t r u c t u r e s  under va r ious  condi t ions .  These responses  k r i l l  undergo 
a mechanis t ic  a n a l y s i s  t o  p r e d i c t  t h e  effect of t h e  systerrrs on  
pavement l i f e .  T h i s  w i l l  a l low r e a l i s t i c  c o s t s  t o  be assoc:Lated 
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with permits. 


RESOURCES 

(1) Because this part of the study suppOrtS other MKElP studLies it 
is important that it be completed early on. An interim r e p o r t  w i l l  
be completed after 1 year and a final r epor t  Will be written at t h e  
conclusion of this 2 year study. A person w i t h  a :;trong
understanding of the mechanistic performance of pavemtimt structures 
will spend about 2000 hours on this part of the study. 

( 2 )  A person with a strong understanding of t.he mechanistic 
performance of pavement structures will spend an additional 2000 
hours during the life of the  :Lowvo:lume road cells eval.uatingabout 
15 basic nan-permitted gear-tire-load systems. A cost analysis 
report will be written at the completion of each system evaluation. 
A final report will be written at the completion of this 3 year
study. 
Several MRHP cells will ]be heavily instrumented under a M~mp 
contract to support both parts of this study. MRIiP will provide 
resources to support the eo1:Lectioin of relevant data. 
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Research Obje e t i v e  # 8  

In f luence  of Asphalt:: Concrete Mixtures Pl?opert.ies
Upon Dia;tress/Performance 

BACKGROUND 

Asphalt  c o n c r e t e  mixture pl: 'operties cam do much t o  ( d i c t a t e  t h e  
performance of a pavement. Def ic ienc ies  i n  mixture parameterms or 
p r o p e r t i e s  can lead t o  e a r l y  f a i l u r e  and, t hus ,  expensive r e p a i r s .  
I t  is known, f o r  example, t h a t  f a t i g u e  l i f e  decreases  by about  10 
percen t  f o r  each one pe rcen t  i nc rease  i n  a i r  voids .  L a w  a i r  voids 
and h igh  a s p h a l t  con ten t  a r e  respons ib le  fo r  r u t t i n g  in1 bitumj.nous 
pavements. High a i r  vo ids  and t h e  U s e  Of temperature suscept . ible
a s p h a l t  cement can lead t o  a mixture with a tendancy toward 
frequent  thermal cracking.  While t h e s e  general. rules s e n e  t o  
remind one of t h e  implication:; of mixture paramet:ers, they  do not  
a l low f o r  t he  q u a n t i f i c a t i o n  o f  t h e i r  effects. 

PURPOSE 

The purpose of t h i s  researclh projeck is t o  examine t h e  impact of 
mixture p r o p e r t i e s  on pavement performance. The mixture  p r o p e r t i e s
which w i l l  be v a r i e d  i.nclude!: 

1) asphalt .  cement type,  
2) asphalt .  cement temperature s u s c e p t i b i l i t y I 

3) a i r  voi.ds i n  t h e  mixture, and 
4 )  mixture a s p h a l t  content .  

The types of  distress which w : i l l  be  of primary concern include:  

1) permanent defiomatioin, 
2 ) f a t i g u e  cracking,  
3 ) thermal. craclring, 
4 )  aging, and 
5) s t r ipp jmg/mobture  s u s c e p t i b i l i t y .  

The goal of t h i s  p r o j e c t  should be the q u a n t i f i c a t i o n  of  pavement
l i fe  r e d u c t i o n  due t o  deficiencies i n  mixture parameters.  A t  some 
p o i n t  i n  the researclh, it is concieveable that  pay adjustment
f a c t o r s  might be developed t o  reimburise t h e  agency f o r  reduced 
pavement l i f e .  

APPROACH 

The work p l a n  f o r  var ious  cel ls  is divided according t o  t h e  
s p e c i f i c  t y p e  of distress. I n  o rde r  t o  proper ly  a s c e r t a i n  t h e  
effects of mixture  parameters on performance, it w i l l  he necessary 
t o  monitor  t h e  performance over a range of t r a f f i c .  Thus, e l emen t s  
of a l l  three roadways w i l l  Ibe used.  
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1) Permanent Deformation: Rutting can r e s u l t  from t h e  
permanent displacement of t he  su r face  O r  any of t h e  pavement
sublayers .  If t h e  permanent deformation Occurs p r i m a r i l y  j.n t h e  
su r face ,  t hen  it is due t o  mater.ial movements bro~xqht about  by
excess ive  shear s t r a i n s .  These a r e  d i f f i c u l t  t o  measure arid t h e  
methods f o r  measuring them are not proven except f o r  n r e i t e r i a l s  such  
a s  metals. Another method f o r  measuring permanent displacement  i n  
a s p h a l t  conc re t e  is t o  use  an incli.nometer. The u s e  o f  t h e  
mult idepth deflectometer (IflIDD) t o  measure t h e  v e r t i c a l  permanent
s t r a i n  is a l s o ' a  p o s s i b i l i t y .  I t  would be best to restrict t h e  
shea r  s t r a i n  measurements t o  the! Law Volume Road experiment ,
s p e c i f i c a l l y :  

LVR-F-9 
LVR-F- 1 0  

Trans i en t  d e f l e c t i o n  measurements could be made hy mearts of 
geophones on t h e  mainl ine sec t ion :  

ML5-F-4 
ML10-F-14 
ML10-F-15 

2 )  Fat igue  Cracking: Fa i lu re  in  t h e  fatigue mode is t h e  
r e s u l t  of repea ted  t e n s i l e  s t ra ins ;  a t  t he  bottom of t h e  s u r f a c e  
l a y e r .  These s t r a i n s  can be  caused by condi t ions  wh.Lch make t h e  
s u r f a c e  t o  base i n t e r f a c e  vulnerable ,  such as  a s p r i n g  thaw 
cond i t ion  i n  which t h e  subgrade is frozen and t h e  base  cour se  i s  
s a t u r a t e d .  The measurement of t e n s i l e  s t r a i n s  can he accomplished
by embedment s t r a i n  gages placed i n  t h e  wheelpaths. These gages 
are o r i e n t e d  perpendicular  t o  t h e  d i r e c t i o n  of t r a f f  k. V e r t i c a l  
d e f l e c t i o n s  may be used t o  i n d i r e c t l y  i n f e r  t h e  faticwe behavior  
of pavements. When selecting s e c t i o n s  f o r  t h i s  s tudy ,  it would be 
impor t a r t  t.o c o n s i d e r  differences i n  t r a f f i c  l e v e l s ,  a s p h a l t  
conc re t e  th i ckness ,  and ma te r i a l  p roper t ies .  Sec t ions  which would 
be s u i t a b l e  f o r  fatigue cracking s t u d i e s  include: 

ML5-F-1 
ML5-F-4 
ML10-F-14 
MI;l0-F-16 
MI;10-F-21 
ML10-F-22 
LVR-F-9 
LVR-F-10 
LVR- F- 11 
LVR- F-12 
LVR- F- 1 3  
LVR-F-14 

3 )  T h e r m a l  Cracking: Transverse, block, o r  thermal cracks 
appear  i n  pavements when t : h e  cycle! of d a i l y  temperature  is such 
t h a t  thermal stressed produced is g r e a t e r  than t h e  t e n s i l e  s t r e n g t h  
of t h e  a s p h a l t  mixture.  T h e  appearance of these crac:ks does n o t  
i n d i c a t e  a s t r u c t u r a l  fai:Lurt? of t l h e  pavement.  R a t h e r ,  t h e y  are 
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related t o  t h e  r a t e  of deter ’ iora t ion  of pavement. layers dlte to 
weakening caused by mo.isture i l n f  i l t r a t i c l n  i n t o  t h e  a s p h a l t  conc:rete 
l a y e r  or t h e  sub laye r s .  The fdCtorS which may in f luence  t h e  alnount 
and s e v e r i t y  of thermal  crei.cking are: a )  p r o p e r t i e s  of a s p h a l t  
cement, b) voids i n  t l h e  a s p h a l t  mixture ,  C )  t ype  of subgrade, d )
t h i c k n e s s  of t h e  s u r f a c e  l a y e r ,  and d) t raff ic  l e v e l .  E lec t r ica l  
r e s i s t a n c e  t a p e  could be used t o  monitor t h e  t i m e  of cracking i n  
pavements and LVDT’S could ,be used f o r  measuring c rack  open.hgs.  
AS a backAup device, gage poirnts set: i n  t h e  pavement s u r f a c e  could  
a l so  be ilsed. Sec t ions  sui1,:alble fo r  instrumentat:ion include:)  

ML5-F-1 

ML5-F-2 

ML5-F-4 

ML10-F-14 

ML10-F-15 

ML10-F-16 

ML10-F-18 

LVR-F-8 

LVR-F-9 

LVR-F-10 

LVR-F-11 

LVR-F-12 


4) Aging: T h e  embritkl.ement of a spha l t  cement over  t h e  is  
referred t o  as aging. This  is priruari:Ly due t o  t h e  oxidaticjn of 
some of t h e  p o l a r  chemical f r a c t i o n s  i n  the asphal t , ,  T h e  detrji-ment 
from t h i s  behavior is t h a t  a spha l t  mixitures w i l l  t end  t o  be more 
s u s c e p t i b l e  t o  temperature  and load r e l a t e d  cracking.  F a c t o r s  
which can  c o n t r i b u t e  t o  t h e  ag ing  process include:  a) t h e  
tempera ture  s u s c e p t i b i l i t y  of t h e  a s p h a l t ,  b) t h e  pe rcen t  a i r  voids 
i n  t h e  mixture, and c) t h e  or iginal  consistency of the  a s p h a l t  
cement. The on ly  s u r e  method of t r a c k i n g  t h e  aging process  1.5 t o  
take samples from t h e  pavement a t  g i v e n  interval.^, e x t r a c t  and 
recover  t h e  a s p h a l t  cement:, . and measure t h e  v i s c o s i t y  and/or
pene t r a t ion .  S e c t i o n s  s u i t a b l e  f o r  a study on aging inc lude :  

ML5-F-1 

ML5-F-2 

ML5-F-3 

ML5-F-4 
ML10-F-17 

ML10-F-18 

ML10-F-19 

ML10-F-20 

ML10-F-14 

ML10-F-15 

LVR-F-14 

LVR-F-10 


5) Str ipping/Moisture  S u s c e p t i b i l i t y :  Thie mois ture  
s e n s i t i v i t y  of mixtures  is .limportant i n  t h a t  it can l ead  t o  a 1.0s~ 
of cohesion i n  t h e  s u r f a c e  matelrial. This lack. of c:ohesion can 
t r a n s l a t e  t o  a number o f  types  o f  distresses, inc::Luding: 1) 
f a t i g u e  c rack ing ,  2 )  r u t t i n q ,  and 3 )  r ave l l i ng .  T h e  p o t e n t i a l  for-
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s t r i p p i n g  is u s u a l l y  assessed pri .or  t o  c o n s t r u c t i o n  by means of  
water  c o n d i t i o n i n g  1aboraI:ory compac1:ed samples and t e s t i n g  t h e  
material before and af ter  cxmdit ioning.  The loss o f f  s t r e n g t h  o r  
r e s i l i e n t  modulus is t h e n  relat.ed t o  t h e  water  s e n s i t i v i t y .  
C o n t r i b u t i n g  factors i n  the  s t r i p p i n g  p o t e n t i a l  of m i x t u r e s  
inc lude :  a )  high a i r  v o i d s ,  b) 1ow-viscosit:y a s p h a l t ,  C )  

t empera tu re  s u s c e p t i b l e  asphal t ,  (1) a b s o r p t i v e  a q g r e g a t e ,  and e)
s i l i c e o u s  aggregate. I n - s i t u  in s t rumen ta t ion  is r i o t  s u i t e d  t o  
measuring t h i s  t y p e  of probl.em. S e c t i o n s  which might  be used i n  
t h i s  s t u d y  inc lude :  

ML5-F-1 
ML5-F-2 
ML5-F-3 
ML5 -F- 4 
MLI.0-F-17 
MLI.0-F- 18 
ML1.0-F-19 
ML10-F-20 
ML10-F-14 

ML3.0-F-15 

LVR-F-14 

LVR-F-10 

RESOURCES 


1) Permanent Deformat-ion 

a) 	 Personnel :  2 Engineer  @ 30% 
1 Technic ian  @ 30% 

b) Time: 5 y e a r s
c) 	 Equipment: 2 0  s t r a i n  gages

5 i nc l inomete r s  
1.0 MDD's w i t h  3 LVDT's each 
2 0  Accelerometers 

d) Funding: $200,000 

2 )  Fatigue Cracking 

a) 	 Personnel :  1 Engineer @ 30% 
1 Technic ian  @ 30% 

b) Time: 5 y e a r s  

c) Equipment: 75 s t r a i n  gaqes
110 MDD's w i t h  3 LVDT's each 
210 Accelerometers 

d) Funding: $2510,000 
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3 )  Thermal Cracking 

a )  	 Personne l :  1 Engineer  @ 2 0 %  
1 Techn ic i an  @ 30% 

b) Time: 3 y e a r s  

c) Equipment: lOCB0 f t .  e lectr ical  resistance tape 

d) Funding: $100,000 

4 )  Aging 

a )  Personnel :  1 Engineer  @ 5% 
- 1 J:!.echnic:ian @ 15% 

b) Time: 10 years;; 

c) Equipment: None 

d) Funding: $50,000 

5) S t ripping/Moisture! S e n s i tivit:y 

a) Personnel :  1. Xngineer @ 20% 
1. Techn ic i an  @ 40% 

b) Time: 5 y e a r s  

c) Equipment: N o n e  

d) Funding’: $150 1v 000 
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Rese,arch Objective #9 

In f  luerice of Unbound G r a n u l a r  Base/Subbase P r o p e r t i e s
Upon F l e x i b l e  Pavement Perfiormance/Distres;s 

1O/ 101'8 9 
Har r i s  B. Baker 

BACKGROUND 

A t  t h e  MRRP f a c i l i t y ,  a w i d e  Vari@ty of untreatzed aggrega te
base/subbase types have been selected f o r  u se  i n  both t h e  LVR and 
Mainline bituminous su r faced  experimental C e l l s .  These m a t e r i a l s  
range from "open graded" t o  a "diz'ty sand gravel". A wide range 
of performance is expected from t h e  d i f f e r e n t  aggregates  r e l a t ive  
t o  s t r e n g t h ,  modulus, drainage,  andl f r o s t  suscept ibi l . i . ty .  A g r e a t  
deal of information can be (obtained.regarding t h e  in f luence  of t h e  
d i f f e r e n t  base/subbase l a y e r s  on each pavement system. 

PURPOSE 

The purpose of t h i s  research ob jec t ive  is t o  ga in  a deeper  i n s i g h t
i n t o  t he  p r o p e r t i e s  of ma te r i a l s  used f o r  base/subbase s o  t h a t  w e  
may e s t a b l i s h ;  
1. 	 B e t t e r  c h a r a c t e r i z a t i o n s  of materi.al s t r eng th ,  response to 

s t r e s s / s t r a i n ,  and f r o s t  s u s c e p t i b i l i t y ,  which should lead  t o  
more a c c u r a t e  p r e d i c t i v e  pavement imodels, 

2 .  More confidence re la t ing  f i e ld  NDT t o  labora tory  t e s t i n g ,  and 
3 .  Fur ther  c a t e g o r i z a t i o n  of aggregate types.  

APPROACE 

A l l  f l e x i b l e  pavement cel ls  w i t h  baise/:;ubbase ( 3  M L 5  -k 8 ML10 + 6 
LVR = 17 cells)  w i l l  be monitored t o  eva lua te  hase/subbase 
performance Materials w.i.l.1 be inspected and tested extens.ivelty 
p r i o r  t o  and a t  the  t i m e  of placement (gradation, max:imum d e n s i t y
and moisture. con ten t ,  liquidl l i m i t ,  p l a s t i c i t y  index, CBR, R-value, 
repea ted  t r i a x i a l  load ( r e s i l i e n t  moduluLs) 8 abrasion,  permeabiltity, 
etc. ) . Ins t rumenta t ion  including moisture, arid
s a l i n i t y  sensors w i l l  be i n s t a l l e d  i n  each cell. 

temperature,
CleU.11~M L l O  F-It8 

ti F-23 w i l l  need t i p p i n g  buckets t o  monitor outflow from edge
d r a i n s .  N M I  app l i ed  t o  t h e  cells, w i l l  include F W I ) " s  and the 
prof i lometer .  Visual  surveys of paivement cond.ition w i l  L be 
conducted. A f i t e r  t h e  l i f e  of  t h e  cell  t h e  pavement w i l l  be removed 
and t h e  base/subbase w i l l  be inspected and tes ted.  

T r a f f i c  and weather data w i l l  be incorporated i n  t h e  a n a l y s i s .  

An i n t e r i m  r e p o r t  w i l l  be w r i t t e n  i n  5 years and a f i n a l  r e p o r t  i n  
1 0  yea r s .  
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RESOURCES 


The p r i n c i p a l  i n v e s t i g a t o r  wiill be  performing complex analy,;c e s  sf 
t h e  soil-aggregate mixtures  which, along with r e p o r t  w r i t i n g ,  w i l l  
t a k e  an estimated 2000 hours.  Ahout 1 0 2  moisture  s e n s o r s ,  102 
temperature  senso r s ,  2 t i p p i n g  buckets,  and a not-yet-determined 
amount of s a l i n i t y  s e n s o r s  w i l l  be purchased and i n s t a l l ' e d  under 
a MRRP c o n t r a c t .  
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Research Objective #lo 

In f luence  of Unbound Granular Base/Subbase Pro:perties
Upon R i g i d  Pavement Performance/Distress 

1O/ 5/ �3 9 
. .Disvid M. Johnson 

BACKGROUND 

Granular materials are given less a t t e n t i o n  i n  r ig id  pavement
des ign  t h a n  i n  f l e x i b l e  design. T h i s  is p a r t i a l l y  due t o  t h e  
stiffer n a t u r e  of the su r fac ing  mater ia l .  A "granul.ar materiall* 
can range anywhere from ii d i r t y  sand  grave l  t o  an open graded 
d r a i n a b l e  material. I n  add i t ion  cons t ruc t ion ,  t r a f f i c ,  and 
envir0nment:a.l v a r i a b i l i t y  w i l l  a f f e c t  t he  performance of g r a n u l a r
materials i n  terms of s t r eng th ,  modulus, f r o s t  behavior,  and 
d r a i n a b i l i t y .  

PURPOSE 

T h e  purpose of t h i s  s tudy  i.s t o  bet ter  understand t h e  influerice of 
g ranu la r  base/subbase ma te r i a l  p rope r t i e s  and des ign  on t h e  
performance of r i g i d  ]pavements s o  granular  base/subbase
s p e c i f  i ca t io r i  and des ign  parameters cam be v e r i f i e d  o r  ref inled. 

APPROACH 

A t  t h e  MRRP f a c i l i t y ,  a w i d e  mange of unbound g ranu la r  base/subbase 
types  have been selected f o r  use  i n  both t h e  l o w  volume and 
mainl ine r i g i d  pavement ce:L:Ls. A l l  r i g i d  cell  bases and s u b b a s e s  
w i l l  be moni.tored t o  eva lua te  base/?;ubbase design performance.
Data w i l l  be c o l l e c t e d  froxu 'these cel ls  by t h e  following methods: 

1. Tes t ing  and in spec t ing  material. p rope r t i e s  arid placement 
procedures  dur ing  cell  const:ruction. 

2. Applying FWD and ride tests t o  t h e  rigid pavement. 

' 3. Surveying v i s ib l e  pavement distress. 

4 .  Conduct.ing an in spec t ion  of the base/subbase m a t e r i a l s  a f t e r  
t h e  l i f e  of a cel l  t o  inventory l o s s ,  segregat ion,  or degradat ion 
of m a t e r i a l .  

LVR-R-3 through 5,  ML5-R-5 through 7 ,  and MLlO-R-1.O throuqh 1 2  
r e p r e s e n t  va r ious  base/subbase de!signs under  d i f f e r e n t  loading
cond i t ions ,  bu t  a r e  somewhat: uniform i n  pavement d e s i g n .  These 
w i l l  be instrumented t o  t r a c k  subsurface environmental cond i t ions .  
One se t  of 6 moisture  sen:i;cirs and 6 temperature sensors  w i l l .  be 
p l a c e d  v e r t i c a l l y  6 i n c h e s  a p a r t  i n  t h e  base / subbase  of e a c h  o f  



these g cells.  Supp1ementa:l. data  from o the r  -I? inst:rumentzlt,ion 
of drainage,  pumping, and f r o s t  ac t ion  w i l l  be used as; w e l l .  

T h i s  d a t a  w i l l  be considered a h n g  w i t h  t r a f f i c  and s u ~ r f a c e  
environmental condi t ions inn t h e  ana lys i s  of hase/suhbase
performance. Inter im r e p o r t s  w i l l  be w r i t t e n  a f t e r  3 years  and 5 
years and a f i n a l  r e p o r t  i n  10 years.  

RESOURCES 


The PI must have t h e  c a p a b i l i t y  of performing complex hase/suhbase
s t r u c t u r a l  and drainage ana:lysis. About 2000 hours of work w i l l  
be required t o  complete th i (6  pr0jec:t. About 54 moisture senso r s  
and 54 temperature sensors  w i , , l l  be purchased and i n s t a l l e d  unde:r 
a MRRP con t rac t .  -
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Research Objsective #11 

Inf luence of Subgrade Type Upon Pavement Performance 

9/2 9/ 89 

David M. Johnson 


BACKGROUND 

The two components of any roadway ware b u i l t  i n  very clliLfferent: ways
but  a r e  expected t o  work h i  concert. The pavement s t r u c t u r e  is 
designed, spec i f ied ,  manufactured, and. t e s t e d  while t h e  subgrade
soil is much more random i n  mature. In  addi t ion  the  subgrade is 
farther from t h e  su r face  which makles it more d i f f i c u l t  t o  t e s t  _under i n s i t u  condi t ions and more l i k e l y  t o  be sa tura ted .  _

F i n a l l y
the  subgrade s o i l  t y p i c a l l y  has a lower s t r u c t u r a l  s t a b i l i t y  and 
is more suscep t ib l e  t o  f r o s t  act ion.  For t h e s e  reasons w e  a r e  
b e t t e r  able to p r e d i c t  t h e  s t rength  and performance of pavement 
s t r u c t u r e s  than  of subgrade s o i l s .  

On high volume roads econoniiczs d i c t a t e  a s t rong pavement 
s t r u c t u r e  t h a t  may br idge subgrade problems but  on low volume 
roads t h e  s t r u c t u r a l  stab.ill.iky of t h e  subgrade mater ia l  becomes 
more cr i t ical .  Although suhqrade c h a r a c t e r i s t i c s  w i l l  be 
considered as p a r t  of other’ MRRP object ives  (particzu:Larly #1, # 2 ,  
# 4 ,  and #14) t h e  unique problems wiith predict ing subgrade
s t r u c t u r a l  s t a b i l i t y  require an i n  depth analysis .  

PURPOSE 

The purposes of t h i s  s t u d y  a re :  

(1) t o  r e v i s e  (o r  confirm) current  design methods fox: l . o w  vo:Lume 
” 	 roads over subgrades w i t h  low s f ruc tu ra l  s t a b i l i t y  sc) b e t t e r  

pavement performance r e s u l t s  without increasing c o s t  

( 2 )  t o  more f u l l y  d e f i n e  and understand t h e  paramet.ers t h a t  
affect the structural  s tab i , l i . ty  and1 performance c h a r a c t e r i s t i c s  
of subgrade soils under high volume! roads so design models ciin be 
ver i f ied,  modified, or developed. As such t h i s  study will 
supplement and enhance o the r  MRRP s tudies .  

APPROACH 

T h i s  project: w i l l  be approached: 

(1) by comparhg t h e  response and performance of var ious l o w  
volume road designs over two l o w  s t a b i l i t y  subgrade s o i l s  (R­
values  of 5 and 1 2 ) .  Two t r a f f i c  and various envirormental 
loadings w i l l  be considered. T h i s  approach w i l l  focus on all.  
MRRP low vol.ume road cells. 
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( 2 )  by eva lua t ing  t h e  impact O f  t h e  cha rac t e r i s t i c s  arid 
v a r i a b i l i t y  of low s t a b i l i t y  s o i l s  on t.he response andl 
performance of r i g i d  eind f lex ib le  pavements under var ious 
environmental loading�;. AlIL lMRRP cells w i l l  be Itookecl a t  un(ier  
t h i s  approach. 

S i n c e  t h i s  p r o j e c t  is r e l a t e d  t o  o the r  MRRP pro jec t s  i t  w i l l  
share  instrumentat ion with these  pro jec ts .  Data r e l a t e d  t o  f ros t  
ac t ion ,  drainage,  m e c h a n i s t h  performance, and e m p i r i c a l
performance w i l l  be obtained i n  t h i s  manner. However ex tens  jl-ve 
add i t iona l  sampling and t e s t i n g  of t h e  subgrades and subgradct
mater ia l  w i l l  be requj-red f o r  t h i s  project .  A post malrtem 
ana lys i s  of t h e  subgrade will.1 a l s o  provide valuable da t a .  

RESOURCES 


The P I ( s )  must be knoor1edgeetbl.e about t h e  inf luence of subgrade
s o i l s  on the  performarice of pavement i n  a cold cl.imate. 

(1) About 1000 hours of work w i l l  be required t o  complete t h e  low 
volume road por t ion  of t h i s  study. An i n t e r i m  repor t  w i l l  be 
prepared a f t e r  one y e a r  and a f i n a l  report  w i l l  he prepared after 
3 years.  

( 2 )  About 1500 hours of work will be required t o  complete t h e  
remainder of this study. Reports w i l l  be published a f te r  3 ,  5,  
and 10  years .  
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Research Objective #12 


Improved Roadway Instrumentation Techniques 


1O/ 2 41’8 9 
Steven M. Lund 

BACKGROUND 

Instrumentation will play a key role in the success of the 
Minnesota Road Research Project. 
In the past, most pavement research has been empir.ical1ybased. 

Although this type of evaluation is valid, pavement condition or
-performance is measured without always knowing how or why

distress occurs. 


The current trend in pavement design is toward the mechanistic 

approach. These designs are based on characterizing <andmodeling

material properties and beh.aviorusing such theories as elastic 

layer and finite element analysis. 


Instrumentation will play the primary role in measuring the 

required inputs for these models. Many sensors will he insttarled 

in the pavement structure. These sensors will monj.to:r the 

pavement as it responds to the forces induced by traffic loadings

and the environment. InstrumentatAon will also help resolve the 

different views and perspectives shared by researchers from ‘the 

same technical area. 


Although the best instrumentation known will be insta:Lled at the 
MRRP, pavement instrumentation is s’tilllan evoiving t.:t?chnology.
Much still needs to be learned about the insta1latI.011and long 
term performance of pavement instrumentation. 

PURPOSE 


The primary objective of this research will be to cornciuct an 
overall eval.uationof pavement instrumentation. T h i s  includes 
sensors directly installed in the pavement structure .aswell as 
sensors and instruments useld to support:pavement research. 

This evaluation will address two key parts: 


The installation procedure(s) will be evaluate. At t:.liistime the 

exact installation specifications have not been determined;

however, when possible, any multiple installation proc:edures wi:L1. 

be compared. 


The second part of the evaluation will involve the evaluation of 
instrumentation reliability and durability. Multiple sensor:; 
will be instanled whenever possible to compare instrumentation 
readings. A l s o ,  sensors will be compared should different b r a n d  
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names of t h e  same t y p e  of sonsor  be i n s t a l l e d .  

APPROACH 

Detailed documentation during sensor i n s t a l l a t i o n  w i13. be criic:ia1 
t o  t h e  success  of t h i s  research. T h i s  documentation w i l - l -be t.he 
primary method of eval.uatinc~the  i n s t a l l a t i o n  procedure, a s  we11 
a s  assuri'ng t h e  s u c c e s s  of the o t h e r  research by proper sensor. 
loca t ion .  

Readings from redundant insl:rwnentation w i l l  be t h e  usled a s  t:he 
primary method of determining the  r e l i a b i l i t y  and d u r a b i l i t y  of 
t he  sensors.  When app l i cab le, and if piossible, a l t e r n a t i v e  rion 
destructive measurements wi1.l be used i n  t h i s  evaluat ion.  

-
A l i m i t e d  amount of in s t rummta t ion  has a l ready been i n s t a l l e d  at 
t h e  T e s t  F a c i l i t y  s i t e ! .  T h i s  includes thermocouples, thermistors 
and neutron access tuktes (mc>isture sensing) . Instrumemtatiori is 
a l s o  d i r e c t l y  used t o  produce t h e  t r a f f i c  information from the 
in-place Weigh-In Motion scales and the  environmental da ta  f r o m  
t he  Automated Weather Stat icm (AWS, i n s t a l l a t i o n  completed by . 
November 1, 1989). At: t h i s  t i m e  o t h e r  sensors being cronsidei-ed 
f o r  i n s t a l l a t i o n  a t  the MRRP include pressure eel-ls, s t r a i n  
gauges , LVDT's, accelerometers , inclinometers , tipping[ b u c k e t s  I 
crack d e t e c t o r s ,  and d i f f e r e n t  moisture sensors.  

I t  is expected t h a t  much wi: l l l  be learned about instrumentation 
during MRRP cons t ruc t ion  and shor t ly  the rea f t e r .  Therefore t:he 
primary r e p o r t  w i l l  be w r i t t e n  on year  after MRRI? cons t ruc t ion .  
Follow-up r e p o r t s  w i l l  be w r i t t e n  as inistrumenteci ce1.I.s come ou t  
of service a t  3, 5, arid 10 years. 

RESOURCES 

The p r i n c i p a l  i n v e s t i g a t o r  (PI) f o r  t h i s  study m u s t  have a s t rong  
instrumentat ion background innd some understanding of pavement
s t r u c t u r a l  performance. Since instrumentation instal1.ation :is a 
key p a r t  of t h i s  s tudy,  a PI must be iden t i f i ed  before the  
cons t ruc t ion  of MRRP begins.  Instrumentation w i l l  be instaP:'Led 
under a MRRP c o n t r a c t ,  About 1000 hou~:s of work w i l l  be requi red
during the first year  of t h e  study. After t h a t  only about 100 
hours p e r  year  w i l l  be required t o  evaluate t h e  perfoimance of 
e x i s t i n g  instrumentation. Obviously this r a t e  could  increase  i f  
new instrumentat ion is i n s t ( a 1 l e d  at. MRItP. 

Note: 	 As t h e  instrumentationL p lan  is f ina l ized ,  t h i s  work p l a n
w i l l  be updated. 
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Research 0bject:ive #13 

Inf luence  of Spec ia l  Design Variables  
Upon Rigid Pavement Performance 

10/11/89 
David M. Johnson .. . 

BACXGROUND 

AS with  any s t r u c t u r e ,  t h e  design detai ls  of r i g i d  pavement:s c:an 
be cri t ical  i n  determining t h e i r  performance. Thus, such i s s u e s  
a s  load t r a n s f e r  mechanhns,  supplemental reinforcement,
drainage,  and pavement geometry shoultd be investigat:ed. T h e s e  
i n v e s t i g a t i o n s  w i l l  r e l y  lheavily on e l e c t r o n i c  imst:rumentation 
for  c o l l e c t i o n  of pavement da ta .  T h i s  approach should l ead  t o  a 
mechanis t ic  understanding of t h e  performance of vari.ous des igns .
TWO i n v e s t i g a t i o n s  tha t  provide an exce l l en t  background i n  
pavement ins t rumenta t ion  are the FHWA's Experimental P r o j e c t  88-
621,  Pavement Ins t rumenta t ion ,  James K. Cable, Iowa State 
Unive r s i ty  and Mn/DOT's Assessment  of Pavement Response
Ins t rumenta t ion ,  David E. Newcomb, Universi ty  of Minnesota. 

PURPOSE 

Various cells wi th in  MRRP have been es tab l i shed  t o  support  the  
i n v e s t i g a t i o n  of these var ious  design d e t a i l s .  It :is hoped t h a t  
t h i s  w i l l  lead to t h e  opt imizat ion of r i g i d  pavement design
variables fo r  Minnesota roadway condi t ions.  

APPROACH 

. T h i s  objective w i l l  be accomplished by conducting 5 research  
p r o j e c t s  t h a t  address t h e  var ious  r i g i d  pavement design elements 
i nd iv idua l ly .  Each of these research  p r o j e c t s  w i l l  be assoc ia t ed  
w i t h  2 or  more MRRP cells where thle design element. in ques t ion  is  
varied. Data t o  evaluate design performance w i l l  be collected 
from these cells by the following methods: 

1. 
 Inspec t ing  materials and procedures during cell oons t rua t ion .  

2. Monitoring senso r s  i n  or under t h e  pavement. 

3. Applying tes t  equipment  t o  t h e  sur face  of t h e  pavement, i .e .  
FWD. 

4 .  S u r v e y h g  v i s i b l e  pavement distress d u r i n g  t h e  1.i.fe of a. 
ce l l .  

5. Conducting an autopsy of t h e  pavement a f t e r  t h e  l i f e  of a 
cel l .  
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T h i s  da ta  w i l l  be c o n s i d e r e d  a long  w i t h  t r a f f i c  and environmentzal 
l o a d i n g s  i n  t h e  a n a l y s i s  of d e s i g n  e l e m e n t  performance. 

Each research p r o j e c t  w i l l  have a pI-inC:Lpal i n v e s t i g a t o r  who w i l l  
be r e s p o n s i b l e  f o r  conduc t ing  t h e  r e s e a r c h  and r e p o r t i n g  on its 
r e s u l t s .  
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Research Object ive # 1 3 - ~  


Inf luence  of Spec ia l  Design Variables Upon R i g i d 

Pavement Performance Regarding Edge Drai.ns 


10/1I./ 8 9 
. .David M. Johnson 

BACKGROUND 

Water i n  r i g i d  pavement structure:;  o r  subgrade materials is 
as soc ia t ed  with a mul t i t ude  of pavement performance problems ~ 

Erosion, pumping, freeze/t.haw d e t e r i o r a t i o n  of pavement 
s t r u c t u r e s  f r o s t  heave, reduced subgrade s t r e n g t h s  and conc re t e  
d e t e r i o r a t i o n  can l e a d  t o  corner  c:raclks, panel c racks ,  j o i n t
f a i l u r e ,  and f a u l t i n g .  Mm/QOT has i n s t a l l e d  many new o r  r e t r o f i t  
edge d r a i n s  i n  r igid pavement s t ~ i c t u r e s ,although n o t  a l l  
pavement s t r u c t u r e s  are drained.  Mn/DOT has two b a s i c  edge d r a i n  
designs:  

(1) an open graded permeable base design with a course aggregat,e
i n  t h e  d r a i n  t r ench  and no g e o t e x t i l e  wrap on t h e  d r a i n  pipe.  

( 2 )  a dense graded t r a d i t i o n a l  base w i t h  a f i n e  f i l t e r  aggre!gate
i n  the t r e n c h  and a geotext i le  wrap on t h e  d r a i n  pipe.  

Rudy Ford of Mn/DOT is an exce l l en t  resource i n  t h i s  a rea .  

PURPOSE 


The primary purpose of t h i s  research  is t o  compare the i n f luence  
of Mn/DOT's two edge d r a i n  designs on r i g i d  pavement performance. 
T h i s  w i l l  l e a d  t o  t h e  establfshmenl: of guide l ines  fo? s e l e c t i n g
subsur face  dra inage  alterna.t : ives f o r  r i g i d  pavements (. 

APPROACH 


H e a v y  instrumentation w i l l  al.low complex moisture and flow . 
p a t t e r n s  t o  be described and analyzed. Mainline read cells m.,io-
R - 1 0  (open graded base wi th  d r a i n ) ,  ML:LO-R-11 (dense graded hase 
with  no d r a i n ) ,  and MLlO-R-12 (dense graded base wl.th d r a i n )  w i l . 1  
be t h e  primary focus  of t h i s  research  pro jec t .  These 3 cells a r e  
t h e  same except  f o r  base ma te r i a l ,  edge d ra in  design,  and pariel
length .  Mainline cells ML5-R-6 (dense graded base wit:h no d r a i n )
and ML5-R-7 (open graded base w i t h  draitn) w i l l  be the  secondary 
focus of t h i s  research p r o j e c t .  Except: fo r  base ma te r i a l ,  edge
d r a i n  des ign ,  and panel  length  these 2 c e l l s  a r e  t h e  same. 
Although there are b a s i c  design d i f fe rences  between the 5 year  
and 10 yea r  mainl ine designs,  some comparison may be poss ib l e .
Two c o n t r a c t i o n  j o i n t s  i n  each of t h e  5 c e l l s  w i l l  be 
instrumented as  shown i n  t h e  INSTRUMENTATION DIAGRAM klelow. 
Instrumented t i p p i n g  buckets w i l l  be i n s t a l l e d  a t  edge d r a i n  
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o u t l e t s  t o  con t inuous ly  measure outf low r a t e s .  R i d e  l e v e l s ,  
f a u l t i n g ,  and j o i n t  e f f i i c i ency  r a t i n g s  using t h e  FWD w . i l l  be 
e s t a b l i s h e d  throughout  t h e  lyife of t h e s e  cells. At; t h e  end of 
t h e  l i f e  of t h e s e  c e l l s ;  an  ai.xtopsy w i l l  be performed in t h e  a r e a  
of t h e  ins t rumented  j o j - n t s  t o  determine t h e  condi , t ion of t h e  
pavement s t r u c t u r e  and subgrade mate,rialts. 

. .  

T h e  p r i n c i p a l  i n v e s t i g a t o r  (II?I) is unknown a t  t h i s  t i m e .  A n  
i n t e r i m  r e p o r t  ana lyz ing  t h e  performance of edge d r a i n s  w i l l  be 
w r i t t e n  a t  t h e  end of  t h e  l i f e  of th .e  5 year  mainl ine.  A f t e r  :Lo 
y e a r s  a f i n a l  r e p o r t  w i l l  be w r i t t e n .  

INSTlliUMENTATION DIAGRAM 

CONTRACTION 
JOINT 

I 
I
V 


SHOULDER JOINT ._.- M-
M:r M !  

' P  M 

CENTERLINE JOINT 
M: --Mi. I M---.---------M 

P U N  
VIEW 

I 

M. I T
P I MSHOULDER JOINT .-,- I - M 
M 

RIGID PAVEMENT 

BASE MATERIAL 
,TPl-M i 

[I M - T - M NOTE: MOISTURE 
If[ M M  Mi SENSORS PIACED 

1 INCH FROM 
SUBGRADE MATERIAL MATERIAL 

A INTERFACES 
I ! 
iI M I D  PANEL II 

M = mois tu re  s e n s o r  ( 2 4  p e r  j o i n t )  
P = w a t e r  p r e s s u r e  gauge ( 2  p e r  j o i n t )  
T = t empera tu re  s e n s o r  ( 6  p e r  j o i n t )  
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RESOURCES 


The P I  must have t h e  c a p a b i l i t y  of performing compl-ex subsu r face  
d ra inage  a n a l y s i s .  About 1500 hours  of work w i l l  he requi re13  t o  
complete t h i s  p r o j e c t .  About 2 4 0  moistlure senso r s ,  60 
temperature  senso r s ,  2 0 p re s su re  gauges, and 1 0  t i p p h g  buckets  
w i l l  be purchased and i n s t a l . l e d  under a MRRP contract::,. The  
funding f o r  t h e  P I  is unknown a t  t h i s  t i m e .  



Research 0bjecti.ve $13-B 

Inf  1.uence of Spec ia l  Desi.gn Variables Upon 
R i g i d  Pavement Performance Regarding Contraction ( Jo in t s  

:1O / l l /  89
David M. Johnson . .  

BACKGROUND 

Under ideal  condi t ions  con t r ac t ion  j o i n t s  are des:igned t o  
* 	 . t r a n s f e r  a l l  of the  v e r t i c a l  loadings ( traffic) arid none of t h e  

l o n g i t u d i n a l  ( temperature) loadings between r ig id  pavement sl&s. 
Unfortunately Minnesota roadway condi t ions are f a r  from i d e a l  and. 
as a r e s u l t  t he  performance 7:) f  contractj.on j o i n t s  diminish w i t 3 1  
t i m e .  Construct ion condi t ions ,  maintenance opera*tions,, weathfir,
and real-world t ra f f ic  a l l  c o n t r i b u t e  to the d e t e r i o r a t i o n  a:nd 
p o s s i b l e  f a i l u r e  of these j o h t s .  The most press ing  performa:nce
i s s u e  is how t o  es tabl ish and maintain good v e r t i c a l  load  
t r a n s f e r  s o  pumping and fault;i,mg a t  cont:raction j o i n t s  are 
minimized. Two b a s i c  designs :rely -on dowel bars or aggregate
i n t e r l o c k  t o  accomplish ve r t : i ca l  1oa.d t r ans fe r .  
Temperature D i f f e r e n t i a l  E f f e c t  on t h e  Fa l l ing  Weight 
Deflectometer Deflect ions U s e d  f o r  S t r u c t u r a l  Evaluation of R i g i d
Pavements by Gustavo E ,, Mora::Les-Vale.ntin from the University of 
Texas a t  Aust in  and J o i n t  Shear Transfer  E f fec t s  on Pavement 
Behavior by T. Krautharnmer of the  Universi ty  of Minnesota provide 
more background. 

PURPOSE 

The primary purpose of t h i s  research is t o  i d e n t i f y  optimum
c o n t r a c t i o n  j o i n t  design parameters under i n s i t u  Minnesota 
roadway condi t ions .  Mm/DOT design s tandards w i l l  be modified if 
t hey  do n o t  reflect t h e  optimum parametlers confirmed by t h i s  
research project. A secondary purpose (of t h i s  research is t o  
develop a method f o r  non-destructive testing of de t e r io ra t ed  
c o n t r a c t i o n  j o i n t s  t h a t  w i l l .  s u f f i c i e n t l y  cha rac t e r i ze  t h e i r  
cond i t ion  so appropr i a t e  r e p a i r  act:lons can be recommended. 

APPROACH 

L o w  volume road cells LVR-R-3 (1 inch dowels) and LVFC-R-4 (no
dowels) as  w e l l  as  tern year  mainline c e l l s  ML10-13-11 ( 1 . 2 5  inch 
dowels) and ML10-R-13 (1.5 h c h  dowels) w i l l  be t h e  f:ocus of t h i s  
r e sea rch  p r o j e c t  . Two outsj.de l ane  contract ion :joints; i n  each of 
t he  4 cells w i l l  be instrumented as  shown i n  t h e  INSTFLUMENTATION 
DIAGRAM below. Radar will be used t o  ve r i fy  t h e  c o r r e c t  
placement of dowels  d u r i n g  construct ion.  R i d e  l e v e l s  and j o i n t  
e f f i c i e n c y  r a t i n g s  using t h e  FWD w i l l  he es tab l i shed  t:hroughout
the life of these  cells. Al: the end of t h e  life of these ceL1.s 
a n  a u t o p s y  will be peirformeti on t h e  i n s t r u m e n t e d  j o i n t s  t o  
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de te rmine  t h e i r  c o n d i t i o n .  

c o n t r a c t i o n  j o i n t s  i n  t h e  widened pav'ement area ( 5  y e a r  m a i n l i n e )
w i l l  be moni tored  v i s u a l l y  d u r i n g  t h e i r  l i f e  and a t  t h e  t i m e  of 
t h e i r  a u t o p s y  f o r  a d d i t i o n a l  s u p p o r t i v e  informati .on.  

The p r i n c i p a l .  i n v e s t i g a t o r  ( P I )  is; unknown a t  t h i s  t i m e .  An 
i n t e r i m  r e p o r t  a n a l y z i n g  t h e  performance of contract:  ion j o i n t s
w i l l  be w r i t t e n  a t  t h e  end of t he  l i f e  of t h e  low vo:Lume r o a d  
cel ls .  After 10 years a f h a l  r e p o r t  w i l l  be w r i t t e n .  

INSTRUMENTATION D I A G W  

PLAN 
MID PANEL---> VIEW 

i i 
I PROFILEI 

V I E W  

i L i 

----------_ == dowel bar 
L = l o n g i t u d i n a l  d i s p l a c e m e n t  s e n s o r  ( 2  p e r  j o i n t )  

P = pressure gauge ( 4  p e r  j o i n t )  

S = s t r a i n - g a u g e  (11 p e r  j o i n t )  

T = temperature sensor  (4 per j o i n t )  

V = vertical  displacement sensor (4  per j o i n t )  


RESOURCES 

The P I  must  have t h e  c a p a b i l i t y  of per forming  complex s t r u c t u r a l  
a n a l y s i s  o f  r i g i d  pavement w i t h  and wi thout  dowels.  About 2Ooo 
h o u r s  of work w i l l  be reqmir-ecl t o  complete t h i s  p r o j e c t .  About 
88 s t r a i n  gauges ,  3 2  t e m p e r a t u r e  Sensors, 3 2  p r e s s u r e  gauges ,  3 2  
v e r t i c a l  d i s p l a c e m e n t  s e n s o r s  I and 16 l o n g i t u d i n a l  d i s p l a c e m e n t  
s e n s o r s  w i l l  be pu rchased  and i n s t a l l e d  u n d e r  a MIZRP c o n t r a c t .  
The f u n d i n g  for  t h e  P I  is unknown a t  t h i s  t i m e .  
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Research Object ive #13-C 


Inf luence  of Spec ia l  Design Var iab les  Upon

Rigid Pavement Performance Regarding Paving Width 


1.O/ 11/ (3 9 
David M. Johnson 

BACKGROUND 

Curren t  Mn/DOT p r a c t i c e  l i m i t s  t h e  width of r igid paving t o  3 0  
feet  wi thout  supplemental reinforcement o r  36 feet. w i t h  
supplemental  reinforcement steel .  Pavements of greater w i d t h  
must be cons t ruc t ed  w i t h  a .:Longitudinal. L3 b u t t  : joint , ,  T h i s  t.ype
of c o n s t r u c t i o n  o f t e n  r e s u l t s  i n  separaition and f a u l t i n g  a t  ll:he 
b u t t  j o i n t .  The r ig id  pavement committ.ee feels t h a t  because of 
t o d a y ' s  i nc reas ing  t r a f f i c  .:Loadings and with proper  pavement
des ign ,  3 l a n e s  t i e d  toge the r  w i t h  widened edges are 
c o n s t r u c t i b l e  and w i l l .  perform better. A t  t h i s  time no 
l i t e r a t u r e  search has been conducted tci i d e n t i f y  o t h e r  research  
on t h i s  problem. Mn/IlOT Inves t iga t ion  209 r e p o r t s  describe l:he 
performance of widened l a n e  edges. 

PURPOSE 

The purpose of t h i s  researclh is t o  e i t h i e r  confirm o r  modify 1:h .e 
c u r r e n t  Mn/DOT p r a c t i c e s  t h a t  restrict r igid paving witdths t o  36  
feet wi thout  b u t t  j o i n t s .  This  w i l l  be! done by comparing t h e  
performance of a 4 0  foot widened edge dlesign pavement without  
b u t t  j o i n t s  t o  a s tandard  27  f o o t  widened edge design., If 4 0  
foot  wide t i ed  paving does not show d e t e r i o r a t i o n  due t o  stresS 
t h e n  it should be adopted a!; a s tandard  design practic:e t h a t  
e l i -mina tes  l o n g i t u d i n a l  butk 3 o i n t s  and a s soc ia t ed  sepa ra t ion  and 
f a u l t i n g  . 

APPROACH 

The work associated w . i t h  th:k r e sea rch  p r o j e c t  w:L11 be carried 
out at these 3 r ig id  pavement cells i n  t h e  5 year desjign area of 
t h e  MRRP mainline: MX15-R-7, ML5-R-8, and ML5-R-9. ML5-R-7 .Ls 
t h e  c o n t r o l  for  t h i s  s tudy  having a s tandard 27 Eoot wide 
pavement w i t h  bituminous shoulders.  ML5-R-8 is d ceY1L w i t h  4 0  
f o o t  w i d e  r i g i d  paving. S t a r t i n g  from t h e  o u t s i d e  t h e  ML5-R-8 
cross s e c t i o n  w i l l  be a bituminous shoulder,  a 14 fool: r i g i d
widened l a n e ,  a 12 f o o t  r i g i d  l ane ,  and a 14 f o o t  riqfid widened 
l a n e  (NOT open t o  t r a f f i c ) .  NOTE: The non- t r a f f i c  l a n e  allows 
t r a f f i c  and environmental loadings t o  he evaluated s e p a r a t e l y .  
T i e d  l o n g i t u d i n a l  j o i n t s  will be constructed between :Lanes. 
Panels  i n  ML5-R-8 w i l l  i n c l u d e  supplemental re inforc . ing steel  i n  
t h e  c e n t e r  lane .  ML5-R-9 w i l l  be similtar t o  ML5-K-8 except it: 
w i l l  have NO supplemental r e in fo rc ing  s tee l .  Base des ign ,  p3riel 
l e n g t h s ,  and dowels a r e  t h e  same f a r  these 3 cells. 
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Adjacent pane ls  i n  each of t h e  3 clells  w i l l  be  constructed with 
exrhedded s t r a i n  gauges a t  the t o p  and bottom of t h e  panel  a t  
these loca t ions :  

X xi 
iX x, It4 fleet ( t h i s  lane d o e s  NOT 
I e x i s t  on ML5-R-7) 

X X 	 I 1.2 feetI (13 f e e t  on ML5-N-7]) 

X II 14 feet 

Each instrumented panel  w i l l  a l s o  conta in  a t  least  one! set of' 
temperature  senso r s  a t  t h e  t op  and bottom of t h e  panel.  S t r a i n s  
w i l l  be measured under var ious  loading and temperature cond i t ions  
i n  order t o  develop a s t r a i n  profil le.  T h i s  p r o f i l e  w i l l  be used 
t o  p r e d i c t  pavement performance. Actual pavement performance
w i l l  be measured p e r i o d i c a l l y  with v i s u a l  su r f ace  d i s t r e s s  
surveys,  r i d e  measurements, and d e f l e c t i o n  and j o i n t  e f f i c i e n c y  
surveys  us ing  a n  FWD. An interim r e p o r t  w i l l  be w r i t t e n  after 2 
years .  A f t e r  5 years  a pavement autopsy w i l l  be conducted t o  
d e t e c t  subsur face  pavement distress and the  f i n a l  r e p o r t  w i l l  be b 
w r i t t e n .  -

The. conc re t e  engineer  w i l l  be responsible  f o r  designing t h e  
placement of supplemental  reinforcement s tee l  i n  cel l  .ML5-R-8 
before 11/1/89. The p r i n c i p a l  inves t ig ia tor  ( P I )  is unknown a t  
t h i s  t i m e .  The MRRP manager w i l l  be responsible  f o r  p~eriodic,aPly
col lect ing s t r a i n  and temperature data from instruments.  The PI 
w i l l  be  r e spons ib l e  fo r  request ing real-time data co l l ec t ion  and 
j o i n t  efficiency surveys.  The PI d i l l  conduct annual and f i n a l  
distress surveys.  

RESOURCES 


The P I  must have t h e  capabi1it.y of performing complex s t r u c t u r a l  
a n a l y s i s  of r i g id  pavement. About 1.000 hours of work w i l l  be 
r equ i r ed  t o  complete t h i s  project.  About 96 s t r a i n  gauges and 1 6  
temperature  gauges w i l l  be purchased and i n s t a l l e d  under a MXUIP 
c o n t r a c t .  T h e  funding f o r  t h e  P I  is; unknown a t  t h i s  t h e .  
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Research ot:,jective #13-D 

Inf luence  of Special. Design Variables Upon
Pavement Pe r f  ormancie Regarding Jo in t  Spacing 

1.0/’11/8
9 
David M. Johnson 

BACKGROUND 

R i g i d  pavement r e i n f o r c i n g  steel is expensive .and can corrode . 
causing pavement, distress. Tlliis corrosion is acce le ra t ed  i n  a1 
pavement where a l o t  of de i c ing  s a l t  is used. One a l t e r n a t i v e  is 
t o  use  a non-reinforced r ig id  pavement design, but t h e n  a shorter 
j o i n t  spac ing  is requ i r ed  which r a i s e s  costs .  What design
f a c t o r s  dictate  the  opt:imum j(Dint spacing of a non-reinforced 
r ig id  pavement i n  a co ld  regions envi.ronIuent? How are cost and 
performance balanced? ’ 

PURPOSE 

The purpose of t h i s  research  is t o  compaire the  performance of 
va r ious  l e n g t h  s l a b s  of non-rleinforced r.igid pavement having
d i f f e r e n t  des igns  and t r a f f i c  loadings in a co ld  reg ions
environment. If t h e  optimum j a i n t  spacing cons idera t ions  
determined by r e sea rch  is d i f f e r e n t  than e x i s t i n g  design
s t anda rds ,  Mn/DOT s tandards  w i l l  be modified o r  expanded. 

, .  

APPROACH 

Non-reinforced pavement s l a b  lengths  of 12, 15, 20, and 24 feet 
e x i s t  a t  MRRP. One of t h e  rigi.d cells has a 1 2  f o o t  panel
length ,  -f ive have 15 f o o t  l eng ths ,  seven have 20 Toot l engths , ,
and one h a s  a 24 f o o t  length.  Obviously there is an abundance of 
cells wi th  15 foot and 20 focit panel lengths. Because MRRP 

contains many pavement :and -basc? design parameters.a t  

values many‘:celld ~ med &o*kbe monitored for this:rese 

Howeve2, isomef&xd,ls are!fsa?mni’tpe sin .design’thati:$heix+ana~ys:is 8 :  I; 


can only confound -the results of this research project:ibThe E X :  1 - k  : 

following cells are of a unique design, have a‘pariel length o� 15 

or 20 feet ,  \:anti:thus -wi.l l-rNOT be part’of t h i s  research:)-“-r.-1”. - L  


1 
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., 

MRRP CELL UNIQUE D E S I G N  
LENGTH 

P A N E L  


------_------ ---.--.--. 
-----LVR-R-7 Trapezoitlal Cross Section 
15 fee t  
ML5-R-8 4 0  Foot Width W.ith Supplemental Steel 2 0 
feet  . . -

ML5-R-9 
feet  

40  Foot Width W.ith N o  Supplemental Steel. 2 0 

2! 0MLlO -R-13 1.5 Inch Dowel.. Bar 
feet  

Two panels  i n  each of..the. ;LO r ema inhg  rigid cells w i l l  be 
instrumented as  follows: 

.-
INSTRUMENTATION DIAGRAM 

ST PLAN VIEW 

S = s t r a i n  gauge (lo~per  panel)
-T= temp'erature sensor  ,112per panel) 

.. 1 

Visua l .and-s i d e  surveys :will.:.be done..pei:iodically on the;t en -<;,-, 

..' rigifl.:cells.in .  th i s : .kesearch .project;:;:.; ,At- the end of -tnheT:-life::,o 
... an 5ns$tnmented:.panel? .it+w&EL rbe Le :ed ;to look .for.: 
, I  signs.sf: nj:,<:? .,. ... ..rdi'stre:ss.;.! ~ ~ J Y S S . ~ ~ ~ ;  . . .  . I . ! .  :: 

. ..,... ...'. ..2f  :;<: : {SKzG: : .L<.j.ji;,;:-. :3.,,$;a-..l , f ,4 '@ : ;:<a::: . ' .. . .  ._ . .--?*J 1:. 
The p r i n ~ i p a l . : - i . n v e s t i g ~ t o r ~ ~ ~ l ~ ~ ~ - ~-isamlcnown at t h i s  t i m e .  
r e p o r t s  t h a t  analyze and compare t h e  performance of d i f f e r e n t  
panel l eng ths  w i l l  be w r i t t e n  a t  t h e  end of t h e  l i f e  of t h e  low 
volume road cells  and t h e  end of t h e  l i f e  of t he  5 year mainline 
cells. A f i n a l  r e p o r t  w i l l  1x2 w r i t t e n  a l t  t h e  end of t.he l i f e  of 
t h e  1 0  y e a r  mainline cells. 

RESOURCES 

The P I  must have t h e  capabi:l:i.ty of perfalrming complex s t r u c t u r a l  
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a n a l y s i s  of r i g i d  pavement. About 2000 hour s  Of  work I d i l l  be 
required t o  complete  this p r o j e c t .  About 200 s t r a i n  gauges and 
4 0  t e m p e r a t u r e  s e n s o r s  w i l l  be purch.aseci and i n s t a l l e d  under  a 
MRRP c o n t r a c t .  The funding  :�or t h e  P I  is unknown a t  ' t:his t i m e .  
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Research Ob] e c t i v e  # 13-E 

Influence of Special  Design Variables Upon Rigid 
pavement Performance Regarding Trapezoidal Cross Sec t ions  

l o /  i n / 8  9 
David M. Johnson 

BACKGROUND 

The Minnesota Highway Department used t o  b u i l d  r igid t r a f f i c  
l anes  w i t h  t rapezoida l  crcm; sect.ions. However, t h i s  standard 
w a s  abandoned i n  the 1950's., In  11988 t h e  f i n a l  r epor t  from 
M ~ / D O T  Inves t iga t ion  209 recommended t h a t  r igid pavements be 
paved wider than  the  12 foot  t r a f f i c  lanes t o  reduce t h e  higher 
pavement de f l ec t ions  a t  t h e  ou ts ide  edge of traffic lanes .  The 
old t r apezo ida l  c ros s  sec t ion  design for  traffic lanes seems t o  
offer another  method of reducing de f l ec t ions  a t  lane edges. 

PURPOSE 

The purpose of t h i s  research is t o  determine i f  a triilpezoid;ill 
c ros s  s e c t i o n  is an e f f i c i e n t  and e f f ec t ive  design option to 
reduce maximum de f l ec t ions  i n  r ig id  low volume t r a f f i c  lanes  and 
thus  extend their performance l i f e .  If t h i s  is what: is 
determined by research,  low volume t r a f f i c  design s tandards w i l l  
be modified or expanded. 

APPROACH 

Low volune road r i g i d  pavement cel ls  LVR-R-5 (6  inches  thick:) and 
LVR-R-7 (7 inches t h i c k  a t  the outs ide edges and 5 i n c l i e s  t h i c k  
a t  c e n t e r l i n e )  w i l l  be t h e  focus of t h i s  research pro jec t .  Three 
panels  i n  each of t h e  cel ls  w i l l  be instrumented as shown i n  t h e  
INSTRUMENTATION DIAGRAM bel-ow . Actual constructed thicknesses 
of instrumented panels  w i l l .  be v e r i f i e d  by non-destructive 
methods. If t h i s  is n o t  feasible thickness  v e r i f i c a t i o n  w i l l  be 
done by cor ing  adjacent panels. Pe r iod ic  -FWD t e s t h g  w i l l  be 
done to determine def lec t ions .  A11 panels i n  t h e s e  2 cells wilX 
be surveyed for ride as w e l l  as v i sua l ly  f o r  signs o f  distress. 
A t  t h e  end of t h e  l i fe  of these ceKls an autopsy w:LlX be 
performed on the instrumented panels t o  look f o r  stress r e l a t e d  
d e t e r i o r a t i o n .  

The p r i n c i p a l  i nves t iga to r  (PI) is unknown a t  t h i s  t h e .  A f i n a l  
r e p o r t  analyzing and comparing t h e  performance of t h e  t w o  cel ls  
w i l l  be w r i t t e n  a t  t h e  end of t h e  l i f e  of t h e  l o w  vo:Lume road 
cells. 
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INSTRUMENTATION DIAGRAM 


PLAN VIEW . .. 

S = s t r a i n  gauge (10 per  panel) 

T = temperature sensor  i(2 per  panel) 


RESOURCES 


The P I  must have t h e  capabil . i ty of performing complex s t r u c t u r a l  
ana lys i s  of r ig id  pavement. About 500 Inours of work w i l l  be 
required to 'complete t h i s  project .  About 60 s t r a i n  gauges arid 12 
temperature sensors  wCL1 be purchased and i n s t a l l e d  under a PLRRP 

- -.contract .  The funding f o r  t l h e  PI is; wknown-at t h i s  t i m e .  
-. 

i . 
 ! :.; I , .:-
. . A , . - . - . 
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Research obj e c t i v e  # 13-F 

Inf luence of Spec ia l  Design Variables Upon Rigid
Pavement Performance Regarding Cement Type arid Content 

1O / l l / E 1 9  
Hax:r. is  B. Baker 

BACKGROUND 

The t w o  turnaround loops on t:he Low Volume Roadway a't: t h e  MNROAD 

f a c i l i t y  w e r e  mot o r i g i n a l l y  planned t o  contain t es t  sec t ions .  

They w e r e  designed w i t h  twelve-inch--thick re inforced  E'CC pavement 

t o  minimize t h e  need fo r  r e p a i r .  11: was r ecen t ly  decided t h a t  

tes t  s e c t i o n s  may be incorporated i n  t h e  loops a s  l o n g - a s  t h e  

s t r e n g t h  of t h e  pavement is no t  reduced. This  research objec:tive 

w i l l  u s e  one of t h e  loops. Al. terat ions t o  t h e  PCC pavement a s  a 

r e s u l t  of t h i s  r e sea rch  ob jec t ive  should only serve t o  s t rengthen  

t h e  PCC pavement. 


MN/DOT u s e s  high-early s t r e n g t h  conc:rete i n  PCC pavements where 

t h e  roadway must be opened f o r  t r a f f i c  as quickly a:; poss ib le .  

The Department s normal procedure far making high-ear:ly s t r e n g t h  

concre te  is t o  inc rease  t h e  cement c:ontent of t h e  s tandard mix by 

3 0%. The added cement increlases  the! cement-void r a t i o ,  

cohesiveness,  p l a s t i c i t y ,  and s t r e n g t h ,  and r e s u l t s  i n  t h e  mix 

a t t a i n i n g  suf  f i .c ient  compressive s t r eng th  with less cure t i m e .  

The decreased workabi l i ty  caused, by t h e  addi t iona l  c:ement is 

p a r t i a l l y  compensated for  .by .increasing the#-watercontent ,  which 

should not be increased  more than  5%, as explained i n  s e c t i o n  

694.214 of the Mn/DOT Concrete Manual. The workabi3.ity of high- I

e a r l y  s t r e n g t h  concre te  decreases r ap id ly  i f  it is not: placed 

soon a f te r  being mixed. Const'ruction delays during pl-acement

sometimes r e s u l t s ' i n  concre te  being placed with a very low slump

value ,  which makes it d i f  f i e u l t  t o  achieve s u f f i c i e n t  

conso l ida t ion  and a smooth f .hished surface.  


i 

PURPOSE ! 
I 

The purpose of t h i s  research  abjectkve is t o  rneasure.t:.he 

differences between Type I 3PL21, Type I3A21 HE, and Type I11 j 

3A21 as r e l a t e d  t o  c o n s t r u c t i b i l i t y ,  performance, and roughness

of t h e  f i n i s h e d  pavement. 


APPROACH 

Both loops w i l l  conta in  1850' of 12" re inforced  concre te  
pavement. O n e  .loopw i l l  be I.sng enough f o r  3 t e s t  s ec t ions ,  each 
over 600 '  long.
Samples w i l l  be taken of t h e  mixes f o r  modulus of rupture  and 
compressive s t r e n g t h  tests. O t h e r  comparisons w i l l  be made by 
means of t h e  p ro f i lome te r ,  v i sua l  s u r v e y s ,  and cores. 

G O  



T r a f f i c  da t a  w i l l  be i.ncludti?d in t h e  analysis .  

A n  i n t e r im  r e p o r t  w i l l .  be w r i t t e n  w i t h i n  a year  of cons t ruc t ion  
and a f i n a l  r e p o r t  when s i g n i f i c a n t  distress occurs. 

RESOURCES 


The p r i n c i p a l  i n v e s t i g a t o r  b k l l  be performing analyses  of t h e  
test r e s u l t s ,  cores ,  and v i s u a l .  surveys8, which, along with r e p o r t
wr i t ing ,  w i l l  t a k e  an estimated ,300'hours. 

-
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Research Objective #13-G 


Influence of Special  Design Variables Upon

R i g i d  Pavement Per f  Omance 'Regarding Aggregate Class 


1o/ 11,/89 

Harris B. Baker 


BACKGROUND 

The t w o  turnaround loops on t h e  Low Volume Roadway at: t h e  ~ I R O A D  
f a c i l i t y  w e r e  no t  o r i g i n a l l y  planned t o  contain testa sec t ions .  
They w e r e  designed with twelve-inch-thick reinforced PCC pavement 
t o  minimize the  need f o r  repa i r .  It  was recent ly  decided t h a t  
test s e c t i o n s  may be incorporated i n  t h e  loops as long as the 
s t r e n g t h  of the pavement is not reduceld. T h i s  research objec t ive
w i l l  use one of the ' loops .  Al te ra t ions  t o  t h e  PCC pavement a s  a 
r e s u l t  of t h i s  research object ive should not decrease t h e  
s t r e n g t h  of the PCC pavement. 

Aggregates used i n  concrete mixtures a re  c l a s s i f i e d  A through E.  
Class A is quarr ied granite,  t r a p  rock, o r  qua r t z i t e .  Class a is 
a l l  o t h e r  quarr ied rock. Class E .is a mixture of two or  more o �  
t he  o t h e r  classes. Symptoms of D Cracking have recent ly  been 
observed i n  some PCC pavement mixtures containing Class A 
aggregate and i n  o the r s  with Class E ,  which i n  t h i s  case  is a 
mixture of Class A 3/4"+ arid Class B 3,/4"-.  

PURPOSE 

The purpose of t h i s  research objec t ive  is t o  evaluate  t h e  
performhnce of PCC pavement mixtures  wi th  different: percentages 
of C l a s s  A and Class B aggregate. / '  

APPROACH 

Both loops w i l l  conta in  1850' of 12" reinforced concrete  
pavement. 0n.e loop will be long enough f o r  3 test sec t ions ,  each 
over 600' long. The PCC mix in one tes t  sec t ion  wi.12. contain a l l  
Class A aggregate. Another section, wil.1 use 50% Cl.asa A 3/4Itt8 
and 50% Class B 3/4"-. The other  sec t ion  w i l l  have 35% Class A 
3/4"+ and 65% Class  B 3/4"-.  A l l  t h r e e  sec t ions  w i l l  use Type I 
3 A 2 1  cement. 

Comparisons w i l l  be made using v isua l  surveys and cores .  

T r a f f i c  da t a  w i l l  be included i n  t h e  a n a l y s i s .  

N o  ins t rumentat ion w i l l  be . instal led i n  t h e  t e s t  sect;i.ons. 

An i n t e r i m  r epor t  w i l l  be wri t ten w i t h i n  a year of c a n s t r u c t j . o n  
and  a f i n a l  r epor t  when significant distress occurs. 
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RESOURCES 


The principal investigator $ W i l l  be performing analyses of the 
cores and visual surveys, whi.ch,  along with report.writing, w i l l  
take an estimated 300 hours. 

.. 
:.,, . . !  .: ' . .  ! . - ,  -

' .  
.. .. 
i. 
,.:. . ' ,; f .  .,~ I".., '. ..( ' 
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Research  0b:jective #14 

I n f l u e n c e  o f  Pavement Var iab i l i ty  Upon
R e l i a b i l i t y  Based Pavement Performance Modlels 

9/25 /  89 

David M. Johnson 


BACKGROUND 

One of t he  major changes i n  t h e  1!386 AASHTO Pavement Design Guide  
was the  in t roduct ion  of a r e l i a b i l i t y  based ana lys i s  procedure.
The design l e v e l  of r e l i a b i l i t y  selected by the  Engineer is 
probably t h e  most s i g n i f  k a n t  f a c t o r  influencing t h e  design and 
hence performance of any roadway s t ruc ture .  Design r e l i a b i l i t y
is important because it r e f l e c t s  the co l l ec t ive  v a r . h b i l i t y  of 
a l l  pavement design parameters influencing performance. 

PURPOSE 

The  purpose of t h i s  s tudy is t o  determine t h e  effect: of t h e  
v a r i a t i o n  of each pavement design parameter on the  r e l i a b i l i t y  of 
pavement performance. It is hoped t h a t  more control. over some 
appropr ia te  pavement varialbles w i l l  y ie ld  more' p redkkab le  
pavement performance and perhaps less control  over o the r s  w i l l  
no t  s i g n i f i c a n t l y  reduce p red ic t ab i l i t y .  

APPROACH 

A t  t h e  MRRP f a c i l i t y ,  a welt1 planned t e s t i n g  and sampling program
is envisioned f o r  each pavement cell .  Because of t h i s ,  t h e  
d i s t r i b u t i o n  (mean and vaslance) oE pavement va r i ab le s  w i l l  be 
ava i l ab le .  Also, pavement loadings and performance w i l l  be known . 
prec i se ly .  T h i s  p re sen t s  eiri i dea l  opportunity t o  c o r r e l a t e  t h e  
v a r i a b i l i t y  i n  pavement design parameters t o  the v a r i a b i l i t y  i n  
pavement performance. F lex ib le  pavements, r igid pavements, and 
aggregate  su r faces  w i l l  .undergo t h i s  s t a t i s t i c a l  sc:rw.tiny. . 

For f lexible  pavements the following pavement desigh variabl(es
inf luence  pavement performa.nce in the  iqASHT0 model:: 

E f f e c t i v e  roadbed s o i l  r e s i l i e n t  modulus 

S t r u c t u r a l  l a y e r  c o e f f i c i e n t s  

S t r u c t u r a l  l a y e r  thicknesses 

Drainage c o e f f i c i e n t s  f a r  base and subbase l aye r s  
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F o r  non-reinforced j o i n t e d  ]r igid pavements t h e  fol.lowJLng pav,,..ment
des ign  v a r i a b l e s  in f luence  Pavement performance .in t h e  AASHTI~  
model : 

Ef f tzctive modulus of subgrade r e a c t i o n  

Concrete e las t ic  modulus 

Modulus of r u p t u r e  of concre te  

Drainage c o e f f i c i e n t  

Load t r a n s f e r  c o e f f i c i e n t  

Thickness of pavement ::Layers 


For aggregate surface!; t h e  following de!s,gn v a r d i b l e s  i n f  lueiice 
performance i n  the AAZSHTO model: 

Length of t h e  seasons 

Seasonal  r e s i l i e n t  moduli of t h e  roadbed soil. 

E l a s t i c  moduli  o f  aggregate base and subbase l a y e r s  


The performance of t h e  f l e x i b l e  and r i g i d  pavements is measured 
i n  terms of s e r v i c e a b . i l i t y .  The performance of aggrega te
s u r f a c e s  is measured .in t e rm of servic:eabi l i ty ,  s u r f a c e  r u t t i n g ,
and s u r f a c e  aggregate loss .  

The p r i n c i p a l  i n v e s t i g a t o r  1must: 

1. Select t h e  MRRP cells t h a t  conform t o  the  AASHTO des ign
guide. 

2. Document t h e  AASRTO design parameters for each o f  these 
cells. 

3 .  E s t a b l i s h  a- t e s t i n g  program-to determine the  mean and 
v a r i a n c e  of des ign  parameters;. Most oE t h i s  t e s t i n g  w i l l  be done 
a t  t h e  t i m e  of cons t ruc t ion ,  however v a r i a b l e s  such as dra inage
and seasonal effects w i l l  be  measured p e r i o d i c a l l y  and other 
variables such as loss of support  w i l l  be measured a t  the end  of 
the l i fe  of the  cells. 

4. E s t a b l i s h  a tes t ing prcigr:am t o  document t h e  performance of 
the s e l e c t e d  cells. 

5. Perform the  a n a l y s i s  necessary t o  determine t h e  effect c f  t h e  
v a r i a t i o n  of each pavement design parameter on t h e  r e l i a b i l i t y  of 
pavement. performance . 
6.  W r i t - e  i n t e r i m  r e p o r t s  a t  t h e  end of cell  cons t ruc t ion ,  t h e  
end of t h e  low volume road test, and t h e  end of t h e  l i f e  of t h e  5 
yea r  main l ine  cells. A f i n a l  r epor t  w i l l  be wri-t ten a t  t h e  end  
of t h e  l i f e  of t he  10 year  m a i n l i n e  c e l l s .  
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RESOURCES 


The P I  must understand t h e  pavement design process and must have 
t h e  capability of performj.rig complex s t a t i s t i c a l  ana lys i s .  About 
3000 hours sf work will be required t o  complete t h i s  project. 
The ex tens ive  amount of inspect ion,  Sampling, and t e s t i n g
required t o  accomplish t h i s  ob jec t ive  w i l l  be done as p a r t  of ;in 
o v e r a l l  MRRP e f f o r t  as will t h e  per iod measurements of pavement
perfomahce.  N o  add i t iona l  sensors  will be required for t h i s  
study. 
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