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ABSTRACT
The Iowa Department of Transportation used a high molecular weight methacrylate (HMWM) resin to seal a 3,340 ft. x 64
ft. bridge deck in October 1986.

The sealing was necessary ~o

prevent deicing salt brine from entering a substantial number
of transverse cracks that coincided with the epoxy coated top
steel and unprotected bottom steel.

HMWM resin is a three component product composed of a
monomer, ·a. curnene hydroperoxide initiator and a cobalt
naphthenate promoter.

The HMWM was applied with a dual spray

bar system and flat-fan nozzles.

Initiated monomer delivered

through one spray bar was mixed in the air with promoted
monomer from the other spray,bar.

The application rate aver-

aged 0. 95'6 gallons per 100 square feet for ·the tined textured
driving lanes.

Dry sand was broadcast on the surface at an

average coverage of 0.58 lbs. per square yard to maintain
friction.
Coring showed that the H.MWM resin penetrated the cracks
more than two inches deep.

Testing of the treated deck

yielded Friction Numbers averaging 33 with a treaded tire cornpared to 36 prior to treatment.

An inspection soon after

treatment found five leaky cracks in one of the 15 spans.

One

inspection during a steady rain showed no leakage, but leakage
from numerous cracks occurred during a subsequent rain.

A

second HMWM application was made on two spans to determine if
a double application would prevent leakage.
has not been completed.

This evaluation
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v.

PAGE 2

J.

High Molectilar wsight M~thacryiate
Sealing of art l:owa Bridge Oeck
PAR:T

The

:t .... IN!TIAL APPLICATION

us

136 bridge over the Mississippi River at :Rieokuk; Iowa,

is a 1.$· · span 3, 34 0 ft.. x 64 ft. co·ntinuous. welded plate. girder
bridge.

!twas designed by Howard, Needles, Tammen·and

Bergendoff of rartsas City,

Midsouri~

Belvid~:te,

Shappert Engineering .. company of
and 1985.

and constructed by·· ·
!liinois, in 1984

InspectiOn of the construction wa·s by Howard, Nee-

d.les, Tarrtrrteh and Bergendoff.

The ·bridge was opened to traffic·

The bridge deck placement began N6vember 6, 1984, and was com-·
~leted

August 15, 1985~

The dAck was placed in 16 sections

beginning on the Iowa side of the· river. ·'!'he concr·ete was
t~lescoping b~lt

placed east to west in each section using a
conveyor and a full wid.th. finishing machine.

The completed

portion of the deck was used as the work area for unloading
cortcrete trucks when placing

th~

next section and for storage

of equipment.

very f'ine, tight transverse cracks in the deck were observed
before deck placement had

b~en

completed.

Further observatiort

revealed that t:Ke cracks were·fuli.depth of the deck and during periods of rain, water was observed dripping from the

. . .~~.·

Marks,
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The combined ef,fects of stresses from drying

shrinkage and changes in moment from concrete placement are
the apparent cause of the cracking.

As the moisture dripped

and evaporated from the bottom of the deck, an efflorescent
deposit was left on the concrete.

It was determined that at

least 215 cracks allowed water to pass through the bridge
deck.

It was also determined that the cracks coincided with the location of the transverse reinforcing steel.

This would allow

corrosive deicing salts to reach the uncoated bottom layer of
transverse reinforcing steel which is directly below the epoxy
coated top layer.

The deicing salts could also contaminate

the supporting girders causing them to corrode.

In an attempt to determine a method for preventing the intrusion of water into the cracks, three conventional sealants

I

were applied on small areas of the bridge deck.

Two of the

sealants were very fluid and could be applied by spraying or
brooming while the other one was quite viscous and was applied
to each crack with a squeeze bottle.
the

crack~

This was impractical as

were very difficult to follow due to the deep

transverse tined texture of the deck.

Although all three

sealants penetrated into the cracks, none prevented the passage of water through the cracks.

I

I
I
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In

F~bruary

1986 it was decided to investigate the use of HMWM
1

resin as a deck sealant (1).

The California Department of

Transportation had made successful

expe~imental

applications

of HMWM resin (2) and had develope-d specifications.

HMWM resin was obtained from two suppliers for experimental
purposes.

The resins were mixed and applied by hand to three

50 ft. long sections in the inside lane of the eastbound
roadway.

Sand was sprinkled on the

tn~ated

sections to main-

tain friction quality.

A steady rain occurred early the morning after application of

'·

the HMWM and observation from a catwalk beneath the bridge revealed water along the cracks in the treated areas as well as
the untreated area.

The question then became did the treated

cracks leak or did the water come through untreated.cracks and
m6ve laterally along the bottom of the treated crack? . A ponding test was conducted and the treated sections did leak, although not as quickly as the untreated section.

The ponding

test also showed that leakage would occur on both treated and
untreated areas in the morning and the leakage would cease in
the afternoon.

One explanation of this unexpected develop-

ment, is a more rapid temperature rise (and corresponding expansion) of the concrete deck than of the steel girders.

Two HMWM formulations were then applied as a single application and a double application.

These applications were com-

I
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pleted by 7:00 a.m. before· the deck

temper~ture

had risen.

All HMwM treated areas were sprinkled with sand to maintain
friction.

Pending tests early the next morning revealed

slight leakage through the single application areas and no
leakage through the double application areas of HMWM.

Friction of treated areas was tested with an ASTM

E-~74

fric-

tion test trailer and was deemed satisfactory.·

With the information obtained from the field trials on·the
bridge deck and experiences of other Departments of Transportation, it was decided that a single application of HMwM resin
applied when the deck temperature was relatively cool would be
sufficient to prevent deicing salts from reaching the uncoated
bottom layer of reinforcing steel •

. The bridge contract with Shappert Engineering Company had not
been closed, so it was decided to apply the HMWM resin by extra work order to the existing contract.

The Califbrnia DOT specification for "High Mblecular Weight
Methacrylate Bridge Deck Treatment" was obtained and Iowa· DOT
Special Provision 668, "Special Provision for High Molecular
Weight Methacrylate" was developed.

M.arks,

v.
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Tha dpecial provisioh

u~ed

far this project was:

special Provision 668 . . . Special :Pr·ovision for Il'iqh Molecular
weigh{ Methacl:ylate Bridge Deck Treatment; August 5, 198:6.

The standard specificati6ns, series of 1984 ;, are
the following additions.

amend~ed

by

These are special pr6visions\, and

they shall prevail ove·r those published in the standard Specifications.

: ~;

668 • 01
th~

This

O:ESCiti:PTION.

pottland 6ement concrete

~ark

shall consist df preparing

surfa~e

and furnishing and

apply~·

ing High Molecular· we5_ght Methacrylate (HMWM) treatment materials.

668 •. 02

MATEittA-LS.

!

crete shall be a

I
I

forminq to the

I
I
I

1o~

The material t1;sed for treating the conviscosity, non-fuming, HMWM resin con-

folio~ing~

HIGH MQ;LECUJ,_,AR WE:,l:GJ.iT.

Viscosity:

METHA~RYI.~T.E.

RE$IN

tess than· 25 cps (B'rookfield RVT w/UL

I

I

adap·to:t 50. RPM

@

77°F) Calif. Test 434

I

@ 77°F

~ ~

Specific Gravity:

l.d2 t6 1.08

ASTM D 2849.

Flash Point:

Greater than 2-00 6 F (Pinsky-Martens CC)

.:.:_;
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Less than l.O·mm Hg@ 77°F-- ASTM.

Vapor Pressure:

D 323

Transition Temperature: Higher than 58°C - - ASTM D 3418
Tg. (DSC)

A compatible promoter/initiator system shall be capable of
providing a resin gel time of not less than 40 minutes nor
.;;
.: .

more than 1 1/2 hours at the temperature·of application.· Gel
time shall be adjusted to compensate for the change in temperature throughout treatment application.

The Contractor shall arrange to have a technical representative

on~site

abilit~,

to provide mixing proportions, equipment suit-

and safety advice to the Contractor and

Enginee~.

The promoter and the. initiator, if supplied separate from the
resin, shall not contact each other directly.

Cotitainers of

promoters and initiators shall notbe stored together in a
manner

t~at

will allow leakage or spillage from one to contact

the containers or material of the other.

A Material Safety Data Sheet (MSDS) shall be furnished
HMWM resin to be used on this project.

fo~ t~e

A certification show-

ing conformance to these specifications shall be provided with
each batch of resin.

The following materials are approved as

HMWM treatment material.

PAGE 8
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Brand

Address

Compcmv
Rohm and Haaa:company

Spring H6use, PA

Rohm and Haas Company

19477

PCM-1500

727 Norristown, Road
Spring House, PA

19477

RS-200W

P.O. Box 18922

Revolan

San Jose, CA

Adhesive Engineering Co.

95158

1411 Industrial Road
San Carlos, CA

The

PCM-1100

727 Norristown Road

Concr~sive

94070

s~nd shal~ b~ an aggregat~ confcirming to the qu~ii~y ~e

quirements of Section 4110, "Fine Aggregate for Con~rete" ,: 'of'
the Standard Specifications and shall conform to the·. following
limits. for grading:
..

% Passing Max.

Sieve Size
No. 4

100

No. 8

90-100

No. 16

0-15

No. 50

0-5

It is the intent:j.on of this speqification, t.o allow the.use of
conunercially avq.i],a.ble bJ,.a::;t sanQ.s

ot

No. #8/20,
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668.03

SURFACE PREPARATION.

Concrete surfaces shall be

prepared by air cleaning the entire deck surface to·be treated
and blowing all loose material from visible cracks using highpressure air.

All accumulations of dirt and debris shall be

removed from the surface.

The surface to be treated shall be

dry (visual inspection) and above 40°F prior to resin application.

668.04

APPLICATION OF HMWM.

The rate of application of

promoted/initiated resin shall be approximately 100 square
feet per gallon in a single application; the exact rate shall
be determined by the Engineer.

The application may be made by machine, using a two-part resin
system utilizing a promoted resin for one-part and an initiated resin for the other part.

The pressure at the spray noz-

zle shall not be great enough to cause appreciable atomization
. of the resin.

Compressed air shall not. be used to produce the

spray.

The quantity of initiated, promoted resin shall be limited to
5 gallons of mixed resin at a time for manual
t.

app~ication.
~

A

signific~nt increase in viscosity prior to proper penetration

shall be cause for rejection.

The treatment shall be applied

within 5 minutes after complete mixing.

'. ,·

'!'fie< cieck and sidewalk are to rec-eive tite FIMWM re·s·if:i treatment.

The

sur·tace~s

shaii

~e

cation·.

shaii be fioeded w'itl'i resin, aii<:>wing

reEi:ist:r·±i>ut:eci by br0'6ms wi tf.i1J:f 5

pen~tra.t1on

~·it'iute's· .~tfter

a:.ppii--

durbs and raiis a:t'e n0t: to rece':L ve thl.s t:r·eatm~nt;

r·easoriahi.e. eare shaii Be· taken t:o keep these·

i:::lroadcast""'t:ype seecier/spteadef.

sur:fa~~·s:

{r::·e·e

a.iiow§, sand

t:f cure time

shaii 8e piaceci 25 to 35 mih'ute's after the resin fia,s been applied.· artd before any getiing cYf -the resin

0ccttts.~

Ti:ie:· sand

shal-f. Be· dried artcf shaii iiave a:: max-imum t.at:a:i moisture c6rttent
of ies·s thiH'i

o. §

of· tJre a·ggreqate il:bsorptiort cie·termined in ac-

cordance w'it.:h fowit

sorh3~a·ie mean~s

tahorat:or~'

Te'st Me·-thod. 2d2'.

to p·:rete'dt- persons' a:ila

''~11:fcies

:from inju::ty or

daf!lage t:hat migh-t occur fie·cati:se a:f his operations..

During the

eortstruc}tion, ·bhe con:t:r·ac£of shai1 ·provide f:fuch traffic con~:to-1

as reqiii,fe'd by -tiie· coti-Eraat d:octimen-es.

:tow'a o·oT' standard

''·:'';".-'

Marks,
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The road shall be kept open to traffic unless otherwise directed by the Engineer.

~xcept

when

~n

accelerated work

schedule is required, no work will be permitted on Sundays and
holidays.

The Contractor may restrict traffic but shall per-

mit traffic to pass safely at all times, except for occasional, unavoidable interruptions.

Application of HMWM materials shall be made between the hours
of 11:00 p.m. and 7:00 a.m.

HMWM Treatment of the entire

bridge deck shall be completed between April 1 and October 31.
The temperature of the surfaces to be treated shall range from
40°F to 100°F.

Care shall be exercised to prevent spillage of

HMWM material or solvents into waterways.

Solvent for cleaning and flushing of equipment, tools, etc.,
shall be used in such a manner to minimize personal and environmental hazards, as approved by the Engineer.

A soap and

water wash station shall be provided for the workers at the
job site.

Traffic shall be permitted on the treated surface when the
sand cover adheres sufficiently and there is no tracking of
HMWM material.

Particular care shall be exercised when there

is a possibility of tracking material on asphaltic concrete at
the end of the bridge.

......--------,--------------------
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668.07

METHOD OF MEASUREMENT.

The area treated will be

calculated by the Engineer, based on plan dimensions, and will
be paid for as HMWM Bridge Deck Treatment.

Furnishing the high molecular weight methacrylate resin will
be measured by the gallon of mixed material actually placed;
by count.

No payment will be made for material wasted or not·_

used in the work.

668.08

BASIS of PAYMENT.

The contract price paid per

square foot for HMWM Bridge Deck Treatment shall include full
compensation for furnishing all labor, materials (except
treatment resin) tools, equipment and incidentals, and for doing- all the work involved in preparing concrete surfaces,

ap~
'

plying treatment material and sand, providing a technical
representative, and clean up, as specified herein and as directed by the Engineer.

The contract price paid per gallon for Furnish HMWM Bridge
Deck Treatment Material shall include full compensation for
furnishing all resin treatment materials to the site of the
work, ready for application, as specified herein and as directed by the Engineer.

Two changes to Special Provision 668 are proposed for future
HMWM treatment projects.

In section 668.03, the modification

would read "The surface to be treated shall remain dry for 24
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hours and above 40°F ,prior to resin application".

The period

when the treatment would be allowed in Section 668.06 would
change to "between April 1 and September 30".

MATERIALS
The contractor opted to use RPM-2000W produced by Revolan Sys.tems, an approved equal to one of four HMl-JM resins from three
suppliers allowed by Special Provision 668.

It is a three

component system composed of a monomer, a cumene hydroperoxide
initiator, and a cobalt naphthenate promoter.

Two ounces of

promoter and two ounces of initiator were added to one gallon
of monomer as recommended by the producer.

The dried sand required for maintenance of friction was a natural sand from Northern Gravel at Muscatine, Iowa.

The gra-

dation is in Table I.

EQUIPMENT
The system used for the application of the HMWM was developed
originally by Leo Ferroni, formerly with the California DOT,
now a Technical Consultant.

The system was transported on a four-wheeled flatbed trailer
pulled by a small farm tractor.

Barrels of resin and two. pos-

itive displacement pumps were placed on the bed of the trailer
and two spray bars were mounted horizontally parallel to each
other across the rear of the trailer (Figure 1).

Each bar had

PAGE 14
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12 nondrip, flat-fan nozzles spaced 12 inches apart.

The noz-

zles of e~ch bar were connected in series with flexible tubing
and then connected to a pump.

The positive

displ~cement

fea-

ture of the pumps was negated by a pressure .regulated recirculation system.

The parallel spray bar mixed the HMWM in the air by having the
nozzles tilted so that the fan shape of the front and rear opposing 110Zzles.intersected about three inches above the deck
surface.

One bar sprayed from a barrel that had monomer mixed

with the iriitiator required for two barrels and the other bar
sprayed from a barrel of monomer mixed with the promoter required for two barrels.

Also mounted on the trailer were floodlights for nighttime operation

A rotary power broom., hand brooms, and shovels were used to
clean the deck.

An air compressor furnished air for final

cleaning.

Two lawn-type broadcast fertilizer spreaders were used to
spread the dry sand.

DECK PREPARATION
A rotary power broom was used initially to remove sand and to
loosen dirt from the bridge deck.

Stiff bristle hand brooms

PAGE 15.
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were used to loosen the·dirt in the

tran~~erse

grooves.

brooming, the deck was blown clean with compressed air.

After
The

deck was usually cleaned ii1 the morning and sealed that night.
When the sealing was. more than 24 hours after cleaning, recleaning with hand brooms and compressed air was required.

Styrofoam was cut to fit tha drains and sealed·with caulking
compound to prevent the HMWM resin leaking into the river.

HMWM RESIN APPLICATION
Special Provision 668 limits application to the hours between
11:00 p.m •. and 7:00 a.m-.

It was decided to allow application

until 8:00 a.m. and also agreed that the bridge deck surface
would be dry for 24 hours prior to sealing.

In preparation for a September 17. application, the

syste~

was

calibrated using water instead of HMWM resin for a fan width
of 12 inches from each nozzle.

Nozzle delivery tables showed

this to require about 20 psi pressure with the resin at about
65°F.

Two barrels.of monomer were prepared for application

but the planned September 17 application was cancelled because
of rain and there continued to be rains throughout September
and into October.

The first application of HMWM was on October. 7, 1986.

The op-

eration began by 4:00 a.m. with a calibration chedk in the
contractor's staging area.

It

w~s

observed that the system

c-------------------------------:--------~-----
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would not produce the required 12 inch fan pattern.

This was

attributed to-the material being more-viscous at the current
temperature of 45°F than the 65°F temperature at the time of
the original calibration.

The pressure was increased to 35

psi to obtain the 12 inch fan pattern and application began on
the outside westbound lane.

The HMWM was sprayed 11 feet wide and was broomed to make an·
application width of 17 feet (Figure 2).

The intended appli-

cation rate was one gallon of HMWM per 100 square feet.

With

constant pressure, the application rate was regulated by the
forward speed of the tractor.

The amount of HMWM resin in the

55 gallon drums prior to and after treatment of a section was
estimated after determining the depth remaining with a rod.
Travel was intended to be 60 feet per minute.

This resulted

in an application rate of 1.304 gallons per 100 square feet.

The speed of the farm tractor was increased for the application of the second 100 gallons of HMWM resin to reduce the
rate of application.

The travel speed was too fast resulting

in-areas with insufficient resin and the equipment was moved
back to touch up those places.

For subsequent applications,

the travel speed was adjusted to give sufficient resin as determined by observation.

Sand was applied about 90 minutes after resin application due
to the very cool temperature delaying the gel time.

The air
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and deck temperature during the application ranged between
48°F and 55°F.

Higher temperatures would have reduced the gel

time of the resin allowing sand to be spread sooner after application.

,· \
The sand was spread with two broadcast type lawn fertilizer
spreaders.

Various speeds and transverse spreader locations

were tried until the desired

cove~age

was obtained.

erage. varied between 0. 51 lbs. and 0. 61 lbs.

Sand cov-

per square yard

with the average being 0.58 lbs. per square yard on the deck
and 0.52 lbs. per square yard on the sidewalk.

This sand was

intended to provide temporary friction properties until the
HMWM coating was worn away.

The eastbound inside lane was sealed on October 8, 1986.

The

areas that had been previously treated for ponding tests were
not retreated.

The outside eastbound and the inside westbound

lanes were treated October 10, 1986.

The sidewalk was treated by applying the resin with garden
sprinkler cans and spreading with squeegees and brooms.

The

application rate averaged 0.896 gallon per 100 square feet
which was slightly less than the 0.956 gallon per 100 square
feet on the driving portion of the deck which has
ture.

~

tined tex-

f'

PAGE 18
Marks, V. J.

It was at least 24 hours after treatment before vehicle traffie

~as

allowed on the bridge.

There was minoi tiacking, but

no adverse effects were observed because of tracking.

COST
The cost of sealing the bridge is broken down as follows:
/

\'

· ~ c;,

1.

236,050 sq. ft. of treatment

2.

2, 2'56 gal. HMWM

3.

Traffic control - lump sum

@

0.35

$82,617.50

t1'

'}it,

@

35.45

79,975.20
12,500.00

,t

r;l'

Total

$175,092.70

EVALUA_TION
A total of sif, two-inch diameter-cores were drilled from both
inside lanes October 14, 1986.

They were drilled, on a crack,

two inches deep to avoid damaging the epoxy coating of the top
reinforcing steel which has only two inches of cover.

The

core holes were filled with portland cement concrete and were
treated with HMWM resin the following day.

When the cores were split to determine penetration, the split
did not always follow the crack.

There were some instances

where the concrete fractured instead of the crack which is indicative of the bonding capabilities of the HMWM resin.

The bottom edges of the cores were treated with a 50% concentrated sulfuric acid/50% water solution.

Heating to 140°F in

--

--.-~···

.. ··.--·----:o--.--~.-_~)e='~'-":':"'c._,,,:=-,·~.'..
""'"'~
.. - - - - - - - - - - - - - - - - - -
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an oven for two hours caused the organic' resin to

tu~n

black.

The test indicated that the HMWM had penetrated at least twoinches deep at all core locations.

Friction of the treated deck was tested with an ASTM E-274
trailer November 3 1 1986 1 in all lanes.

The friction numbers.

ranged from 27 to 39 averaging 33 with the treaded test tire
and_ranged from 20 to 33 with an average of 24 with the smooth
tire.
,.:..••"1•'

The underside of the bridge was inspected October 25 1 1986 1
during a 0~25 in6h rain.

•

Ther~ was leakage observed from five

cracks between piers seven and eight.

Another inspection was

made during light rains March 18 and March 25 1 1987, and no
leakage was observed.

Two inspections were made. April 13 and

14 1 1987 1 from all catwalks during steady

ra~ns

and no leaking

cracks were found.

Another inspecti6n to check for leakage was made on August 25 1
'!987 during a steady rain very much like that of April 13 and
14.

There had been a substantial period with free water

standing on the surface.
·of the bJ;idge deck.
eastbound

lan~s

Leakage was identified in aLl spans

There were over 300 cracks under the

and over 400 cracks under the westbound lane

showing some leakage.

Water was not dripping from any cracks.

It would appear from visual observatio~ that the leakage was
at a reduced rate compared to leakage prior to the treatment.

PAGE 20

Marks, V. J.

·.some leakage was noted from cra.cks that ha¢1 n.o efflorescent
d.eposit.

There is a possi}Jility that some new cracks have de-

veloped.·

P~RT

II - SECOND APPLICATION

CONSIDERA','['ION OF SECOND APPLICATION

With 'evidence that one application of HMWM had failed to prevent leakage, it was necessary t6 consider .additiori.al proiective measures.

A

~econd

application of

H~WM

or .an Iowa method

dense concrete overlay were the only further protection given
serious consideration.

The Iowa method oyerlay has been very

successful on .another long bridge that

d~veloped

substantial

transverse cracking immediately following construc·tion ~

The HMWM system had not
tory,

be~n

ful,.ly evaluated.

.a double application of HMWM }?.ad been

In the labora-

succe~sful

in pre-

venting leakage through cracks beiieved to be wider than those
in the bridge deck.

Qne potential problem was that the first

HMWM application had filled 2/3 of the depth of the transverse
grooved texturing.

The second application of HMWM would cer-

tainly fill the bal.ance of the transverse
small

t~ial

on

t~e

groov~

texture.

A

Keokuk bridge showed that the HMWM material

was removed very quickly and effectively by sandblastirig.

.·. -,_. ,._. . . . ---r·--

Marks,

v.

.. r ..

~,-

~

.... --~,
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MATERIALS
The HMWM material used for the second: application was the same
RPM-2000W used for the initial application.

In an effort to obtain better frictional properties, a manufactured crushed quartzite sand was obtained from Del Rapids,
South Dakota.

The gradation of the dried sand is given in Ta-

ble 2.

WEATHER CONDITIONS
The decision to use _the second application of HMWM was made
soon after the observation of leakage on August 25.
of .the HMWM material required almost four weeks.

Delivery

The manufac-

turer· strongly recommended that the HMWM not be applied at
temperatures below 50°F.

Most of October was quite cold and

it appeared that application would
weather in 1988.

b~

delayed until warm

Fortunately in early November the low ·tem-

peratures for three nights were 58° to 60°F.

DECK PREPARATION
The City of Keokuk used their street sweeper to remove essentially all of the dirt and debris.

The drains were again

plugged with Styrofoam sheeting and caulked to prevent HMWM
from running into the river.

Cpmpressed air was used to blow

the deck clean imme<;liately ahead of the HMWM application.

Marks~

v.
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HMWM RESIN APPLICA'l'ION
The second application of HMWM was. placed full width of the
deck on 421 feet from an expansion assembly· 15 feet ee1st of
pier 6 to pier 8.

Traffic was restricted to one lane ~ach di~

rection with the other two lanes closed £:or treatment.

The

!

second treatment was. applied manually by Iowa DO'!' personnel.
The Iowa DOT maintenance personnel had set up traffic control
.
I
and hlown the wes.tbound insirle lane clean on November 3, 1987,
a comfortable 6.0°F nig.ht.

The HMWM was hand mixed in five

gallon buckets and poured onto the deck.

Beginning at

5:~5

a.m. soft, nylon bristled push brooms were used to spread the
HMWM 15' wide for an average
sq. feet.

cove~age

of 0.82.gallons per 100

Two push brooms were used behind the application to

move the . excess ma.terial ahead.

HMWM application on the

westbound lane was completed at 6:00.
sand was applied.

The crushed quartzite

Sa.nd application should have begun earlier,

as the first portion of HMWM had, begun to gel.

The sand cov-

erage was 1.17 pounds pei sq. yard.

Appliqatiorr of HMWM to t.he eastbound inside lane began at
7:0·0 a.m. and was completed at 7:40.

The operation was the

same a.s for the westbound L:me except that sand spreading began at 7:25.

Sand coverage for the westbound lane was 1.31

pounds per sq. yard.

The temperature at 8:20 was 66°F with a

daily high of 79°F.

Traffic was e1llowed on both the eastbound

and westbound q:pplications. at about 3: on p.m.
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The Iowa DOT maintenance.personnel had blown the outside
westbound lane clean and were ready for application of HMWM at
5:00 a.m. on November 4 (night time low of 58°F).

Application

procedures remained unchanged and sand applicatioti began at
about 5:15 a.m •. HMWM application was finished at 5:40.
Quartzite sand was used at 1.31 pounds per square yard.

The outside eastbound lane and sidewalk were treated 1r6m 6:30
to 7:10 a.m.

The sand coverage on the outside eastbound li:me

was 1.46 pounds per sq. yard.
the sidewalk.

No quartzite sand was used on

The temperature at 8:00 was 61°F.

EVALUATION
The depth of penetration of the second application can not be
determined as there is no way to distinguish from the organic
HMWM

mat~rial

of the initial application that penetrated the

two inches to.the top steel.

Friction testing has been conducted prior to treatment, twice
·after the initial application and once since the double application ·(Table 3).

The Friction Numbers of the surface with a

single application are similar to those prior to treatment.
Thecrushed quartzite sand has given improved Friction Numbers
after the second application.

Continued testing will be nec-

essary to detetmine the longevity of the improved Friction
Numbers.

,.....---------,---------.,---------~-

,.

----

I
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There have been no rains of sufficiertt_durqtion and intensity
to determine if a double application will prevent leakage.

PRELIMINARY CONCLUSIONS
The HMWM resin penetrated the fine cracks to a depth of at
least two inches.

A single application of HMWM reduced the

leakage, but £ailed to prev~nt le~kage.

Further evalu~tion is

necessary to determine if a double application will prevent
leakage.

The~e

was an initial loss of frictional,properties

after HMWM treatment, but as traffic wore away the surface
coating, the Friction Numbers returned to pretreatment levels.
The crushed quartzite yielded

impr~ved

Friction

diately following the second application of

Number~

imme-

HMWM~
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TABLE 1
Muscatine Sand Gradation

Sieve No.

% Passing

8

100

16

7.9

30

0.6

200

0.4
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TABLE 2

Del Rapids Sand Gradation

Sieve No.

% Passing

4

100

8

85

16

13

30

1.2

50

0.4

100

0.2

200

0.1

-

-------------------------,
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TABLE 3
Friction Testing
ASTM E-274 at 40 MPH

Friction Number
Treaded Tire

Prior to treatment

Smooth Tire

36

23

6-15-87

33

20

10-12-87

40

21

Driving Lane

50

34

Passing Lane

61

48

After Single Application

After Double Application
11-16-87
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FIGURE CAPTIONS

1.

Spray Bar Mounting on the· Flatbed Trailer

2.

Application of HMWM Resin
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Figure 1
Spray Bar Mounting on the Flatbed Trailer
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Figure 2
Application of HMWM Resin
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