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EXECUTIVE SUMMARY 

I 

Nine experimental  j o i n t  SealaintS w e r e  i n s t a l l e d  i n  a one-mile 
long s e c t i o n  of I n t e r s t a t e  94 nea r  Sauk Centre ,  Minnesota. The 
s e a l a n t s  were eva lua ted  for f.ive y e a r s ,  beginning i n  1988,  and 
compared f o r  performance a g a i n s t  Dow Corning 888, t h e  on ly  
s i l i c o n e  j o i n t  s e a l a n t  c u r r e n t l y  approved f o r  u se  on t r a n s v e r s e  
j o i n t s  by t h e  Minnesota Department of Transpor t a t ion .  

The s e a l a n t s  t e s t e d  included three s i l i c o n e s ,  one u re thane ,  one 
polyure thane ,  one n i t r i l e  rubber ,  one rubber ized  polypropy::l.ene, 
one p o l y s u l f i d e  arid one hot-pour a s p h a l t i c  s e i i l an t .  All test 
s e a l a n t s  w e r e  p1ac:ed i n  t h e  d r i v i n g  l ane .  The pass ing  lane;! 
j o i n t s ,  sealed wi th  Diow Co:rnixig 888 a t  t h e  Sam? t i m e  a s  t h e  
exper imenta l  s e a l a n t s ,  semred a s  the c o n t r o l  s e c t i o n .  An 
addi. t iona1 s e c t i o n  eva lua ted  c o n s i s t e d  of s e v e r a l  j o i n t s  i n  t h e  
d r i v i n g  l a n e  t h a t  w e r e  sealled w i t h  Dow Corning 888 i n  1976,,  

I n s p e c t i o n s  were g e n e r a l l y  done i n  t h e  w i n t e r  and summer. ‘rhe 
s e a l  a n t s  were eva lua ted  based on adhesion,  cohesion and 
e f f e c t i v e n e s s  and prevent ing  t h e  e n t r y  of mo.ist;ure and 
incompress ib les  i n t o  ithe j oini::. 

Conclusions t h a t  appear  j u s t i f i e d  a r e :  

. A goa l  of t h i s  r e sea rch  projeck was t o  i d e n t i f y  produc:ts 
t h a t  wouldl provide  ef f:ect:.ive long-term performance I 
hopefu l ly  f o r  up t o  t e n  yea r s .  However, none of t h e  
experimental  sea:Lants were corisidered t o  have performed w e l l  
enough t o  be recommended f o r  approval .  

. The performance of s e v e r a l  of t h e  protluc:t.e;, no tab ly  Mok~ay 
Baysi lone 960 Si;Licone Sea:Lant: and Criifco Roadsaver Low 
Modul.us Si l i e o n e  S e a l a n t  I would l i k e l y  have b e n e f i t e d  :i:ieom 
an improved o r  more product ion- l ike  ins t ra l . l a t  i o n  procedure.  
However, i t ;  w a s  n o t  the .jmtent.ion of t h i s  s tudy  t o  rat:.e 
appl . i .cat ian methods. 

None of t h e  exper:iment:.al s e a l a n t s  w e r e  cons idered  t o  perform 
a s  w e l l  a s  t h e  Dow Corning 888 i n  t h e  dr i .v ing  l a n e .  

The Dow Corning 2388 irnstalletl  i n  1976 appears  t o ,  be 
performing be t te r  tharn any of t h e  experj-mental sealant:,::; (I 
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INTRODUC!TION 

Backqround 

There a r e  approximately 1 , 9 0 0  m i l e s  of j o i n t e d  por t land  cement 
concre te  (PCC) pavement i n  t h e  Minnesota Trunk Highway System. 
The Minnesota Department o f  Transportat ion (Mn/DOT) s e a l s  $:he 
j o i n t s  t h e  con t r ac t ion  jo in t s l  i n  t h e i r  PCC pavements and 
maintains  these s e a l s .  

Various methods have been used f o r  j o i n t  s e a l h g .  
s e a l a n t s  w e r e  commonly used u n t i l  about 1985. 
typica:Lly l a s t  about three yea r s  on t r ansve r se  j o i n t s .  
work w e l l  on the non-working longi tudina l  c e n t e r l i n e  j o i n t  and 
a r e  s t i l l  used f o r  t h a t  purpose. 

Hot-pour 
They w e r e  f(iuiid t o  

They do 

Pref'ormed neoprene j o i n t  s e a l e r s  w e r e  used on t r a n s v e r s e  j c> ints 
beginning i n  the earl 'y 1970's., 
ou t  incompressibles b u t  tended t o  l eak  water,  and could a l m  t a k e  
a compression set .  
discont inued by t h e  mid-1980's. 

They w e r e  e f f e c t i v e  a t  keeping 

U , s e  of neoprene j o i n t  s e a l e r s  w e r e  genwritlly 

Sil i .cone s e a l a n t s  have been used occasional ly  s i n c e  t h e  m i d . -  
1970's., Perfo:rmance in  tr:jtal a p p l k a t i o n s  has been mixed. The 
c o s t  has  been a drawback. A t  t h i s  t i m e  only one s i l i c o n e  
s e a l a n t ,  DQW Corning 888 I :is on t h e  cu r ren t  Mn/DOT approvecl. 
products  l ist.  

The appearance of s e v e r a l  new j o i n t  s e a l a n t s  on t h e  market 
encouraged Mn/DQT t o  : i n i t i a t e  a research p:ro:j e c : t  t o  invest i .gate  
some of t h e  more promking  mate:rials.  The purpose of t h i s  
r e sea rch  invest:igatioii was t o  idemt:ify new s e a l a n t s ,  n o t  
exc lus ive ly  sil.:icones ,, whose f i e l d  perf  omisncx! would warrant: 
be ing  added t o  t h e  approved product:s l ist .  Additional approved 
product:s may a l s o  l ead  t o  :Lower cos t s .  

Nine experimental  j o i n t  s e a l a n t s  W e r e  i n s t a l l e d  i n  June of :lt!388. 
A l l  experimentad products  were appl ied i n  t r ansve r se  j o i n t s  :i.n 
t h e  dri-vimg lane .  
t h i r t e e n  : joints;  (. 

a l s o  f i - l l ed  with t h e  test  :i;eal.amt. A diagram of t h e  research  
p r o j e c t  is provided i n  Figure 1. 

E a c h  sealarwt was placed i n  from seven tcu 
Any mid-panel cracks w : i t h i n  a t e s t  sec t icnxi  w e r e  

A t  t h e  e a s t  end1 of t h e  research sec:tion were s e v e r a l  j o i n t s  which 
had been s e a l e d 1  w i t h  Ilow 888 i n  1976. These j o i n t s  w e r e  a]:;(:) 
inspec ted  and compared w i t h  t h e  performance of t h e  experimental  
s e a l a n t s .  

A l l  j o i n t s  i n  t h e  pass:ing 11.ane w e r e  sea led  w i t h  Dow 888. Wh:i.le 
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t h e  t r a f f i c  cond i t ions  a r e  acknowledged t o  be d i f f e r e n t  i n  t h e  
pass ing  l a n e  v e r s u s  the d r i v h g  I-ane, the pass ing  l a n e  was used 
a s  the  c o n t r o l  s e c t i o n .  

The s e a l a n t s  were evaduated for. f i v e  yea r s .  Examinations were 
g e n e r a l l y  done i n  sununer and w i n t e r ,  when t h e  j o i n t  openings; 
would be a t  t h e i r  mindmum o r  xnaxi.mum and when t h e  s e a l a n t s  would 
be sub jec t ed  t o  t h e  miost e :xtreme condi t ions .  

2 



[low 888 

silicone 

Dow 888 silicone 
installed 19'76 

Koch 9020 cold pour 

polysulfide 

Dow Corning X3-5855 

self-leveling silic:one 

W. J. Ruscoe 

nitrile rubber 

Y. R. Meadows Extra Lo\ 

lodulus Hot Pour No. 241 

Sika Sikaflex 

'I 5M polyurethane 

H. 8. Fuller hot pour 

ubberized polypropyleni 

Crafco Roadsaver Low 

vlodwlus Silicone Sealan 

lblobay Baysilone 

960 silicone 

Sonneborn Sonolastic 

Paving Joint Seinlant 

Elf-leveling two-componc 

urethane 

12 joints 
1 mid-panel crack 

10 joints 

13 joints 

12 joints 
1 mid-panel crack 

8 joints 
6 mid-panel crack 

12 joints 
1 mid-panel crack 

12 joints 
1 mid-panel crack 

7 joints 

8 joints 
1 mid-panel crack 

Figure  1- Layout: of' expe:rimental j o i n t  sea:lant test sec t io :ns .  
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Pro jec t  Descr ipt ion 

The research  p r o j e c t  isas incorporated i n t o  a j o i n t  r e h a b i l i t a t i o n  
p r o j e c t  e x t e n d h g  1 2 .  r5 m i l e s  e a s t  from t h e  Douglas-Todd County 
l i n e  on I n t e r s t a t e  94 i n  c e n t r a l  Minnesota. T h e  research  s e c t i o n  
is loca ted  about one mile west. of Sauk C e n t r e  in t h e  eastbound 
l anes .  

T h e  pavement was constructed i n  1968. It is n ine  inches  t h i c k  
w i t h  39-foot panels .  I n  151178 t h e  j o i n t s  w e r e  cleaned, resawed 
and sea l ed  by Mn/DOT maintc!!nanct%. By the  t i m e  t h i s  r e sea rch  
p r o j e c t  had s t a r t e d ,  t h e  pavement had been programmed f o r  an 
extens ive  j o i n t  rehabjLXitat:ion fin 1996.  Thus, it was hopedl t h e  
experimental  j Clint sealants: w(3uXd provide adequate service Jitar a t  
l e a s t  e ight  years .  

Most of t h e  inp lace  j o i n t s  on t h i s  p r o j e c t  w e r e  5/8" w i d e .  These 
w e r e  wi.dened t a  7/8". Inplace jojints of o t h e r  w i d t h s  w e r e  sawed 
1/4" wider. The joint:  sawi.ng arid backer rod placement were 
completed by t h e  joint ,  reha.biXit:at;ion con t r ac to r .  
p r o f i l e  is shown i n  F:i.gure 2 .  

T h e  j oimt::: 

The experimental  s e a l a n t s  were all. placed i n  t h e  d r i v i n g  lane. 
The passing l a n e  was slealed w i t k t  Dow 888 s i l i c o n e .  
Nine experimental  s e a l a n t s  were placed. The m a t e r i a l s  w e r e :  

Sonneborn Sonolas t ic  Paving J o i n t  Seal.ant self - leve l ing  t w o -  
component urethane. Alddj-tionally, a primer was appl ied  t o  
t h e  c0ncret.e jo in t .  faces .  T h i s  was t h e  only s e a l a n t  
r e q u i r i n g  a primer. 

Mobay Baysilome 960 S i l i c o n e  Sealant.. 

Crafc:o Roadsaver Low Modulus S i l i c o n e  Sea lan t .  

H. B. F u l l e r  ho t  pour :rubbe,rized polypropylene. 

Si:ka Sikaf :lex - 1 5 M  polyui,xrethame. 

W.  R. Meadow Extra Low Modulus Hot Pour N o .  2 4 8 6 .  

W e  J a Ruscc:, N i t r i . l e  Ru:bbe:r. 

Dow-Corning XJ-5855 self-,:level.ing s i l i c o n e  s e a l a n t .  

Koch 9020 kwo-part cold-pour polysul f ide .  

A t  the r eques t  of t h e  Sonneborn r e p r e s e n t a t i v e  t h e i r  m a t e r i a l  was 
placed by Physical  Research personnel T h e  o t h e r  s e a l a n t s  were 
imstalled e i ther  by t h e  r e s~pec t ive  inanuf a c t u r e r s  r e p r e s e n t a t i v e s  
o r  c o n t r a c t o r s .  

4 



SIBCTION 
(Showing Removal) 

7 Joint sedant - 

Concrete to 
be removed 

f-- 1./8" wider 
than joint. 

P 
____.__ -. 

Figure  2 .  

Backer rod 

SE@TIO:N 
(Showing Installation) 

Profile of r e h a b i l i t a t e d  j o i n t .  
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EVALUATION 

The j o i n t  s e a l a n t s  w e r e  eva lua ted  by v i s u a l  i n s p e c t i o n .  T h e  
s e a l a n t s  w e r e  i n spec ted  far adhesion , cohesion,  presence  o f 
incompress ib les  and moisture  i n  t h e  j oir i t  , r e s i s t a n c e  t o  tc lar ing 
and c rack ing  and shape f a c t o r .  

I n  March 1993 ,  a finad. eva lua t ion  was done. This  e v a l u a t i o n  was 
done i n  a somewhat d i f f e r e n t  f a sh ion  from t h e  prev ious  surveys ,  
i n  t h a t  a new r a t i n g  form was used t h a t  a p p l i e s  a more 
q u a n t i t a t i v e  approach, t o  ssal .ant  e v a l u a t i o n s  than w a s  done 
previous1.y. 
distress t y p e s .  The maximum r a t i n g  is 1 0 0 ,  w i th  a r a t i n g  of 95 
o r  better- be ing  recommended for approval .  
form is shown i n  Figure 3 .  The r e s u l t s  of t h e  survey  are g iven  
i n  Table 1. 
d e s c r i b e d  below. 

The form scorles t h e  s e a l a n t  based on a v a r i e t y  of 

A sample of t h e  r a t i n g  

Tlhe c r i t e r i a  iusetl f o r  r a t i n g  t h e  s e a l a n t s  are 

Bubbles and B l i s t e r s  - Exp80sed surface a i r  bubbles  i n  t h e  
s e a l a n t .  BubbILes should have a d iameter  of  a t  l eas t  2 mm. !rhe 
l a r g e r  t h e  bubble  d e n s i t y  t h e  h ighe r  t h e  s e v e r i t y .  

Su r face  Hardening - The s u r f a c e  of t he  s e a l a n t  h a s  hardened more 
t h a n  t h e  under ly ing  s e a l a n t .  Sur face  c r a c k s  should develop when 
t h e  s e a l a n t  is p res sed  w i t l t i  a b l u n t  o b j e c t .  The h a r d e r  and 
t h i c k e r  t h e  s u r f a c e  hardening t h e  h i g h e r  t h e  s e v e r i t y .  

Embedded Mate r fa l  - Any materj-a1 exceeding a 4 mm diameter 
embedded i n  t h e  sea lan t .  The larger  t h e  d e n s i t y  of embedded 
material  t h e  h.lgher t h e  severj-ty.  

Tracking - The s e a l a n t  has  been removed by t r a f f i c  and h a s  been 
d e p o s i t e d  downstream (of t h e  j o i n t .  S e v e r i t y  w i l l  be determined 
by t h e  amount o f  t r a c k i n g  v i s i -b l e  downstream. 

S inking  I n t o  J o i n t  - The s e a l a n t  has flowed (31: dropped down i n t o  
t h e  j o i n t  and j s  n o t  Iholding i.ts shape f a c t o r .  S e v e r i t y  w i l l  be 
judged on how f a r  t h e  s e a l a n t  has  s l i p p e d  i n t o  t h e  j o i n t  past: t he  
backer  rod.  

Migrat ion (Flow) - T h i s  is int-ended t o  measure i f  t h e  sealzvnt: has 
flowed l a t e r a l l y  a long  t h e  j o i n t  arid eventual l -y  o u t  on to  t h e  
shoulder .  The s e v e r i t y  w1:l.l b e  judged on an es t imate  of t o t a l  
s e a l  a n t  moved. 

Edge Ravel ing R e f e r s  t o  t h e  d e t e r i o r a t i o n  ofT t h e  edges of the  
pavement a t  t h e  j o i n t .  I t  involves  mater ia l  w i t h i n  about  two 
inches  of t h e  j o i n t .  Sevei:-ity wi:LI. va ry  wi th  t h e  w i d t h  of tlhe 
s p a l l .  

6 
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Bond F a i l u r e  -. The adhesion between t h e  concrete  and s e a l a n t  no 
longer  ex i s t s .  
w id th  o f  t h e  debonding. 

The severi . ty  wj i l l l  be determined by t h e  depth and 

P a r a l l e l  Cracking - R e f e r s l  t o  t h e  formation of p a r a l l e l  crac:ks i n  
t h e  s e a l a n t  due t o  a l ack  of cohesion. Seve r i ty  w i l l  va ry  w i t h  
t h e  depth and width of t h e  crack. 

Severity RatincJs 

Most of t h e  s e v e r i t y  r a t i n g s  for  t h e  distxess types  a r e  
s u b j e c t i v e  i n  na ture .  I n  attempt t o  reduce some of t h e  
va r i ance  i n  r a t i n g s  t h e  following d e f i n i t i o n s  w i l l  be used f o r  
each category.  

S l i g h t  - The d i s t r e s s  i s  only apparent a f t e r  c l o s e  
examination. 

Moderate- T h e  distress is apparent bu t  does no t  cur rer i t ly  
e f f ec t .  j o i n t  perf  onnance . 

Heavy - T h e  d i s t r e s s  is e a s i l y  apparent and a f f e c t i n g  
:j o i n t  per f  o:imance . 

Severe - T h e  distress i s ;  'very apparent and the  j o i n t  has 
fa i led.  

7 



DATE __-.-I--- SEALANT- 

D I S T R E S S  
TYPE 

BUBBLES 
AND 
B L I S T E R S  

SURFACE 
HARDENING 

EMBEDDED 
MATERIAL 

TRACKING 

S I N K I N G  
I N T O  J O  I N T  

MIGRATION 
(FLOW) 

EDGE 
RAVE LING 

BOND 
FAILURE 

PARALLEL 
CRACKING 

._"-_- 

._I__ 

---- ---- ___..----- 

S EVERI'I'K IMPORTANCE PRODUCT 
FACTOR - C A*B*C .- -_ 

1.0 
__-.-I--- ---- __ -_ 

1.0 
_-----I ---- ._ -_ 

1.0 
.- -_ __- ----- ---- 
-- -_ 1.0 

1.5 
__-,-- --- ---- 

---- -- -_ -- .-I--- 

1.5 
---- -- -_ -- .-I--- 

1.5 
-- .- ---- ._ -_ 

2 . 0  

_- ..-I--- ---- ._ -_ 
2 * 0 

_--_ -I-- 
-- --- _.-_--- _--.-I--- 

RATING = [ ( 5 0 0  - SUM) ,/ 50C)] * ,100 = 

Figure  3 .  C!oncrelte ::joint sea lan t  r a t i n g  form. 
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Surf. 
Hard 

Sealant Embed Track Sink Flow Edge Bond Par. 
Mtlo into Ravel Fail Crack 

rtNewlr Dow 888 
silicone 

rrQldfl Dow 888 
~~ silicone 

Sonneborn 
two-component 

urethane 
Craf co 

silicone 
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silicone 
Y W W  self 

sil icme 

W. R. Meadows 
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Sika  15M 
polyurethane 
Xoch 9020 

twe-component 
Dolvsulfide 

nnT.- 

1 eve h ing 

H. B. Fuller 
rubberized 

polypropylene 
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Bubb. 
and 
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- 

1 

i 

2 

I I I 
- ~ - I - I - I - l 9 1 2 l -  

I I I I I I I 

- I I - I - I - I I ! - 
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~ 

94.6 
~ 

92.1 

87.3 

84.8 
~~ 

74.2 

72.9 

69.2 

61.9 
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Sonneborn Sonolas t ic  Paving J o i n t  Sea lan t  s e l f - l e v e l i n q  twj2- 
component urethane.  

T h i s  is a two p a r t  sealanl::, cons i s t ing  of a base and an 
a c t i v a t o r .  A l i g h t  gray C::QlOr:ing agent wi i s  a l s o  added. The 
components w e r e  mixed using an e1Lectri.c d r i l l .  and p a i n t  mi..xer 
w h i l e  a primer was al?plied to t h e  j o i n t  faces .  The sealant:: was 
then hand placed by I?hysic:!al Resea.rch persorine,l us ing  a bu.c::lt;et 
and a funnel .  It was a messy and cumbersome opera t ion ,  but::: went 
f a i r l y  w e l l ,  wi th  no probl.emr; w i t h  t he  l eve l ing  and shape f a c t o r .  
Before t h e  s e a l a n t  w i i s  completely cured, some sand had blown over 
it and s tuck  t o  t h e  surface.  
p e n e t r a t e  i n t o  t h e  sealant.  01: cause problems. 

7’he sand d i d  not  appear t o  

A f t e r  three yea r s ,  there was gcyod bond to t h e  concre te ,  even t o  
some s l i g h t  s p a l l s  located near t h e  shoulder.  The ma te r i a l  
remained p l i a b l e  and s o f t  i.n both  ho t  and co ld  weather. 1.1:. could 
be depressed e a s i l y  bly pushinq on it w i t h  a f i n g e r ,  and would 
rebound quick1:y. 

The  f i v e  year  eva lua t ion  showed minor amounts of bubbles and 
s ink ing  i.nto the j oiri ts .  Edge r ave l ing  I para:L:Lel cracking (and 
bond f a i l u r e s  w e r e  noted on 15-20% of t h e  j o i n t s .  Sonneborm 
urethane received a r a t i n g  of 9 2 . 1  #b 

Sonneborn was considered t o  be the best performer of t h e  
experimental  m a t e r i a l s  ., A f t e r  the t h i r d  ylear it was tental:  ive ly  
added t o  t h e  approved products list I based on adequate 
performance a t  t h a t  t i m e .  However, it d i d  not: do a s  w e l l  zil: t h e  
f i v e  yea r  eva lua t ion  and would not now be re(:ommended. 

Mobav Bavsilone 960 s.iIicoriie. 

T h i s  s e a l a n t  w a s  supp:L ied 3.n 5-gallon buckets.  It was i n s t  :.iI l ed  
w i t h  a l -qua r t  caulking gun. T h e  ma te r i a l  had t o  be hand-packed 
i n t o  t h e  gun, a slow and messy procedure., The s e a l a n t  was 
i n s t a l l e d  somewhat unevenly, and a f t e r  t oo l ing  w i t h  a backer rod 
some material had been pushed up onto t h e  pavement su r face .  
was more common on t h e  first seve ra l  j o i n t s .  

. 
This  

About one month a f t e r  insta . l la t i .on some of t h e  o v e r f i l l e d  
m a t e r i a l  w a s  s t a r t i n g  t o  ra.ve1. off , but  wit.hout a f f e c t i n g  t h e  
bond of t h e  s e a l a n t  i n  t h e  joint .  a t  t h a t  t i m e .  A f t e r  one year  
some debonding of t h e  sea l an t  :from t h e  upstream j o i n t  f a c e  :i..n t h e  
wheel t r a c k s  was noted. The dehornding went: down about 1/4-:i..nch 
from t h e  pavement surface.  By the. end of t h e  tbree year  
i n v e s t i g a t i o n  s’ome of t.he debanding had progressed f u r t h e r  down 
i n t o  t h e  j o i n t .  Desp:i.t.e t h i s  de,bonding, no ineompresssibles  w e r e  
seen i n  t h e  j o i n t s .  

Mobay w a s  found t o  be s o f t  i3nd p l i a b l e  i n  both summer and win ter  
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examinations. 
Baysilone 960 seemed to pe!rformeci w e l l .  It was r a t e d  t h e  second 
best experimental seadant  a f t e r  t:hree years .  

With the except ion of t h e  debonding noted above, 

A f t e r  f i v e  yea r s ,  severe  edge rave l ing  was observed on about; 15% 
of t h e  j o i n t s .  Severe b0n.d f a j - lu re s  were noted on about two- 
t h i r d s  of: t h e  : joints , .  Mob'ay si-lj-cone was r a t e d  8 4 . 8 .  

Crafco Roadsaver Low -Modulus Si.li.cone Sea lan t .  

T h i s  s e a l a n t  was placed w i t h  a pump and wand. The shape f a c t o r  
was gene ra l ly  acceptab le ,  Ibut some of t he  j o i n t s  w e r e  o v e r f i l l e d .  
I n  t h e  summer when t h e  joiint width was a t  a minimum the  s e a l a n t  
had bulged up slight1.y h igher  than  t h e  pavement su r face .  

Crafco seems t o  be s o f t e r  t han  t h e  Mobay s i l i c o n e .  It a l s o  
appeared t o  debond more than  the  Mobay s i l i c o n e .  T h i s  occurred 
p a r t i c u l a r l y  w h e r e  thle j o i n t s  w e r e  o v e r f i l l e d .  
noted i n  t h e  w h e e l  pa ths  and near  t h e  shoulder.  
w e r e  seen t o  be g e t t i n g  i n l x  t h e  j o i n t s .  

Debonding was 
Incompressibles 

T h e  f i n a l  eva lua t ion  found a s l i g h t  amount of s ink ing  i n t o  t he  
j o i n t .  There was moderate edge rave l ing  on ahout 15% of the 
j o i n t s ,  Severe bond f a i l u r e s  were noted on about 75% of t h e  
j o i n t s  Crafco s i l i c o n e  r a t e d  87.3. 

H. €3. F u l l e r  h o t  pour rubberized iDolvrrotw.lene. 

T h i s  s e a l a n t  was pumped from a ke t t le  and appl.i.ed w i t h  a wanci. 
I t  flowed e a s i l y  and leveled n ice ly .  There w a s  a problem w:,Lth 
t h e  s e a l a n t  dra.ining ou t  of t h e  j oi-nt a t  t h e  pavement-shoul,.ci~~r 
i n t e r f a c e .  
Some bubbling was seen i n  t h e  second applic=at:i.on. T h i s  was 
apparent ly  t h e  r e s u l t  of s e a l a n t  and a i r  being combined a t  t h e  
bottom of t h e  kettle as t h e  supply of material .  r a n  ou t .  

A stecond app1ic::ati.oin was necessary f o r  these j c n h t s  . 

Evidence of bond f a i l u r e  was noted about one month a f te r  
i n s t a l l a t i o n .  A t  that: t i m e !  it was seen t h a t  the s e a l a n t  was 
debonding about 1/4!' clown from t h e  pavement sur face .  A f t e r  t.wo 
months it w a s  debonded on hoth sides of t h e  j o i n t  down t o  the 
backer rod. 

'The survey done t h e  first winter  showed almost. t o t a l  sealant:: 
f a i l u r e .  The material. had become s t i f f  and brittle w i t h  1i.tt.le 
bond remayking. 
p i eces  removed from the  j o h t  by t r a f f i c , ,  

T h e  sea1arr.t was ex tens ive ly  cracked w i t h  s e v e r a l  

:In warmer weather t h e  ma te r i a l  again became s o f t  and s t i c k y ,  bu t  
t h e  bond w i t h  t h e  concre te  remained poor., By t h e  t h i r d  year. t h e  
remaining s e a l a n t  cou1.d be e a s i l y  removed from the  j o i n t  b y  hand. 
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The f i.ve yeam evalua t ion  found distresses of: many types .  
was a s l igh t .  amount of bubbling, and moderate amounts of: 
tracki:ng, s ink ing  i n t o  t h e  j o i n t  and edge r ave l ing .  Moderates 
amounts of embedded ma te r i a l  w e r e  observed i.n much of t h e  
s e a l a n t .  T h e r e  w e r e  ext:.en:;ive amounts of bond f a i l u r e ,  su r f ace  
hardening and cracking of t h e  s e a l a n t .  H. €3. F u l l e r  rec:ei.ved a 
sco re  of 53.7.  

There 

There w a s  one mid-panel crack within t h i s  t e s t  s e c t i o n  f i l l e d  
w i t h  H. B. F u l l e r  rubberized polypropylene. While t h i s  mater ia l  
performed very poorly i n  j o i n t s ,  t h e  s e a l a n t  i n  t h e  mid-panel 
crack appeared t o  k ~ e  working very w e l l .  
working crack.  

This is apparent ly  n o t  a 

Sika Si.kaflex 1 5 M  polyurethane. 

S ika f l ex  was suppl ied i n  l/lO-gallon n”sausagesll and was i -nstal led 
by hand w i t h  a caulking gun. 
backer rod. 

It was too led  with a length  of 

The bond t o  the  concrete  Was good and t h e  s e a l a n t  remained 
p l i a b l e  i n  co ld  weaKher. There w e r e  some a i r  bubbles wil ; : . lnh t h e  
s e a l a n t ;  t h e s e  had l ~ u r s t  and w e r e  f i l l e d  w i t h  sand. 

For t h e  first: two years  of t.he s tudy Sikaf:Lex w a s  r a t e d  the bes t  
of t h e  experimental products.  A f t e r  t h e  second year  t h e  :sealant: 
had developed! some s u r f  ace hardening w i t h  cons iderable  crdcking 
and t e a r i n g  of t he  sur face .  The long tern t e n s i l e  s t r e n g t h  of 
t h i s  ma te r i a l  seems to be! a problem. 

A f t e r  f i v e  yea r ,  a moderate amount of s ink ing  i n t o  t h e  jo i .n t s  
and edge r ave l ing  w e r e  seen, as w e l l  as ii s i g n i f i c a n t  amount of 
bond f a i l u r e  and considerable  p a r r a l e l  c r ackhg  . Approxi mately 
20% of t h e  s e a l a n t  i s  missing, S ika  polyurethane was ratckcj. 6 9 . 2 .  

W. R. Meadows Extra Low Modulus Hot Pour No. 2 4 8 6 .  

This  s e a l a n t  ‘was purtiped from a ke t t le  and appl ied  w i t h  a wand. 
T h e  shape f a c t o r  war;; satisfeiet:or:y. 

Some debondinlg was observed during t h e  f i.rst summer. Thia 
increased  considerablly by the fixst winter .  There was l i t r t le  
bond t o  the  concrete  a f t e r  t h i s  t i m e .  The ma te r i a l  was s c r f t  bu t  
no t  e s p e c i a l l y  s t i c k y .  T:he s e a l a n t  could be s l i g h t l y  pu l l ed  back 
from the  concre te  faces  t o  revea l  sand getti:ng i n t o  t h e  j a i . n t s .  

During the  f i r s t  summer t l h e  ma te r i a l  was noted t o  con ta in  many 
blisters.  When broken with a f inge r ,  these b l i s t e r s  were found 
t o  be f u l l  of water. T h e  survey done t h e  first winter  found t h e  
s u r f a c e  was pockmarked w i t h  many broken bubbles,  Subsequent 
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t r i p s  during w a r m  weather fourid t h e  s e a l a n t  again to be tak:ing on 
water.  

T h e  f i v e  year  eva lua t ion  showed moderate amounts of embedded 
ma te r i a l  i n  t h e  s e a l a n t  and1 of' s ink ing  i n t o  the j o i n t s .  
was a s l i g h t  amount of edge rave l ing .  
severe bubbling and b:t.istei:.ing. 
t h e  concre te .  

There 
This s e a l a n t  had t h e  most 

There was a l s o  almost no bond t o  
Meadow:; ho t  pour received a rat:i.ng of 72.9.  

W .  J. Ruscoe n i t r i l e  rubbei:. 

T h i s  s e a l a n t  d i d  no t  p e r f o m  w e l l  a t  a l l .  It i.s a solvent--k)nsed 
j o i n t  ma te r i a l  I and skirank cons:ider-ably whi le  cur ing.  By t.kle 
first winter  there w a s  l i t t l e  bond and t h e  mat.eria1 was hard and 
cracked 

The n i t r i l e  rubber appearedl p:rogressively worse over t h e  t h r e e  
year  eva lua t ion  period,,  A f t e r  one year  t h e r e  was almost no bond 
t o  t h e  concre te  and incompressibles have penet ra ted .  Some of t h e  
fa i led  s e c t i o n s  w e r e  r e sea l ed  w i t h  Dow 888 ,, 

A f t e r  two yea r s  there w e r e  s eve ra l  j o i n t  f a i l u r e s  i n  t h i s  
s e c t i o n ,  w i t h  s p a l l s  e:xtencl.ing t h e  width of t he  l ane  and one: t o  
two feet  longitudinal1.y i n t o  t h e  panels.  I?our of these fai:l..ures 
a r e  a t  r epa i r ed  joints ;  and t h r e e  at. o r i g i n a l  pavement -j oin ta .  
The spall:; w e r e  r epa i r ed  wi.th bituminous patch.  

The f i n a l  eva lua t ion  showed severe  and t o t a l  amounts of s u r f  ace 
hardening I edge r a v e l  jmg , paralltell cracking and bond f a i l u r e  . O f  
t h i r t e e n  j o i n t s  origiirially sea l ed  w i t h  t h i s  ma te r i a l  I only two 
remain. The o t h e r  e leven have d e t e r i o r a t e d  and been patched w i t h  
bituminous. This  distress is confined t o  t h e  d r i v i n g  lane ;  
there is no s i m i l a r  p a t t e r n  i n  t h e  passing l ane  sea l ed  with Dow 
Corning 888 s i l i c o n e .  Rusco n i t r i l e  rubber received a r a t i n g  of 
48 .0 .  

Dow Corniris X3-5855 sg!lf-le!veliris s i l i cone . ,  

The bond w a s  gene ra l ly  goodl through t h e  first three years.  Some 
debonding w a s  observed where t h e  s e a l a n t  weis high and a t  s p a l l s .  
:It appears  t o  debond more a k  t h e  m a l l  s p a l l s  than  do t h e  &her 
s i l i c o n e  and urethane produlcts. 

The material d i d  no t  :flow t:o t h e  proper shape f a c t o r  a s  w e l l .  a s  
.it should have. There w e r e  some low s p o t s  and some bulging. The 
m a t e r i a l  has  an  odd appearamce, w j i t h  a r idge  along the  middle of 
t h e  j o i n t , ,  
t h e  middle of t h e  j o i n t s .  Bubbles w e r e  noted i n  t h e  l a s t  f e w  
: j o in t s  

A f t e r  t h e  first: year  m m e  y ie ld ing  was observed i.n 
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Three of t h e  j o i n t s  have some s p a l l i n g ,  t h e  s p a l l s  extending two 
t o  th ree  fee t  t r ansve r se ly  along t h e  j o i n t s ,  and about cone f o o t  
l ong i tud ina l ly  i n t o  the  panel.  

T h e  ma te r i a l  w a s  s o f t ,  even i n  t h e  winter.  O n  each of t he  first 
two j o i n t s  a marble-sized rock was embedded i n  t h e  sea l e r . ,  
Severa l  of t h e  o the r  j o h t s  a l s o  had embedded incompress ibles . 
There w e r e  voids  w h e r e  i.t could be seen t h a t  rocks had L ) c x m  
embedded and l a t e r  removed. 

A f t e r  f i v e  years ,  at l e a s t  50% of t h e  t o t a l  j o i n t  l eng th  i n  t h i s  
tes t  sec t ion  have s p a l l s d  and been patched w i t h  bituminous, 
inc luding  three j o i n t s  t o t i i l l y  gone. There is severe  boric1 
f a i l u r e  and edge rave l ing ,  arid some a reas  of t h e  s e a l a n t  have 
sunk i n t o  t h e  j o i n t s .  
received a sco re  of' 7 4 . 2 .  

Dow Corning self l e v e l i n g  s i l i con t l  

Koch 9020 tws-component co ld  Paur Dolvscllf ide .  

T h e  s e a l a n t  o r i g i n a l l y  iinstalled i n  June 1988 had t o  be removed. 
There was a problem w i t h  t h e  pumping equipment, r e s u l t i n g  i n  only 
one of t h e  two components being placed. This test  s e c t i o n  was 
redone i n  August 1988. 

The August app l i ca t ion  went moderately w e l l  w i t h  t h e  ma te r i a l  
going i n  e a s i l y  but  somewhat unevenly. I t  s e l f - l e v e l e d  t:.~ some 
e x t e n t  s o  t h e  f i n a l  appeararice was f a i r l y  even. It d i d  n o t  set 
up as quickly a s  was an t ic ipa ted .b  
cu re  i n  about: h a l f  iin hour,  bu t  af ter  'two hours it was still 
tacky,  and would leave a black smudge when touched. The s u r f a c e  
w a s  retaining1 some sand and o t h e r  blow.ing debr i s .  

The s e a l a n t  was expec1::ed t o  

The first w i n k e r  ins;pectj.on showed t h e  s e a l a n t  t o  be sof t .  and 
i n t a c t .  It appeaxed t o  be doing a 
good job  of keeping nncom.pressibles out, but. no t  water.  

Some debonding was noted. 

A f t e r  one year  t h e  materi.al was very s o f t  and s t i c k y .  
bleedinq ( t h e  su r face  w a s  crac:ked and a w e t .  b lack substance w a s  
coming ou t )  and d i d  riot a.ppear t o  have completely cured. 
p u l l i n g  away t o  about: 1 / 4  inch below the  pavement s u r f a c e ,  
allowing some d i r t  t.a ge t  i n ,  bu t  below t h i s  t h e  bond w a s  good. 
There was one crack noted at; t h e  concrete-sealer  i n t e r f a c e  

It. was 

It was, 

Af t e r  three ylears the pol,ysu.lfide was sti.11 s o f t .  Some sand was 
s t i c k i n g  t o  t l h e  s e a l a n t .  There was considerable  debonding. The 
bleeding observed i n  t h e  p a s t  w a s  no t  noted t h i s  t i m e .  

T h e  f i v e  year  eva lua t ion  showed seve ra l  t ypes  of distress,, There 
w e r e  considerable  q u a n t i t i e s  of edge r ave l ing  and bond f a i l u r e ,  
and lesser but  still. severe amounts of embedded m a t e r i a l  and 
s ink ing  i n t o  t h e  j o i n t s .  Small amounts of su r face  hardening and 
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b l i s t e r i n g  w e r e  observed. 
and been patched, wh i l e  sc!!ve:r.a:L o the r s  a r e  p a r t i a l l y  gone. 
one j o i n t  i n  t h i s  s e c t i o n  d i d  n o t  show t h i s  type of distress. 
Koch polysul f  i.de was rated. 6.1. !3 .  

Two joj-nts  have t o t a l l y  d e t e r i o r a t e d  
Only 

ttOldll Dow Cornins 88g si l i .cone,.  

While not: o f f i c i a l l y  a p a r t  caf the. researc:h p r o j e c t ,  these j o i n t s  
w e r e  a l s o  inspected t.o measure the performance of t he  
experimental  sealants ; .  

T h i s  j o i n t  s e a l a n t  w a s  appl ied  i n  1976.  
occurred a t  t h e  upstream s i d e  of some j o i n t s ,  b u t  is l i m i t e d  t o  
approximately 'the top' 1 /4"  of t h e  sea l an t .  I n  genera l  t h e  bond 
looks good. 
bulged. 
experimental  products:. 

Some debonding has  

Tlhe m a t e r i a l  has bec:ome f a i r l y  hard and is s l i g h t l y  
It appears t o  be perfomling a s  w e l l  a s  any of t h e  

The March 1993 eva lua t ion  u s e d  t he  r a t i n g  form t o  v e r i f y  the 
tloLdvl Dow 888 :j performance with respect. to the experimental  
products .  A s:Light amount o f  embedded materiiil was found, (along 
with some minor bond f a i l u r e  and a moderate degree of edge 
rave l ing .  This  s e a l a n t  w a s  r a t e d  a t  94 .6 .  

Dow Corninq 888 s i l i c o n e .  (CoYltrCD1 s e c t i a l  

T h i s  m a t e r i a l  was used t o  !sea:L t h e  j o i n t s  in the pass ing  Lane i n  
t h e  research s e c t i o n .  It was also used t o  r epa i r  j o i n t s  i n  t h e  
experimental  s e c t i o n s  i f  test s e a l a n t s  had been removed and t h e  
concre te  remained sound. 

There were no gsoblem,s observed with Dow Cornjirig 888 through t h e  
first t h r e e  yea r s  of t h e  eva lua t ion  period. Bond and shape 
f a c t o r  remain good. , A t  l oca t fons  where j o i n t s  w i t h  experimental  
s e a l a n t s  fa i led,  t h e  ad jacen t  j o i n t s  i n  the  passing l a n e  sealled 
w i t h  Dow Corning 888 :remain i n  good condition. 

The f i v e  year  evaluat. ion noted a s l i g h t  amount of bond fail.xire 
and some s l i g h t  edge r a v e l h g .  
Dow Corning 888 (placed 19ci38) w a s  r a t e d  a t  97.8.  

N o  o the r  distress was observed. 

RIECOMMENDATIONS 

Fur the r  Research 

Fur ther  r e sea rch  is recommtrmded t o  i d e n t i f y  a d d i t i o n a l  sea l .an ts  
which may provi.de t e n  yea r s  of acceptable  servi.ce. 
a new j o i n t  sealWant research p r o j  ec:t was constx-ucted i n  199:lt on 
1 - 9 4  near  S t .  Joseph, Minnesota. Sixteen products are incl.n.ided 

To t h i s  end, 
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i n  t h i s  new study. 

It is f e l t  t h a t  s o m e  product-s i n  t h e  Sauk Centre project..  s u f f e r e d  
from an inadequate insta1lxit;ion procedure, p a r t i c u l a r l y  CrafccP 
and Mobay s i l i c o n e s .  It  i.s recommended t h a t  s e a l a n t s  irr future 
experiments be i n s t a l l e d  i.n a product.ion-like manner, so t h a t  it 
is  t h e  s e a l a n t  which is being evaluated and n o t  t h e  a p p l i c a t o r .  

New product eva lua t ion  i s  an ongoing process .  I t  is  expected 
t h a t  t h i s  type of research p r o j e c t  w i l l  be repea ted  every f e w  
years ,  as new s e a l a n t s  come t o  Mn/DOT's a t t e n t i o n .  

16 




