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IN T R O D U C T IO N
T he In d iana  State Highway Com mission has long realized the 

benefits and  cost effectiveness of research. T o  fulfill this realization  the 
R esearch and  T ra in in g  C enter was conceived in 1966 to assist the com ­
mission in areas of research and  tra in ing . Since its incep tion  the center 
was targeted  to be a prim e m over in providing d a ta  to highway m a n a g e ­
m ent for p roper decision-m aking in today’s chang ing  tran spo rta tion  
arena. W ith in  the com m ission the cen ter is u n de r the adm in istra tion  of 
the R esearch and  E ngineering Services and  u n de r the d irectorship  of 
Paul L. Owens.

RESEARCH AREA
O riginally  our p rim ary  research function  was to coord inate , 

m on ito r, an d  supervise any and  all construction  research projects for 
the com m ission. However, because the needs of the highway system are 
changing , the d irection  of our research is also changing  to include work 
concerning m a in tenance, traffic, and  the like. From  the com pleted  
research , we m ake recom m endations th a t m eet or answer the ever- 
changing  technological needs in these areas.

O ur research can be divided into  three m ajo r areas. O ne group  of 
projects is in itia ted  by the com m ission, m anaged  by the Research and  
T ra in in g  C enter, and  conducted  w ith the help and  cooperation  of o ther 
departm en ts and  divisions w ithin the highway com m ission. These are 
listed as “C ategory II —E xperim ental Features of C onstruction” and  
cu rren tly  25 projects are u nder this head ing . T here  are also 22 m ajor, 
long-term  studies funded  by FH W A  and  investigated in cooperation  
w ith m em bers of P u rdue  Civil Engineering D epartm ent, th rough  the 
Jo in t H ighway Research Project. T h e  R esearch an d  T ra in in g  C enter is
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the s ta te ’s agent for these com bined  studies. Also a considerable nu m b er 
of in-house research  projects cover a wide range of topics.

From  this sizable research  effort in progress at the cen ter, the areas 
of research  which we have decided to h igh ligh t in this discussion are: 
b ridge studies, pipe coatings, pavem ent m ark ing  and  m ow ing, recycl­
ing, an d  pavem ent perform ance.
BRIDGE STUDIES

T h e research spectrum  for b ridge studies cu rren tly  consists of five 
federa lly -funded  research  program s re la ted  to bridge design and  12 
partia lly -federa lly -funded  C ategory II studies. T h ro ug h  the Category II 
studies various types of join ts and  bridge deck pro tection  systems are b e ­
ing evaluated  over a specified period  of service. Bridge expansion b e a r­
ings w ith teflon surfaces are also being evaluated , as well as expansive 
cem ents which have been used in a few experim en ta l bridge decks.

In  p a rtic u la r, the areas of b ridge deck deterio ra tion  an d  bridge 
deck pro tection  systems have received high priority  in the state as well as 
on the n a tiona l level due to the ir frequency an d  high cost for re h a b ilita ­
tion . It has been estim ated  o ne-th ird  of all highway bridge decks are 
seriously deterio ra ted  due to the corrosion of the reinforcing steel, and  
conservative estim ates p lace the funds requ ired  to u n dertake  rep lace­
m ent or rep a ir of these bridges at $12.4 billion on the federa l-a id  system 
and  $10.6 billion for the off-system bridges.

T h e  bridge deck deterio ra tion  prob lem  stems from  a com bination  
of the large am ount of steel in the b ridge deck and  the app lication  of 
deicing salts. As the salts p en e tra te  the  b ridge deck, corrosion of the 
reinforcing  steel can  begin u n de r ad eq u ate  conditions of m oisture, oxy­
gen, and  salt concen tra tion  levels.

T he  Research and  T ra in in g  C enter has evaluated  various bridge 
deck p ro tection  systems such as b itum inous m em branes, epoxy coated  
and  galvanized reinforcing  steel, and  epoxy sealers. C urren tly  the cen ter 
is investigating the perfo rm ance of various latex  m odified concretes, 
low-slum p dense concretes, and  corrosion inh ib ito rs such as calcium  
n itrite . Perform ance is relegated  to resistance to chloride ion p e n e tra ­
tion, corrosion po ten tials, construction  problem s, bond ing  w ith the 
p a ren t concrete, and  surface characteristics.

A m ong the pro tection  systems tested, chloride ion levels have 
generally  increased by year at the various levels tested. T he  am oun t of 
increase in chloride ion concen tra tion  depends on the type of p ro tection  
system tested w ith some systems reported ly  p ro tecting  the reinforcing 
steel from  corrosion chloride levels 10 to 15 years.

A ccelerated  laborato ry  testing and  field sam pling  is con tinu ing  on
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the pro tection  systems previously no ted  to define the perform ance of 
each system in com parison to each o ther and  the conditions w hereby a 
p a rtic u la r p ro tection  system becomes m ore desireable.

PIPE  C O A TIN G S
Caustic d ischarge an d  acidic ru n o ff have resulted  in a significant 

reduction  in the service life of pipes in the n o rth e rn  and  southern  p o r­
tions of In d iana . To ex tend  this service life p ipe m anufac tu re rs  are p ro ­
posing a variety of m ethods, the m ost com m on m ethod  being pipe 
coatings.

In the  sum m er of 1979 the ISHC New Products C om m ittee and  the 
R esearch and  T ra in in g  C enter in itia ted  a study to evaluate the ability of 
various p ipe coatings tow ard inh ib iting  p ipe corrosion in an acidic e n ­
v ironm ent. Pipe coatings tested included: asbestos bonded-b itum inous 
coated  pipe, p la in  b itum inous coated  p ipe, b itum inous coated- 
polym eric coated  pipe, epoxy coated  pipe, alum inized pipe, alum inum  
p ipe, polym eric coated  pipe, galvanized pipe, vitrified clay p ipe, and  
concrete pipe.

T h e  pipes were subjected to a constan t 2 pH  sulfuric acid solution 
an d  were periodically  inspected. V arious defects appeared  in several 
coatings such as blistering, d isbondm ent of the coating , rusting , and  
p itting .

In the study a field investigation was also in tia ted  along with cost 
com parisons. An a ttem p t was also m ade to rank  the various coatings 
and  pipe by the ir perfo rm ance in an  acidic environm ent, availability in 
various d iam eter and  lengths, and  cost.

PA V EM EN T M A R K IN G  AND M O W IN G
T h e R esearch and  T ra in in g  C enter was d irected  by the chief 

highw ay engineer to in itia te  a study to develop recom m endations and  
guidelines to assist in the determ ination  of the advantages of con tract 
versus in-house p lacem ent of p a in ted  pavem ent m arkings. T h e  study 
concen tra ted  on com paring  the cost of applying various types of traffic 
strip ing  on the centerline and  on the edgeline. O ther aims of the study 
were to m ake recom m endations concerning: scheduling and  p lanning , 
adm in istra tion  and  control of work, coord ination  of strip ing  activities 
w ith o ther highw ay m a in tenance activities, quality  of work, m aterials, 
and  specifications.

R andom ly selected field sections were also evaluated  for field p e r­
form ance of the pavem ent m ark ing  m aterials. Conclusions from  this 
cost com parison study are  being draw n from  the d a ta  w ith specific 
recom m endations tow ard m aking  the pavem ent m ark ing  operation
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even m ore efficient. This type of com parison analysis has also been p ro ­
posed for com paring  m owing operations perfo rm ed  by in-house forces 
versus con trac t forces.

REC Y CLIN G
W ith in  the  past decade the em phasis of tran spo rta tion  agencies has 

sh ifted from  one of the new facility construction  to one of m a in ta in in g  
and  up g rad in g  existing highway facilities. Recycling is believed to be 
one m ethod  th a t can  be used to facilita te  this shift in em phasis.

T h e  R esearch and  T ra in in g  C enter is p artic ip a ting  w ith the Purdue 
Civil E ngineering D epartm en t in a Jo in t H ighway Research Project 
(JH RP) to determ ine the m ost effective m ethods and  m aterials for recy­
cling. Both hot and  cold recycling are being considered and  studied. 
T h e  study will also evaluate the in-place service of the recycled 
pavem ents.

C onsiderable prelim inary  work has already been perfo rm ed  on 
evaluating  the behavior of various types and  quantities of b itum inous 
rejuvenators for use in recycling. T h e  findings of this work and  the 
above m entioned  study will be used to p rep are  special provisions for a 
hot recycling project on US-41 n ear T erre  H au te , In d iana , an d  a cold 
recycling project on SR -16 n ear Rensselaer, In d iana . Both of these p ro ­
jects are p lann ed  for 1981.

PA V EM EN T PER FO R M A N C E
Pavem ent m anagem en t is an o th er m ajo r area  th a t the Research 

and  T ra in in g  C enter is addressing. By defin ition  pavem ent m a n a g e ­
m ent is the process of coord inating  and  contro lling  all activities re la ted  
to pavem ents to best utilize public funds for providing and  m ain ta in in g  
pavem ents in a serviceable condition  on an ongoing basis. It involves us­
ing feedback in form ation  on pavem ent perfo rm ance and  pavem ent re ­
h ab ilita tion  activities an d  costs.

T h e  ISHC has already established a Pavem ent M anagem ent C om ­
m ittee to im plem ent pavem ent m anagem en t p rogram s which will re late 
design, pavem ent perfo rm ance, cost evaluations, an d  will even project 
fu tu re  fund ing  needs.

In pavem ent m anagem en t, it is desireable to m easure pavem ent 
perfo rm ance on a statew ide basis. T he  areas of pavem ent perfo rm ance 
norm ally  investigated are: rideability , safety, and  strength .

These perfo rm ance features are collectively referred  to as ser­
viceability and , if expressed quantita tively  at some poin t in the pave­
m ent life, then  as the pavem ent serviceability index or PSI.
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T o m easure rideab ility  the Research T ra in in g  C enter has used, 
since 1973, a PCA R oadm eter*  (Figure 1).

, ----------data r e a d o u t  c o n s o l e

TRANSMISSION LINE “ AXLE ASSEMBLY

Figure 1. PCA Roadmeter

T h e  PCA R oadm eter m easures the to tal n u m b er of 1 /8  -in. deflections 
of a car body while traveling  at a speed of 50 m ph . This provides a 
realistic app rox im ation  of the rideab ility  of the road  in term s of the 
user. This rideab ility  in form ation  coupled w ith a recently com pleted  
JH R P  study concern ing  pavem ent evaluation  m ethods has resulted in a 
relationsh ip  betw een PSI and  road  roughness. T h e  results of this re la ­
tionship is th a t the PSI of a pavem ent can  be established th rough  the 
annual ro ad m eter inventory the cen ter perform s on In d ia n a ’s roads, 
provided th a t background  in form ation  for a pavem ent section is known, 
such as pavem ent age, traffic volum e, and  percen t of truck  traffic. W ith  
the in itial roughness of the pavem ent known and  with expressions for 
PSI and  m in im um  PSI, the expected service life of a pavem ent can  be 
calcu la ted  based on rideability .

T h e  cen ter evaluates safety, ano ther com ponent of PSI, by d e te r­
m in ing  the level of fric tional resistance to skidding tha t the pavem ent 
provides. This de term ination  is m ade w ith an ASTM  stand ard  skid sys­
tem  (Figure 2) which m easures the coefficient of wet sliding friction  b e ­
tween the pavem ent surface and  a s ta n d a rd  test tire . This coefficient 
m ultip lied  by 100 gives the friction  n u m b er for the pavem ent.

♦ Recently the Research and Training Center has also acquired a May’s Ridemeter.
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P R I N T E R ,
C A S S E T T E  TAPE T RA N S P OR T ,

From  the skid inventory d a ta  base, ob ta ined  from  the periodic 
testing  of approxim ately  11,300 miles of the p rim ary  and  secondary 
system in Ind iana , the relationship  betw een the level o f friction  of a 
pavem ent du rin g  its service life can , hopefully, be p red ic ted . Sim ilarly, 
the rem ain ing  service life can  be p red ic ted  if a term inal friction  nu m b er 
is assum ed. From  the relationships betw een friction  nu m b er and  service 
life an o th er expression for PSI can then  be ob ta ined .

However, when considering friction  num bers, seasonal variations 
need to be taken  into account. This cyclic variation  in pavem ent friction 
is no ted  for m ost pavem ent surfaces w ith h igher fric tional levels typ ical­
ly recorded  in the w inter and  early spring seasons and  lower levels in the 
sum m er season. T h e  factors con trib u tin g  to this fluc tua ting  effect on 
pavem ent friction  levels are being  investigated in a re la ted  study.

A nother expression for PSI in term s of the strength  o f the pavem ent 
system is being investigated. T o m easure the strength  of this pavem ent 
system the cen ter uses a device called the D nyaflect (F igure 3). T he 
dynaflect subjects the pavem ent to a cyclic load and  m easures the 
am oun t and  type of deflection of the  pavem ent system.

Figure 2. Skid Test System
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A JH R P  study currently  underw ay is a ttem p tin g  to correlate 
dynaflect m easurem ents with the s truc tu ra l life or service life of the 
pavem ent. Eventually the relationship  for PSI in term s of strength  will 
be exam ined .

Finally, PSI will be expressed by the variables: rideability , safety, 
and  strength . These variables will be m easured  by inventory and  special 
testing w ith the cen te r’s PCA ro ad m eter or M ay’s ridem eter, skid 
systems, and  dynaflect system respectively. Problem  pavem ents could 
then  be identified  and  the type of rehab ilita tion  strategy m ost suitable 
for the existing conditions could be suggested.

C O N C LU SIO N
In this discusion we could only glim pse five areas of research the 

Research and  T ra in in g  C enter is involved with. However, the total 
research effort perform ed by the ISHC, in p a rtic u la r the Research and  
T ra in in g  C enter, is extensive. A wide range of topics is inc luded in this 
effort and  considers bo th  basic and  applied  investigations of m aterials, 
m ethods, and  procedures. F urtherm ore , the ISHC understands the b a ­
sic concept, th a t research will provide valuable m ilestones in its desire to 
provide a safe, w ell-built, and  properly  m a in ta ined  highway system tha t 
In d iana  taxpayers deserve.
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