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NUMBER U90-1 

3M 350 TAPE ON OPEN GRADED PAVEMENT - I 91 LYNDON-BARTON 

REFERENCE: Work Plan 88-R-3 , Update U88-10 

HISTORY: 

During construction of Lyndon-Barton IR 091-3 (10 ) , an 
experime ntal durable pavement marking, 3M 350 Tape, was specified 
for 8" whi te gore markings a nd 4 " white l a nelin es on t he 
accel/dece l lanes at interchanges 23, 24, 25 , and at a rest ~rea 

and two scenic turnouts on t his resurfacing project. 

APPLICATION: 

During a six week period e nd ing o n August 17, 1989, the 
experi me n tal product was instal l ed using t h e manufacturer's 
recommendations. A ma nufacturer ' s representative was present 
during some of t he appli c ation to assure that contractor 
personnel were fol l owi n g proper application procedu res . 

As a con trol , durable markings o f an approved t h ermopl astic 
material were instal l e d at the following locations. 

NB MM. 1 5 6 +I­
NB MM • 15 4 +I­
NB MM • 14 3 +I-

Barton Interch a n ge (25) Off ramp 
Glover Scenic Overlook On & Of f ramps 
Wheelock Scen ic Overlook On & Off ramps 

A total of 2430 LF o f 8" a nd 2545 LF of 4" white tape 
markings was installed . 

A Lotal of 2499 LF o f 8" and 1t52 
thermoplastic markings was instal l ed . 

COST: 

The price for -! " white line Tape was $ 1. 50 
The price for 4" wh ite t hermoplastic line 
Th e price for 8" white l ine Tape l-IaS $3.00 
The p r ice for 8" whi te t he rmo plast i c Une 

STATUS: 

LF o f 4 " white 

p e r LF . 
was $0.50 per LF. 

per LF. 
was $ l. 00 per LF. 

The pJ·oj(~ c' t was inspected o n Januar.Y 3, 
luss o f produc t had occ urred as s ho wn below. 

1990 . Subs tan L ia I 

8" l~hite tape l.ines - ·l 8% loss . 
·1" Lane 1 i ne dashes -· 52% loss . 



STATUS: t:Oil L i nueu 

The thermopl astic gore markings s h owed no l oss and o nly ve r y 
sli~ht scuffi ng at one location where t h e long lines and diagonal 
c hevrons over lapped. 

The painted edge l ines o n this project we re all visible 
a l though somewhat yellowed as is exp ected f or a first appl ication 
over n ew a s phalt. 

At each locati o n a test of the bond of the tape to t h e 
pav e me nt was made by grasping t h e tape with a f inge r a n d t h umb , 
then g e nt l y pulling. Only min i mal press u re was r e quired to remove 
t h e tape fro m the surface . After removal of the tape , s tanding 
water ~as f ound in all of th e depressions in t h e pavement. The 
lack o f bond s uggests that most o f the remaining product wi l l be 
J os t by the e nd of the \.." i 11 ter season. 

CONCLUS IONS : 

The p e r centage of product lost after o nly four month s is 
unacceptabl e . Purt her use of 3~1 350 Tape o n open gcaded fri ction 
c o urses is n o t r eco mme nded . 

FOLLOW UP: A fi nal e valuation will be made in the spring. 

D i s I,. i !Ju l. i •Hr ,\, 1\ , C , D, E 
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NUMBER U90-2 

3M 350 TAPE ON OPEN GRADED PAVEMENT - I 89 COLCHESTER 

REFERENCE: Work Plan 88-R-4, Update U88-10 

HISTORY: 

During construct ion of Colchester IR 089-3(14), an
experimental durable pavement marking, 3l'1 350 Tape, was specified 
for the Northbound and South bound 10' x 4" white dashed 
centerlines on this resurfacing project . Control was to be the 
edgeli n es which were painted with standard traffic paint . 

APPLICATION: 

The application of t h e experimental product occurred during 
July of 1989, ending on July 31, 1989. The special provisions of 
t hi s contract ca lled for the presence of a manufacturer's 
technical representative on the project at all times . Although 
t h e manufacturer did not provide full time coverage , a 
representative was present during some of the application to 
assure that contractor personnel were following proper 
application procedures. Fifteen thousand nine hundred LF o f 4 " 
white line ~•a s applied between milemarkers 92/00 and 98/00 on 
both NorLhbound and SouLhboundlanes . 

COST: The price f or this product was $1 . 50 per LF. installed for 
a total cost of $23 , 850 . 00 . 

STATUS: 

On August t8, 1989 a c urso r y ins pec tion of the product was 
mad e . At that time i. L was no ted that the t~-10 week o l d product 
\.;a s "slightly gray- about eq ual to the pai.nted e dgelines." Only 
o n e damag P.t.l sLL' ipe \.Jas noted Htth a l o~~ o (' app roxi mately 6'' of 
tape. [twas also noted that the tape could be lifted from the 
surface o r t he pavement wi t h only gentl e pressure using fingers 
only. 

The p r o j e c t 1.; as i n spec ted o n J n 11 \W r .r :.l , 1 9 9 0 by Research & 
J> pvf' lopment. pl·r· sonn el . SubstanLlal l oss o f product had occurn-! d 
as S h ln..:n bel 01-' . 

Percent Loss Non e Lo 10% 10 - ~IU% 90 - 100% OvPJ' a I I 
Not~ t l-"! !?9 u nd 
No. Dashes -139 56 8:1 214 3 :3% 
So!:JI:h.Qol!nc! 
No. Dashes 55 1 L25 57 66 12% 



U90-2 Pa.'( e 2 or 2 

STATUS: con ti nued 

An independent inspec ti on was made by Maintenance division 
pe rsonnel on January 5 , 1990 . Th is i nspection confirmed t h e 
percentages lost. 

As can be seen, the southbound is in bette r s hape but 12% is 
s till a significant loss . On the southbound l a n e muc h o f the 
l oss i s l eadi ng edge damage i n the 1 - 10% category. On t h e 
northbound ma ny o f the s tr i pes are i n the 90 100% l oss 
category and occurred i n group s whic h accentuates the lack of 
delineation in some areas. Ma n y of t h e 90-100% lost stripes have 
2 to 4 " of the l eading edge s till present . These were tamped 
down during applicat i on to obtai n a lower l eading edge profile. 

The painted edgeli n es on t h is project we r e all visibl e 
although somewhat yellowed as is expected f o r a first application 
over new asphalt . 

CONCLUSIONS: 

The pe rcentage of product lost after only f o u r months is 
unacceptable . Further use of 3M 35 0 Tape on open graded friction 
courses is not r ecomme nded . 

FOLLOW UP: A f i nal e valua t i o n will be made in the spring. 

Distribution A,B,C,D,E 
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NUMBER U90 - 3 

CARBON BLACK MODIFIED PAVEMENT 

Re f erence 

Research I n vestigation P85-4, Wor k Plan 86-R- 8 , Update U88- l 

Pu rpose 

This update revie4s the p e rformance of ca rbon blac k mo d ified a nd high 
stabi lity co n tro l mixes in resisti n g t h e redevelopmen t of wh eel path 
ru~. ting . 

A 3500' + sec tion of Route 7 paved i n 1979 , Court Street in Mi ddlebury , 
deve loped dis tress in t h e form of r u tting and shoving s h ortly after 
p l.aceme nt . By Jun e of 1985 , rutt i n g in the wheelpaths ave r aged 10/16" wjth 
maxi mum v alues of 1 ll/16" , An inves tigation , completed i n July 1985 
( P8 5-4 ) , concluded tha t the paveme n L dis tress 1.;as t h e result of a number of 
f acto r s , but that t he ma j or cau se was du e to ins t abilit y of the plant mixed 
base cours e . 

1 n 1986, a ·decision wa s made to reconstruct two 600+ foot sections of 
Cou r L Street at t h e School Street and Ch a r les Aven u e intersections i n an 
attempt to d e termine whaL would be r equire d to re h abi l itate t h e e n tire 
pro ,j ec t in future years . Cons tru e ti on was carri ed o u t under proj ec l 
i'liddlebury F'0 19-3(39 JS in August and Se ptemb e r , 1986 . The proced u n ' 
included t h e stepped remova l of the existjng pave me n t cou rses wi t h full 
l'c moval ove r the mid s e c Lio n. Both mixe s used AC20 asph.al t with a 75 bl o1.; 
:"-!arshall test c rite ria in place o f the standard 50 blow require menL. 
StabiUty requirements 1.;e r c increased fro m 1000 lb. to 1500 lb. f o r Type [ 
a nd Lo 1800 lb . for Ty p es II and III. Th e paveme nt t~vpical subst i tu Led twtJ 
2 1 I 2" cou rses of Type l f or t h e sta ndard p l ant 111 ixed base cou rse with one 
1 :J/ 4 ., course or Type T1 n nd o n e 1 l/4" course of T~.:pe I I I. Carbon b l ac !\ 
<:-II CROFT L 8 by Cabot Corp. l was added at a raLe of 25 lb . pe r ton to Lh•! 
mi.x p .laced at t h e Chat·les Avenue inte r secLion . Traffic was k epL off th e 
11e1; pavement. unli t the s ur fnce t e mperat ut·es hud coo led to l00° F. 
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Tb e 'i;jO t ons o f bituminous mix ''ilh ca rbo n bl&~l< add~~d 1..:as bjd at 
$ 78.00 per to11. Th e hig h stabiJity con Lt'o J mix ,.;as bjd aL $:~5 . 00 per 
ton "·h ich l>as o n ly s .l igh tly high er· Lh an the projec t a\·e t·r.~g r • u11i t price 
for the j t em . The Cabo t Co r p o rat. i on rep o r t s that ~ ~ arbon b 1 a c ){ 
P H CROF J L HI h' l:lS i'ln:ti lab]e at a cost of $0 . 33 p e r pound FOB l?ra n )\ljn, 
LA or $0. 31 per pou nd at Hldd l ebury, VT . Th e c ost of Lhe product h as 
n o t changed Lh rnugh ~larch of 1990. Cabot ' s Project T'lanager· c urren"tl y 
r e c o m rn end s l h a t. c a r b o n b 1 a c l< be add e d a L t h e r a L e o f ) 5% o f t h e 
asphalt content if AC 20 aspha l "t i s us ed . Tha t would amount to li 

loading o f 1 8 1 bs . • o f c.:a t·bon black Hi th a r e duct i o n in the asphalt 
conte nt of 11 J bs . p e r Lon. Such usage wo uld resuJ L i n <1 $6 . 00 per 
ton increase in t h e material cost o f t h e modified mix . 

S t atus 

Traff i c volumes have inc reased 
. exceeding 16, 000 vehicles p~r day . 

s igns o f dis tress or rutting each 
hav e bee n doc u me nted as follo1vS : 

over t h e test sections a nd are n ow 
Th e si Les h ave bee n examined for 

fall since place ment . The results 

Carbon Black Con t rol 
no cracks Pa v erne nt Crac ){ i n g 1 diagon al cracl< 

Rid e Qual ity- Mays values in 

Carbon Blac k 
Control 
Old Paveme n t 

inc h/mile at 35 mph 

1 Year (11-87) 
11 7 
1 1 1 
198 

Rut Neasu reme n ts - i n 1 /16 inch increme n ts 

Depth 1 Year 2 Years 3 Year s 
Re placed (10 - 87) ( 1 1- 88) 110- 89l 

CB Con trol CB Cont r o l CB Con tro l 
0 6 . 2 14 . 2 11.0 1 7. 5 . 11. 8 15 . 5 
1 2 . 8 5 . 5 6. 2 
1 l/2 1. 2 3 . 0 3 . 2 6 . 5 3 . 2 7 . 0 
3 0 . 8 2 . 2 2 . 2 4 . 2 2 . 0 4 . 2 
5 1/2 0 . 5 1. 2 2 . 2 3 . 8 2 . 2 4 . 2 
8 0 . 5 1 . 2 1 . 7 3.9 2 . 2 3 . 4 

Suruma r ;y: 

Significan t fi ndi n gs n oted t h ro ugh three yea r s of service i nc lude 
t h e followi ng : 

One inch o f carbon blacl{ modified mix was unabl e to prevent rutti n g 
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which averaged 6/16 of a n i nc h. 
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One and o ne half )nc h of the h igh stability control mi x t..ras unlible to 
prevent rutting which averaged 7/16 of a n inch . 
One and one half inch o r more of the carbon black modifier mix and 
three inches or more of the high stability mix were able to r esist 
above normal rutting through three years o f service. 

There 1..rere no increases in the amount of rutting from th e second to 
t he third year o f service on either type of mix at the three inc h to 
eight inch locations. 

All thicknesses of t h e carbon black modif ied mix developed less 
rutting than e qual thicknesses of t he high stability control mix. 

There 1..ras no abnormal rutting in either the carbon black or control 
mi xes where they were placed at a thickness of three i n c h es or 
greater . 

There was n o in c rease in rutting at t h e t h ree inch or greater 
t hi c kness I.Ji th either mix between the second and third years. Such 
results suggest the 4/16 inch average rutting in the con trol mix and 
t h e 2/16 inch average rutting in the carbon black mix may be the 
result of normal pavement consolidation rather t han the plas tic flow 
or migration of mix which is associated with serious rutting probl e ms. 

Recommendation 

Based upon the performance info rmation gathered through three 
years of service, it appears that removal and replaceme n t of t he 
binder and surface course with either a carbon black modifie d or high 
stability mix I.Jould prevent the reoccurance of the rutting and poor 
riding quality present on the remainder of the original 1979 
construction project . 

Follow-Up 

Ins pec tions and testing will continue on t he test sections. 

Distribution : A,B,C,D,E,F , G 
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NUMBER U90-4 

NEED FOR PAVEMENT SCARIFICATION 

References - Work P lan 86-R- 3 , U87 - 6 

Purpose - To determi ne if it is necessary to scarify a n existi ng 
bituminous pavement prior to overlaying it with additiona l s ubbase 
mater i al and a n ew pavement system to ins ure there is no slippage 
or other distortion of t h e overlay mater ials. 

History - Two 1, 000 foot test sect i ons were l eft unscarified o n 
Vermont Route 100 ( Project Stowe-Morristown· F029-1(9)(S) · in 1986 . 
The test sections are l ocated in Morristown at MM 0 . 426 - 0.615 a nd 
Mt-1 1 . 56 1- 1 . 7 5 . 

Reconstruct ion in t h e non- scarified 
placement of 6" of s ubbase of gravel, 
course , 1 l /4" of Type III binder a nd 
c o u rse . 

test sect ions inc luded 
3" of pl a nt mixed base 
3/4" of Type IV s u r face 

The scarific at i on treatment on 1 . 73 mi les of the 
in an average s i ze of 1 square foot or less 
bituminous pavement with the remai nder rang i ng up 
feet in dimension. 

project resulted 
on 50% o f t h e 

to 1 by 3 lineal 

Cost Information- The pavement scari fi cation was bid at $1.50 per 
square yard for a total o f 23,750 s quare yards. 

Initial Performance Th e fo llowing informati on s ummarizes the 
c ondition of t h e pavement at s carified and no n- sca r ified test 
l ocations through t h r e e y e ars of service . 

Pave me nt Crac k i ng (in lineal feet per 100 fe e t) 

Non-scarif ied 
Scarifi ed 

Prec onstruc tion (5/86) 
774 
776 

Pave me nt Rutting {i n 16ths of an inc h) 
No n -scn r ifi e d 7 . 6 
Scar ified 7 . 5 

3 Year Evaluati on (6/89) 
85 
94 

2.6 
3 . 2 



l '9 0- ~ 

MAYS Roug hness (in inches per mile> 
The trailer mounted MAYS meter was not available for testing prior 
to the reconstruction of the project. 

Non-scarified 
Scarified 

Miscellaneous 

2 Year Evaluation (6/88) 
68 
62 

3 Year Evaluation ( 7/89) 
80 
84 

There was no visible sign of any shoving, rippling or other 
pavement -distortion in the 1,000 foot non - scarified section~ . 

Preliminary Conclusion - Field measurements recorded ~o date 
suggest there has been no reduction in performance on the roadway 
sections where the underlying pavement was not scarified . 

The elimination of the scarification requirement should b e 
considered on future projects whic h are reconstructed to a similar 
standard. The resulting cost savings could be used to increase 
the paveme nt design thickness. 

rollow- Up - Annual inspec tions will continue for t h e life of t h e 
prcJject and reports will be prepared on a biennial schedul e . 

Dist: A,B,C, D,E,F, G, H 
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NUMBBR U90-5 

3M 350 TAPE ON OPEN GRADED PAVEMENT - I 91 LYNDON-BARTON 

(FINAL) 

REFERENCE: Work Plan 88-R-3, ~pdate U88-10, Update U90-l 

HISTORY: 

During repaving of a section of I 91 (Proj ec t Lyndon-Barton 
IR 091-3 ( 10)), an experimental durable pavement mark i ng, 3M 350 
Tape, was specified for 8" white gore markings and 4" white 
lanelines on the accel/decel lanes at interchanges 23, 24 , 25, 
and aL a rest area and two scenic turnouts o n this resurfacing 
project . 

APPLICATION: 

The experimental product was installed during a six week 
period endin g o n August 17, 1989. 

As a control , durable markings of an approved thermoplabtic 
rna ter ial were ins tal led at interchange 25 NB off ramp, and the 
Lho scenic turnouts . 

A total of 2430 LF of 8" and 2545 LF of 4" white Lape 
markings was installed . 

A total of 2499 LF of 8 " and 1152 
t hermoplast i c markings was installed. 

L F o f 4 '' w h j t. r~ 

COST : 

The price for 4" wh ite line Tape was $1.50 per LF . 
The price for 4" white t hermoplastic line was $0 . 50 per Lr. 
The price for 8" white line Tape was $3 . 00 per LF . 
The price for 8'' white thermoplastic line was $ j ' 00 per l F . 

STATUS: -·-- .... 

T h e pro j e c t w a.;; i n s p e c t (! d on January 3 , t 9 9 0 • S u b s L u n t i a I. 
loss of product hRd ocr u rred us s h own bPlow. 

8 " \~ h i t e Lap e 1 in e s - I 8% 1 o s s . 
I" La neline clashes - 52% lo~s. 
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A final inspection was co nducted on April 16, 19 90. The 
loss of 3M 350 tape had increased to the following : 

8" White tape lines - 64% ove ral l !40% to 100%) 
4" Laneline dashes - 99% loss . 

The thermoplastic gore mark i ngs s h owed no l oss and only 
mino r scuffing at some locations . 

The painted edgeli nes and centerline dashes on this project 
1.,rere all severely worn and must be rated poor to "faint" . 

CONCLUSIONS: 

The . percentage of 3M 350 pavement mark i ng tape lost after 
onl y seven months is unacceptable . Further use of 3M 350 Tape 
o n open graded friction courses is not recommended. 

FOLLOW UP : No further evaluations are expected . 

Typica l Gore Area as of Jan uary 1990 

Dis tr ibut ion A,R,C,D, E 
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NUMBER U90-6 

3M 350 TAPE ON OPEN GRADED PAVEMENT - I 89 COLCHESTER 

(FINAL) 

REFERENCE: Work Plan 88-R-4, Update U88-10, Update U90-2 

HISTORY: 

During repaving of a section of I 89 (Project Colchester IR 
089-3(14)), an experimental durable pavement marking, 3M 350 
Tape, was specified for the 10' x 4" white dashed centerlines. 
Control was to be edgelines which were painted with standard 
traffic paint. 

The application of the experimental product occurred during 
July of 1989. Fifteen thousand nine hundred LF of 4" 1"hite line 
was applied bet~"een milemarkers 92/00 and 98/00 on both north­
bound and southbound lanes. 

Performance through January 4, 1990 was reported in Research 
Update U90-2. By January 4 there had been a 33% loss of product 
on the northbound lane and a 12% loss on the southbound lane. 
Later that month a Vt. Agency of Transportation pavement marking 
crew repainted the lost dashes. 

STATUS: 

On April 9, 1990 a final inspection was performed. The 
loss of product had increased to 64% on northbound and to 35% on 
southbo und . 

COST: 

Th e price for this product was $1.50 per LF. installed for 
a total c o s t of $ 23,850.00. 

CONCLUSIONS: - - --- -

The percentag e of 31"1 350 pav e me n t markin.ro; tape lost after 
only s ev en mo n t h :::; is unac ceptable. Fu rt,h e r us F': of 3M :J 50 Ta pt:: on 
open g r<c.tded f l'i c tion c our ses i s nul recomm e nd e d. 

FOLLOW UP: Nu fur t h e r e v a lua tion i s expe cted. 

Distribution A,B , C,D,E 
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NUMBER U90-7 

PAVETECH (KOCH) BRIDGE JOINT SYSTEM I 89 BRIDGE 16 S PUTNEY 

REFERENCE: Work Plan 90-R-2; Research Report 90-2 

HISTORY: 

Bridge 16 S, I89 over Sackett's Brook in Putney was 
rehabilitated during 1988-1989. The immediate failure of the 
installed joints led to the need for replacement. A PAVETECH 
Joint had been installed on a Bridge on Route US 2 in Waterbury 
in January of 1990 and appeared to have been successful. This 
system was selected as an experimental replacement on Bridge 16 
S. The design, construction and early performance of the Joint 
in Waterbury was reported in research report 90-2 in January 
1990, and is referenced for details of this system. Recently 
KOCH inc. has acquired the PAVETECH system and it has now been 
renamed "KOCH Bridge Joint System (BJS) TM. 

INSTALLATION: 

The system which consists of a modified mastic asphalt 
binder incorporating pre-weighed select granite aggregate and 
rubberized asphalt, was installed on March 14, 1990. Two 30 ft 
long joints were installed at the abutment joints. Air 
temperature was 66+ Deg. F. The width of the south joint was 
25"+/ - and the width of the north joint varied from 30" to 32". 
The only installation problem encountered was at the northerly 
joint in the shoulder area where the pavement depth was less than 
designed. This caused the s ystem to taper from 3 to 2 lifts at 
the curb line. The syst e m representative indicated that this 
would not affect the syste m's waterproofing ability. 

COST: 

The insta llation of th is joint was performed at a per foot 
cost of $172.15 for 60 f ee t . The total cost of the contract was 
thus $10,329.00. Addit i c n a l ly,removal of the previous joint and 
traffic control by stat e f o rces was $1,519.88. 

STATUS: 

As of July 11, 1990 tbe j o ints are still flexible enough that 
an indentation can b e made by a booth e el. Under tr~ffic however, 
the indentation immed i ate l y d isappears. The joints ride well. A 
slight, built in, "hump" doe s not appear to have increased with 
span expansion with hot ~eclth er. 
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STATUS Continued 

Due to the location of the joints over the abutments, 
leakage will not be apparent unless there is visible surface 
damage such as delamination at the pavement/plug interface or 
significant cracking. 

FOLLOW UP: 

The joints will remain under observation and performance will 
be reported as significant results occur. 

PAVET[CH BINDER AND AGGREGATE 

oo 
<>o 

CONCRETE DECK ~o~ - . 
Ou Oo 

..... 0 • 

TYPICAL PAVETECH CROSS SECTION 

Distribution A,B,C,D,E 

CONCRETE PAVEM~NT 
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RESEARCH UPDATE Number U90-07 

REPAIR OF SUBSTRUCTURE CONCRETE USING SHOTCRETE 

Reference 

Work Plan 87-C&R-24 

Background 

Inspired by reports that concrete forming and placement costs for 
bridge substructure rehabilitation could be reduced with pneumatically 
applied concrete, research was initiated to evaluate the performance 
of shotcrete. 

Subsequently, it was found that Vermont was not alone in its desire to 
learn more · about the durability and integrity of shotcrete used for 
bridge repairs. Following a series of discussions involving the 
Agency, private industry and the division office of the Federal 
Highway Administration, a wet mix shotcreting demonstration was set up 
for the Northeastern States Materials Engineers Association meeting on 
October 21, 1987. 

The site chosen for the application was Bridge No. 61S over Vt. Rte. 
2A on Interstate 89 at the Williston Interchange. Gilbertson 
Shotcrete Special ties, a division of Master Builders, Inc. agreed to 
furnish the labor, equipment and materials for the demonstration at no 
cost to the State. 

A 4' by 12' section of the btittom of the northerly pier cap on Bridge 
61S was prepared by District No. 5 maintenance forces. Preparation 
included the removal of unsound and de lamina ted concrete with a 15# 
chipping hammer in an area extending 4' from the easterly nose of the 
pier cap to the mid-point between the two columns, see Figure 1. As 
much of the bottom of the cap was severely delaminated, large segments 
up to 2 square feet in area, fell to the ground with little or no 
chipping effort. A saw cut was made at the mid-point to prevent 
concrete removal beyond the scope of the project. Concrete was 
chipped out 9" to 15" up each vertical face of the cap for the same 
12' length as the bot tom. The depth of removal was a minimum of 1" 
beyond the primary reinforcing steel into sound concrete. Ninety five 
percent of the exposed reinforcing steel was visibly corroded and the 
horizontal portion of the stirrups were rusted through, see Figure 2. 
At the completion of the removal operation the entire area was sand 
blasted to remove any remaining contaminants and rust from the 
reinforcing steel. 
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At the recommendation of Raymond Towne of Gilbertson Shotcrete 
Specialties, their prepackaged cement based mortar, GS-Shotpatch 10, 
was used for the repair. Gilbertson's product literature indicates 
that "GS-Shotpatch 10 is a ready-to-use, multi component, cement based 
mortar specially designed for durable repairs or overlays using either 
the wet or dry mix shotcrete application system." Thirty cubic feet 
of this material was delivered to th~ project site in 55 pound bags. 
One bag yields approximately 0.43 ft .. 

Poor weather conditions created placement difficulties which resulted 
in a materials shortage. To complete the application, two cubic yards 
of ready-mixed mortar were delivered by the S. T. Griswold Co., Inc. 
of Williston, Vermont, the following day. The mix contained 970 lb. 
per cubic yard of Type I, Glens Falls cement and approximately 2700 
lb. per cubic yard ( SSD) of Griswold's concrete sand. An air 
entraining admixture and enough water to yield a 0. 38 water/cement 
ratio was added at the batch plant. 

In conjunction with the GS-Shotpatch 10 mortar and the ready-mixed 
mortar, Gilbertson's HPS Shotcrete Accelerator was incorporated into 
the mix at the nozzle. HPS Shotcrete Accelerating Admixture 
reportedly improves surface bond, decreases rebound and improves early 
strengths. It was used at a dosage rate of 3% by weight of cement. 

Application 

The shotcrete application was performed by United Gunite of Irvington, 
New Jersey. They used a Kaiser brand mixer and screw pump to deliver 
the concrete through a hose to the nozzle. At the nozzle, compressed 
air was injected into the material flow along with the set 
accelerating admixture. 

Alt~ough the positive displacement pump was capable of djscharging 7 
yd. /hr. the rate of application was between 1/4 yd. /hr. and 1 
yd. 3 /hr. . The GS-Shotpa tch 10 was placed in the mixing hopper, see 
Figure 3, along with approximately 0. 7 gallons of water per 55 lb. 
bag. Each batch was thoroughly mixed before being dumped into the 
pump. When the ready-mixed mortar was applied, the mix was discharged 
from the truck directly into the mixing hopper and then into the pump. 

The GS-Shotpatch 10 mortar was pneumatically applied to the pier cap 
on the afternoon of October 21, 1987. As temperatures were in the 
40°F to 45°F range, the nozzleman had some difficulty with bond when 
material depths became too great, see Figure 4. When the supply of 
GS-Shotpatch 10 was depleted, the shotcreting operation was 
discontinued until the following day. The repair was completed with 
the ready-mixed mortar which was delivered in two one cubic yard 
loads. 
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Following the completion of the troweling operation, the entire 
surface was covered with a liquid membrane curing compound, see Figure 
5, and insulating blankets to protect the shotcrete from excessive 
evaporation and freezing temperatures. The overnight low temperatures 
on the 22nd and 23rd of October were 28°F and 26°F respectively. 

Test Results 

All specimens were cast in a vertical position using Gilbertson 
Shotcrete Specialty's GS-Shotpatch 10. Fabrication was completed with 
the same equipment and procedures used on the substructure repair, see 
Figure 6. 

Given in Table 1 are results of testing for compressive strength, 
resistance to chloride ion penetration and freeze-thaw durability. 

Ten 4" diameter cores were extract.ed from two 18" by 18" unreinforced 
test panels measuring 6" in thickness. The cores were tested for 
compressive strength ( AASHTO T24-86} at 7, 14, 28, 56 and 90 days 
following standard moist curing. 

Compressive strength of the cores were 10 to 25 percent higher than 
typical values of 6" x 12" cylinders representing Class AA, Portland 
Cement Concrete currently used for structural repairs. 

After 14 days of moist curing and 28 days air drying, the two 
specimens to be used for determining resistance to chloride ion 
penetration were tested for base level chloride ion content. Upon 
completion of 100 days of continuous ponding with a 3% NaCl solution, 
the specimens were resampled for total chloride ion content at depths 
of 0.25" to 1 11 and 1 11 to 2 11

, in accordance with AASHTO T260-84. 

The two specimens used to determine freeze-thaw durability were cycled 
from 40°F to 0°F and back to 40°F in a 3% NaCl solution 300 times 
following an initial 14 day moist curing period. The 3" x 3 11 x 16 11 

samples were tested for weight loss and fundamental transverse 
frequency at 50 cycle intervals (AASHTO T161-86}. 

Results of both chloride ion penetration testing and freeze thaw 
evaluations compared favorably with previous studies conducted with 
Class AA concrete*. Freeze-thaw durability and permeability of the 
GS-Shotpatch 10 mortar was essentially equivalent to the Class AA 
concrete. 

*Research Update Number 89-1 
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A field inspection of the project conducted on April 23, 1990 revealed 
a series of hairline cracks spaced at 10 to 15 inches along the 
vertical faces of the pier cap. Cracking extended down one face of 
the patched area across the bottom of the cap and up the other face. 
The cracks were interconnected in a random pattern on the bottom. The 
exact cause and depth of the cracks is unknown. In general, the finer 
the aggregate in the mixture, the more likely shrinkage cracking will 
occur. As the outer portion of the repair contained no material 
coarser than the 3/8'' sieve size, this is one possible explanation for 
the cracldng. 

Soundings taken on the entire repair area indicated one delaminated 
section measuring 20" by 23" located 40" from the east face of the 
westerly column. The remainder of the shotcrete appeared very solid 
and quite well bonded despite the extremely poor condition of the 
adjacent concrete and the undesirable weather during application. 

Recommendations 

The use of pneumatically applied concrete should be permitted on a 
full scale rehabilitation project where the application and 
performance can be closely monitored. The shotcrete contractor should 
be prequalified and use of an accelerating admixture considered 
mandatory. Although no application was made with silica fume, this 
admixture should be given serious consideration when shotcrete is 
specified. 

Until the Agency has gained experience with the dry mix process, the 
recommendations herein apply only to the wet mix process. 
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TABLE 1 

GS-SHOTPATCH 10 (SHOTCRETEl MORTAR 

Compressive Strength, Freeze-Thaw Durability 
and Chloride Ion Concentration Test Results 

Compressive Strength, psi 
7 days 

14 days 
28 days 
56 days 
90 days 

Resistance to Freezing and Thawing 
Weight Loss, % 

@ 300 cycles 

Durability Factor 
@ 300 cycles 

Chloride Ion Penetration, 
PPM(lb./cy) of Concrete 

Base Level 

100 day Ponding 
1/4" to 1'' depth 

1" to 2" depth 

GSlO-A 
~~---

5670 
6310 
6510 
6050 
7410 

5.2 

113.5 

132(0.5) 

692(2.8) 
172(0.7) 

GSlO-B 
---~-

5170 
5830 
6460 
6970 
7010 

5.2 

114.1 

136(0.5) 

556(2.2) 
148(0.6) 

Qlass_AA 

4310 
5150 
5960 

3.8 

103.4 

47(0.2) 

918(3.7) 
110(0.4) 
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FIGURE 1 

Pre parat ion of Ex isting Conc rete Substructure 

FIGURE 2 

Pr e p a red Surface 
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FIGURE 3 

Mixing/Pumping Operation 

FIGURE 4 

Shotcrete Application 
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FIGURE 5 

Co mpl e ted Repair 

FIGURE 6 

Test Specimen Fabrication 
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RESEARCH UPDATE Number U90-8 

THORMA-JOINT BRIDGE JOINT SYSTEM 
(Initial Report) 

REFERENCE: Work Plan 90-R-03 

HISTORY: 

Due to failure of many bituminous joints on briages in the state 
of Ve~mont, inve:::tigations of possible a.l t•~rnate joint systems aro 
being ~onducted. The Thorma-Joint Sjstem, applied on bridge #16 north 
on l-91 in Putney , Verr:~ont by Linear Dyn .qmics Inc. (;:.or), is une of 

Ghe D.~tarnates. 

DESCRIPTI()N: 

The twl' joi; tt"> we~·e located at the abutments o~ brid:;e #16 norLh. 
the hridgc has a reinforced cuncrete dec k overla1d ~ith bitu~inous 

conc:r,~te pav ;o.:- mer:t. The joints are 35' iong at !'. ninety degree angle 
to thd ~enter of ~he Jeck. 

The joints h'erc over laid hi th ast,)h'\l t pdver.,ent in tL2 same r..an;t,.;~· 

as the re.:;t of the deck prior to the 'TlJo~· t; .. l-,!o:ir:t-. ~.pplication. ln 
preva;:-JI,tlon for· joint instalL1t.ion saw C"ts :::O' a:Jal't and -~·· deep h'~ re 
made e~ual distance from the center Jf ~he joint. Since waterpruofin~ 
membra ne hacl 'tlre-1Jy heen 1r.stall:.c cl 0T. th2 ri.eck, ~t ~<'as b:...rnerl off 
3:te~ thL saw cutt iGg process. 

COST: 

T l1c ~wo Thorma-Joi~t ~ wer~ in:;t~lled at a cost of $13,500.00 (cr 
$192.50 per linear foot f<>r the basic: joint syster.t) plus an additional 
$~,1 7 1.00 for a d~s i gn modificati o n. 

INSTALlA TION: 

Ti<•' joi.tt installat i on, c~ Ull!l! L• ' Ce(( i n Gt:~ day G_-y- a 4-.:>E::r:;on 
rro!r I rn , 'IF!S per ... or·med or : ful y li' 1990 1¥i Lh c l·~c.:· skies and 
t . emp2 r.ct ~ ll•.- e of 75 to tl!) de.>;n~es F. 

Ti1t:: sa;.· c11:·t ins '-'n r he .J o~n •. ·, st.,1.l't. P :i nt 8:~10 a.m. nne! 
e; u ,r.• .i< ':_ ,_;:-~ b;.· iCJ: c~~ . t. rn. T·..,·o ~-par-ailel sn~ : cuts ~~er·l? made 10'' 
t he ~E<lL er c•f che joi ni:.3 'J t. a clerth cf 4" (t'X":e[J L· ,-,n pa r·t ot 
qo u-t- hc rl ~-.i .~ ci rt ;..,• her~: the pav~w:ct .. ·a.:; U-:. 1c:kPt' ::~nd r e quir e d a cut 
de ~-i~h \Yr· ~, "). 

air 

\'."13 

f t'CJ1:l 

t 'lP. 
to a 
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Pavement removal began at 10:15 a.m. Concrete debris and 
residues from jackhammering were removed manually, and the open trough 
was air blasted clean. During removal of the sawed pavement at the 
southerly joint, the blast cleaning process delaminated the pavement 
course and broke the bond between base course of asphalt and the 
waterproofing membrane. The debonding occurred in the vertical face 
of the deck pavement. 

The membrane on the bottom of the southerly trough was burned 
with a 1200 degree F lance to remove the membrane and asphalt residue. 
A 2" gap in the center of the joints was revealed. 

One half inch aggregate was heated in a truck mounted drum mixer, 
to a temperature of 500 degrees F. The specified temperature is 375 
degrees F, but 500 degrees F was used first in order to heat up the 
second drum mixer before the hot aggregate and rubberized bitumen 
binder were combined. The hot aggregate was then transferred to the 
second drum mixer, located at a lower position behind the truck. 

The rubberized bitumen bindet, preheated to 350 degrees F, was 
applied and uniformly poured into the joint over a blue board backer. 
Steel plates, 6" wide and 4'- 3" long with predrilled holes 7" center 
to center were put over the movement gap. Nails were pushed through 
the holes in the steel plates in order to keep the plates centered. 
~lore binder was then poured and squeegeed on the top of the plates 
until the plates, and all the surfaces of the trough, were completely 
covereJ to a depth ot 3/8". 

and The 1/2" heated aggregate and the hot binder were mixed 
poured into the joint in two 1'' lifts. A layer of pure binder 
applied between lifts. After the top course was installed, the 
was cooled down with water prior to thorough compaction, 

was 
joint 
by a 

vibrating plate compactor. No roller was used. 

A final layer of binder was applied on the top of the joint by 
2:30 p.m. The surface of the joint was flat, but not quite smooth. 
The samP procedure ~o~as follo~o~ed on the northerly joint later that day. 

STATU~ 

Due to the location of the joints over the abutments any leakage 
which may occur will not be visually apparent. The joints will be 
monitored visually for signs of surface damage such as delamination at 
the pavement/plug interface or significant cracking. The bridge has 
been open to traffic for a few days ~o~ith no apparent distress. 

The joints w1ll remain under obRervation and reports will be 
prorlurPd as needed whPneveP significant data is obtained. 

Distribution A,B,C,D,E,F,G 
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NUMBER U90-9 

PAVETECH (KOCH) BRIDGE JOINT SYSTEM FAILURE-WATERBURY 

REFERENCE: Work Plan 89-R-12; Research Report 90-2 

HISTORY: 

On December 15, 1989 a PAVETECH Bridge Joint System was 
installed in . Bridge #44, US-2 over the Little River in Waterbury 
Vt. 

The weather was severe with air temperatures of -8 degrees F 
at 7:30A.M. The installation of this joint was described in 
detail in Research Report 90-2, Jan 1990. 

Since the-installation of this joint, KOCH Mfg. Co. of 
Stroud Oklahoma has acquired the rights for the system and it is 
now called the KOCH Bridge Joint System. 

By January 1990 some deterioration of the binder/grit 
wearing course had been noted, probably due to snow plow damage. 

Un January 18, 1990, following heavy rainfall, water was 
noted dripping from a plastic trough, which had been previously 
ins t alled belm.; the joint. It was theorized at that time that 
the wate r might be corning from the unsealed curb. 

On February 9, 1990 the joints in the vertical granite curb 
were sealed with bridge membrane and water was poured on the 
joint . AT 10:15 A.M. 95 drops per minutes were observed falling 
from th •" e nd of the trough and by 10:30 a steady stream of water 
was pouring from the end of the trough. 

On !•lay 8, 1990 another test was made. The bridge was dry 
and Hater '"as appli e d with a garden sprayer. The test began at 
9:40 A.M. By 10:15 water was dripping from the trough at approx. 
1 drop pRr second. By 10:40 A.M. a steady stream was running 
from the trough. Testing was completed at 1 P.~l. It was 
concluded that the joint was leaking. 

On May 15 , 1990, three 4" diameter cores were taken from the 
joint. Evaluation of one taken at the joint/asphalt interface 
rev e alect a l oss of bond between the pavement and the J.oint . 
rna.t e ri.al. The other cores revealed that some aggregate was 
poorly G0a l ed with binder and there were many visible voids. One 
of th e other tw o c ore s was taken in a crack at the edge of a 
distreascd area o n the surface of the joint. The crack was full 
depth. 

STATUS: 

On !.ng us L 2, 1990 t he entire joint was r emo ved and replaced 
by the c r ~ ~i na J pt·opo nent Davis & Swanson of Ti lt o n N e~ Hampshire 
along 1 it :, th e KOCH Te c hni_cal represenLati.ve Nr. R:i_chard J. 
Baker. 
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STATUS Continued 

During removal of the original joint it was noted that much 
of the aggregate was not coated (although it had appeared to have 
been coated when installed). Ther~ was water between the joint 
and the concrete slab in many areas. Some of the concrete 
surface was powdered and showed lack of bond to the deck although 
the dust and small particles were bound into the binder. The 
binder material was well adhered to the steel plates. One 
complete full depth cross section was removed intact. Even this 
complete section revealed uncoated stones, voids, and 
delamination between courses. 

The jackhammering of the old joint caused some damage to the 
surface of the concrete. 

Reinstallation of the joint proceeded in the same manner as 
the original installation. 

PROBABLR CAUSE: 

Even though it had previously been believed that the system 
could be installed in any weather, evaluation of the failure by 
the Manufacturer's (KOCH) personnel and Materials & Research 
division led to the conclusion that the probable cause of the 
failure was the severely cold (-8 to +20/- Degrees F ) and wet 
condition of the bridge during installation. 

The bridge was frozen (December was a record cold month) and 
the attempt to dry the concrete with the 1200 Degrees F lance was 
unsuccessful although the surface appeared dry. Frost within the 
concrete was thawed but the moisture present in the air and deck 
immediately condensed and may have frozen causing a frost plane 
at the interface of the binder and the asphalt and concrete 
surfaces. 

The lack of aggregate coating may have also contributed to 
the failure and occurred because the stone absorbed moisture 
while being heated. The binder may then have flowed around but 
not been absorbed into the surface of the stone. The process of 
flooding with binder to fill the voids was also partially 
unsuccessful, probably due to rapid cooling of the binder in the 
sub freezing air temperature. 

The manufacture representative, the contractor and R&D are 
now in agreement that this system should not be installed where 
air and deck temperature are below 40 Degrees F and rising. 

FOLLOW UP: 

The evaluation will continue with observation and evaluation 
of the performance of the newly reinstalled joint. 

Distribution A,B,C,D,E,F,G 
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NUMBER U90- tC 

PAVETECH (KOCH) BRIDGE JOINT SYSTEM I 89 BRIDGE 16 S PUTNEY 

REFERENCE: Work Plan 90-R-2; Research Report 90-2 

HISTORY: 

Bridge 16 S, 189 over Sackett's Brook in Putney was 
rehabilitated during 1988-1989. The immediate failure of the 
iristalled joints led to the need for replacement. A PAVETECH 
Joint had been installed on a Bridge on Route US 2 in Waterbury 
in January of 1990 and appeared to have been successful. This 
system was selected as an experimental replacement on Bridge 16 
S. The design, construction and early performance of the Joint 
in Waterbury was reported in research report 90-2 in January 
1990, and is referenced for details of this system. Recently 
KOCH inc. has acquired the PAVETECH system and it has now been 
renamed "KOCH Bridge Joint System (BJS) TM. 

INSTALLATION: 

The system which consists of a modified mastic asphalt 
binder incorporating pre-weighed select granite aggregate and 
rubberized asphalt, was installed on March 14, 1990. Two 30 ft 
long joints were installed at the abutment joints. Air 
temperature was 66+ Deg. F. The width of the sou~h joint was 
25"+/- and the width of the north joint varied from 30" t.r- 32". 
The only installation problem encountered was at the northerly 
joint in the shoulder area where the pavement depth was less than 
designed. This caused the system to taper from 3 to 2 lifts at 
the curb line. The system representative indicated that this 
would not affect the system's waterproofing ability. 

COST: 

The installation of this joint was performed at a per foot 
cost of $172.15 for 60 feet. The total cost of the contract was 
thus $10,329.00. Additionally,removal of the previous joint and 
traffic control by state forc es was $1,519.88. 

STATUS: 

As of July 11, 1990 the joints are still flexible enough that 
an indentation can be made by a bootheel. Under traffic however, 
the indentation immedj.ately di s appears. The joints ride well. A 
slight, bui 1 t in, "hump " does not appear to have increased with 
span expansion with hot weather. 
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STATUS Continued 

Due to the location of the joints over the abutments, 
leakage will not be apparent unless there is visible surface 
damage such as delamination at the pavement/plug interface or 
significant cracking. . 

FOLLOW UP: 

The joints will remain under observation and performance will 
be reported as significant results occur. 

PAV[T[CH BJNO[R AND AGGR 

CONCR£TE PAV~M~NT 

oo 

CONCR[T[ 

TYPICAL PAVETECH CROSS SECTION 

Distribution A,B,C,D,E 




