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INTRODUCTION

In spite of many years of research, a method is still being sought for
economically waterproofing bridge deck surfaces. Surface water contain-
ing dissolved ice control chemicals soaks into permeable bridge deck mate-
rials and attacks the reinforcing steel. As it oxidizes, reinforcing steel-
expands, causing the deck surface to spall.

Another problem confronting highway engineers is the search for a
pavement surface type that will provide long lasting skid properties together
with structural durability. '

It was reported that in Germany, pourable asphalt mixtures were being
used which provided impermeable pavement surfaces of very great durability
(1}. Such mixtures were liquid when placed and required no rollingor com-
paction. The aggregate simply "floats" in the mix and, therefore, doesn't
influence the structural properties of the pavement as strongly as does con-
ventional asphalt,

The material, known as "Gussasphalt, ' was said to be virtually void-
less and reports had indicated that undertire stud traffic it wore about thirty
percent more slowly than conventional asphalt pavement (2). The material
was said to be popular with German contractors who, according to their
customary contracts, must guarantee their work for five years and pay any
maintenance costs incurred during that period. However, a major disad-
vantage was the special construction methods required for placing Gussas-
phalt. First, heating and storage facilities for mineral filler were needed
at the hot-mix plant. Second, "cookers, ' thatis trucks with heated carry-
ing tanks outfitted with agitators for transporting the mix, were believed
necessary. Finally, a paving train riding on forms and equipped with a
heated strike-off bar was used for placing the material by the German
method (1).

Fortuitously, an agphalt membrane lining a large pumped storage re-
servoir near Ludington, Michigan, was being constructed in a joint venture
by Morrison-Knudsen and Strabag Bau A. G. Strabag BauA.G. of Cologne,
West Germany, had done much development work on mastic-type asphalt
mixtures' and the firms offered their joint services in constructing a trial
sectionin Michigan. They offered to charge only fordirect labor, material,
and rental of third-party equipment. The Demonstration Projects Division,
Federal Highway Administration encouraged development of the project,
offering financial and technical assistance.

! Mastics are generally thought of as being asphalt mixtures that are suf-
ficiently fluid so they can be compacted by troweling or screeding. ‘




LUDINGTONY

wietonr f

HANBER
Pl

E Y \ ® o g n

=

p I 8TILES

At Bl - L CORNERS § AMBER
219 bRy i “:! L)
RE 1 cneshreaxe ||,
% i L h

TEST PAVEMENT
Mb 53031

ASPHALT
MIXING PLANT

SuUiMQM |RI:R"| ve IE = R TZ
= ot ] i e
WEISENRERNER §ucsaiicmer - Bsemoues
i CORNERS ] d
i bEREN an 21 =
= 22 it
p oo
D, b X
i
28 26
o 3
55 Eﬂ L £
] .
4
paws

. ERA0R
[ ‘s
HieL] L]
¥
N A E
3;3 & =E o2l
R
L ke
28 7 2
n L34 E ES

MASON CO.
OCEANA CO.

TEST BRIDGE
DECK
BO2 OF 64013

Fipure

1.

Sites of Mastic asphalt test areas.




Representatives of the Federal Highway Administration believed it was
possible to construct a Gussasphalt pavement using conventional asphalt
paving equipment with only slight modifications. If this were true, Guss-
asphalt could be tried extensively in the United States. Then, if the mate-
rial became generally accepted, any special equipment that would stream-
line construction procedures could be obtained by contractors, knowing that
they might use it on future projects.

Because of the expensive special equipment required for Gussasphalt,
Strabag Bau' A. G. had developed another type of mastic mix known as
Mastiphalt (or Mastimac). Mastiphalt was designed to be constructed with
conventional equipment. It is more viscous, in the fluid state, is more
coarsely graded than Gussasphalt and requires rolling. Mastiphalt contains
‘agbestos fibers but, unlike Gussasphalt, does not contain Trinidad asphalt 2.
Strabag Bau A. G. was enthusiastic about Mastiphalt and it was agreed that
a test section of that material would also be constructed.

An area of roadway and a bridge deck were selected for resurfacing
(Fig. 1). The existing roadway was a rigid pavement, 20 ftwide, construct-
ed in 1937 and resurfaced with bituminous concrete in 1958. The bridge
deck was a 3-span concrete structure, constructed in 1953 with a 42-ft
clear roadway width.

DESIGN AND PRE PARATION

It was agreed that a test section of roadway would be resurfaced with
Gussasphalt and another with Mastiphalt, a proprietary asphalt mix deve-
loped and marketed by Strabag Bau A. G. Each of the mixes was to be
placed on the roadway to a nominal 1-1/2 in. thickness (estimated at 160
1b/sq yd).

Preliminary mix design (Appendix A) of the Gussasphalt was carried
out by representatives of FHWA in collaboration with the Asphalt Institute.
Asphalt cement, penetration grade 40-50, was required in combination with
Trinidad asphalt. Design of the Mastiphalt mix was entirely the work of
the joint contractors. All preliminary pavement repair and shoulder work
were tobe performed by the Department who also was to furnish all traffic
control devices.

? Trinidad asphalt is a natural asphalt taken from a large lake on the Island
of Trinidad. The crude material is uniform in composition. After refining
by heating to drive off the gas and water, the material contains approxi-
mately 60 percent of veryhigh viscosity bitumen and 40 percent of very flne
voleanic ash.
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Contingent upon satisfactory results on the roadway, Gussasphalt was
to be constructed to a nominal thickness of 2 in. as the upper layer of a
bridge deck waterproofing membrane. The membrane, shown in cross
section in Figure 2, contained a fiberglass mesh layer next to the bridge
deck to transfer water toward a row of weep holes 1/2 to 3/4 in. in dia-
meter. Weep holes were drilled through the deck and lined with a tube pro-
jecting about 2 in. below thebottom of the deck. Thus, moisture inthe deck
vaporized by the hot Gussasphalt, would be transferred by the fiberglass to
the weep holes and the lined weep holes would then permit moisture to drip
cleanly without soaking the bottom of the deck. If provision for moisture
release were not provided, the membrane surface would blister.

For sealing the membrane - curb interface, a different method was
planned for each of the three spans: 1) placing the membrane directly against
the curb face; 2) applying a coating of epoxy resin on the curb face and
“bridge deck extending about 6to 10 in. from the curb, and; 3) using a form-
ed-joint filled with conventional hot-pour joint sealer. TFigure 3 is a dia-
gram locating the span onwhich each type of sealer was used. Transverse
joints in the bridge deck were to be built up in helght to be flush with the
Gussasphalt surface.

Repair of deteriorated surface areas, altering of joints, construction
of weep holes, and applying epoxy to the curb were to.be done by the De-
partment.

The mastic mix to be applied in a thin layer directly on the fiberglass
was desighed by the contractor.

Materials used on the project were as follows:

Materials Source
Aggregates
31A
3C8 - Grand Rapids Gravel Co.
Crusher Dust _
Mineral Filler - SMF Limestone - Vulean Materials Co.
Asphalt Cement - (40-50) - Total-ILeonard, Inc.
Trinidad asphalt - The Lake Asphalt and
Petroleum Co. '
Asbestos -~ TMO6 - Johns-Manville
Fiberglass .
Loose Weave — Smid the Hollander,
Tight Weave Netherlands




(€109 Jo Zod) euBIquaw Suijooadialem Jeudsessnd) Jo §9jBp JUsWe0B[d puB aouanbas UOIONIISTOD g 2and1 g

*208] qand jsam Suoyw paow(d safoy daom

) ‘20BY qanod 83 jemEle paoeid way) (EGdaBAETD pue Axoda yna PaIBOD IIEBY qim) g ueds
‘[eee Inod 30§ O1IFE]] -RIRS Wi PI]1J PUB PIVEIO] Juiol Z medg
Z B S— *20%} qIno jeupede L[30adip padwld JrEgdeesEnD | UBdS
f[eeg al] qInd Jo pogIz
"SI BMTEL §a7EIS PIIIl] un alm JEW ep¥Riaqyy doj Jo smod om) 193U,

‘@fIncd pUodaE J0f A1)88a03a pue apead mo) Fupered suLio) go paddi[s Iaaed,

—3NT aUnDy i —

ZL-1-TT (13000 woly psowld pueq) 281000 pag
ZL~E-Tt {36am00 2u0) J[Eqd EREINY ZL~1~11 (Jood ool 8samod 381 ZL-E-11 {#8an00 awo) jegdsEEmE
IeqdeeEsgnn
ZL-0E-0T IREVH Z-06-01 STK ZL-0E-0T S1FRK
3L-9-T1 (8961000 oAy} JERdEREMD £4~-11 (283003 3u0) J[eqdEmany ZL-0-11 (983000 au0) JyEYdeBEEND
ZL-0£-0T SWEBH ’

TL-0C-0T 1IN C4-0E-0T 213ER N

ZL-8-1T (36In0? an0) JEndeERssmD TL-E1-11 (98am00 Gao} Jegdaesens TL-CT- 11 (283000 3u0) jreydeseEnn
TL-9-11 (PNEPH T-ET-1T R ZL-E1-1T IpsEK
ZL-5-11 (952™00 2u0) J[eydFEEEMO ZL-E1-11 (oRImmo san) yugd medend Z~ET-T1 {98Incd 2a0) jendsessnn
Z1-B-TT1 OBEBA . ’ Zw-LI-TL INESH ZL-ET-TT 2HFEN
| 11 m
3N GHND __

| NvdS € NVdS € Nvds -




CONSTRUCTION

The roadway resurfacing was carried out in late October 1972 and the
bridge deck in early November. The Mastiphalt, Gussasphalt, and mastic
mixtures were prepared in a 6,000-1b batch plant (Barber-Green Model No.
BE-60). In addition to the conventional aggregate dryer, the plant had an

attached Wibaw rotary dryer topreheat the large amount of limestone min-

eral filler used in Gussasphalt and mastic mixtures.

Mastiphalt and Gussasphalt mixtures were placed with a Barber-Green
Model No. SA41 paver, and the mastic was manually placed on the bridge
deck using a Squeegee.

Mastiphalt

Mastiphalt was placed in the conventional manner for bituminous hot
mix and produced a very coarse, open-texture surface. Mix design and

laboratory extraction tests are as follows (see Appendix B for complete
analysis):

Batch Extraction
Sieve Size oro at;:t'ons Test Results
portl (Avg. of 3 Tests)
Stone, Ret #8 64.8 68.1
Sand, P#8-Ret#200 18.1 14.2
Filler, P#200 8.3 10.3
Asphalt 7.8 7.4
Asbestos 1.0 _—

P = Passing, Ret = Retained

Toevaluate the mix designbefore constructing the road surface, a test
pad was constructed in the contractor's yard at the site of the asphalt plant.
One load of Mastiphalt was placed at a temperature of 410 F, After rolling
to desired compaction, the resulting pavement surface had the appearance
of a very coarse-textured leveling course. This texture, according to the
contractor, was typical of Mastiphalt pavement and approval was given to
use the material on the highway.

Two lanes, each 500 ft long and 10 ft wide were paved on US 31 using
the test pad design. At the paver, mix temperatures varied between 320




and 415 F; ambient air temperature was 42 to 44 F. The inability of the
contractorto hold mix temperature at a constant desired level resulted from
low production and the long wait between truck loads. During the second
day of production, construction went more smoothly and mix temperatures
were more consistent.

Some segregation was noticed in the Mastiphalt placed on the road but '
since none had been noticed on the test pad, it was concluded that segrega-
tionwas causedby trucking over rough roads between the plant and job site.
The distance from the plant to the job site was about 3~1/4 miles. Figure
4 shows typical Mastiphalt appearance.

Onthe northbound lane, Mastiphalt was compacted witha 6-ton tandem,
steel vibratory roller and a 14-ton pneumatic roller with no formal rolling
pattern. The southbound lane was compacted with a 6-ton steel roller for
breakdown, a 14-ton pneumatic roller as intermediate, and the 6-ton tan-
dem steel rollerwas used again for finishing the compaction. The mix was
"tough, ' and would notfeather outat the joint; probably because of the high
mineral filler and stone content.

As shown in the following table, tests on cores showed the northbound
lane to have only slightly greater density than the southbound lane. How-
ever, the void proportion was quite different between the two lanes..

Northbound Southbound
Core Test
Lane Lane
Specific Gravity 2,395 2.327
Air Voids, % 1.8 4.8

Gussasphalt

There were many problems with temperature control while producing
the Gussasphalt. The dryer would not heat material to a temperature over
475 F.  With the small tonnage produced, and because 20 percent mineral
filler at atemperature of 350 T was added, it was difficult to produce a mix
hot enough to provide a fluid material. Mixing time was one minute dry
plus one minute after the asphalt cementhad been added. The Trinidad as-
phalt was manually added into the pugmill after the aggregate but before
the asphalt cement. Manual addition of the Trinidad provedto be a nuisance
“for the contractor in that it required a worker to carry the material up a
ladder to the top of the pugmill for every. batch




With the Barber-Green paver, a first trial load of Gussasphalt was
placed onto atest pad after being heated and transported in a cooker. That
load had atemperature of 470 F and was so fluid that it could not be retained
within the confines of the paver.

A second trial load was placed onthe padfrom adump truck after heing
heated only within the plant. The temperature of that mix was too low and
the surface was torn by the screed (Fig. 5). Finally, after being heated
only in the plant, a trial mix, at a temperature of 350 F was placed on the
pad and found to be acceptable. Cores indicated that the test mat was uni-
form and almost voidless. |

As a result of the trials, it was decided that Gussasphalt could be hauled
to the roadway construction site in insulated trucks and then placed using
2 by 4-~in. lumber to support the paver screed and to act as longitudinal
forms. The distance from plantto constructionsite was glightly more than
three miles. The finished mat appeared smooth and uniform (Fig. 6) ex-
cept where the paver stopped moving to wait for material (Fig. 7). When
the paver was not moving forward, the screed settled into the asphalt caus-
ing a ripple in the surface. The material remaining in the paver cooled if
the pause were more than momentary and the pavement surface was some-
times torn by the screed as paving operations started again. The mixture
was also found to be very "tough' and could not be hand-worked or feathered
out at the joints. No rolling was needed to compact the mixture. At the
recommendationof the Strabag Bau A. G. consultant the mix was modified
before the southbound lane was constructed. Mix designs used and results
of extraction tests are shown in Appendix A.

. Cover stone precoated with 0.75 percent asphalt was spread by hand
directly behind the paver (Fig. 8). After the mat had cooled sufficiently,
the cover stone was rolled into the mat surface with a 1/2-ton steel roller
and then finish rolled with a 14-ton pneumatic roller. Figure 9 shows the
appearance of the surface before excess cover stone was swept off. Tt ap-
pears that excessive cover stone was used. The 31 A cover stone was larger
than specified or desired but the contractor could not obtain specification
size (100 percent passing No. 4 sieve - 100 percent retained No. 8 sieve).
The Strabag Bau A. G. consultant wanted the cover stone applied to provide
high initial skid resistance. Traffic would then wear away the cover stone
together with the asphalt sheen leaving aggregate exposed to provide long-
term skid resistance.

Cooling of the mat tock place quite rapidly because of low ambient
temperatures. As a result, traffic was permitted on the surface about two
hours after the last batch had been placed.



Figure4. Mastiphalt pavement.
Typical texture of surface is
shown above. Note variation in
surface texture caused by se-
gregation in view at left.

<.
Figure5. Tearing of Gussasphaltby paver

screed because of low mix temperature.

Figure 6. Typical appearance of Gussas-
phalt surface immediately after paving.
Note surface stone being applied in back-
ground.

=10~




US 31 Bridge Deck Preparation and Paving

The bridge was located over 10 miles from the site of the asphalt mix-
ing plant. The Department's Maintenance Division constructed weep holes
through the bridge deck, modified trasnverse joints, and applied epoxy to
curb faces as described earlier in this report.

Fiberglass to transport residual moisture from the bridge deck and
prevent surface blistering was installed as shown in Figure 10. A coarse
weave mesh of fiberglass (Fig. 11) with approximately 1/4-in. square open-
ings was placed directly upon the existing concrete bridge deck. Moisture
condensing in the mesh was supposed to flow to weep holes and then drain
throughthe deck. Fine weave fiberglass cloth with 3/4~in. circular holes,
gpaced 3 in. center to center was placed on top of the coarse weave layer.
This upper clothwas to protectthe mesh from being impregnated by a spe cial
hot sealing mastic and the holes would permit the mastic to bond to the
bridge deck.

The special mastic was transported to the job site in German made
cookers which kept the material agitated and at a high temperature (Fig..
12). As shown in Figure 13, the material was spread manually using a
squeegee. Mix design and laboratory extraction test results for the mas-
tic are as shown in Appendix C.

The first load of Gussasphalt was transported to the bridge in an in-
sulated dump truck and laid approximately 1-in. thick by the Barber-Green
paver. Wooden (2by 4 in, }longitudinal rails were used to supportthe paver
‘screed. The mix was as hot as 365 F in the truck but was cool near the
perimeter because of a 2 hour delay before placement. The mix had a
temperature of only 305 F as it passed through the paver and, therefore,
was torn bythe screed. At that point, it was decided to transport Gussas-
phalt in cookers, rather than dump trucks, and to place the mix in one
course instead of the proposed two. The thicker course retained heat and
could he spread more easgily than a thin layer.

The first cooker load was used for filling~in irregularities in the mat
constructed with the cold mix, and for filling joints left by the wood rails.
Therefore, the asphalt cement content was increased from 7.0 to 7.5 per-
cent s0 the mix could be more easily spread. This material was inadver-
tently heated beyond its flash point (500+F) because the cooker had no auto-
matic temperature controls. Ina few instances when material was over-
heated, small explosions occurred which, spectacularly and with a roar of
flame blew the cooker tops opeh.

~11-



Figure 7. Transverse fault in
Gussasphalt caused by settle-
ment on screed when paver
stopped moving.

Figure 8., Spreading cover stone on
Gussasphalt.

Figure 9. Cover stone after being rolled into
Gussasphalt surface.

Figure 10. Installation of fiberglass on bridge
deck. Note fiberglass mesh lying directly on
deckand coveredby fiberglass cloth. Patches
of asphalt were used to cement mats to deck.

-12-
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Temperatures in subsequent cooker loads of Gussasphalt varied from
375 t0o490 F. At the higher temperatures, the material was sofluid it flow-
ed down the superelevation and around the tires of the paver. It was also
so fluid that it merely flowed off the back end of the barfeeders and under
the augerinstead of into it. Since the auger couldn't be lowered to contact
the mix, Gussasphalt was manually placedin front of the ends of the screed.

PERFORMANCE

Permeability was evaluated by FHWA personnel by measuring the change
in electrical resistance through a full thickness of the mat. The electrical
resistance was measured between a metal plate placed underthe mat during
construction and another placed directly above and on top of the mat. Per-
meability was indicated by the change in resistance through the mat after
the surface of the pavement had been flooded with water. The Mastiphalt
was found tobe permeable while the Gussasphalt onthe roadway was treated
andfound tobe impermeable. Using the Michigan skid trailer, skid resis-
tance was measured on all mastic asphalt surfaces and on the adjacent ori-
ginal pavement surface. Results, as shownin the Appendix D, indicate ex-
cellent friction levels initially on the Gussaspbalt and acceptable levels on
the Mastiphalt. Figure 14, shows the texture of the Gussasphalt at the time
of initial skid testing and after traffichad removed some of the cover stone.
After about two months service, measurements showed friction on the
Mastiphalt to be improved while friction on the Gussasphalt, although still
excellent, had decreased somewhat asthe coverstone wasworn away. Be-
cause of their coarse textures, it is anticipated that friction will improve
further for hoth materials as the asphalt coating is worn off the pavement
surface particles. Annual skid testing of the pavement surfaces will be re-
peated during the next few years.

Riding quality of the surfaces was fair. However, this is not unexpec-
ted since pavements of conventional types constructed in short lengths have
often been observed to exhibit mediocre riding qualities (3).

DIS CUSSION

Numerous small problems were encountered during construction but
both Gussasphalt and Mastiphalt surfaces were successfully constructed
using conventional paving equipment. Workmen on the project were rela-
tively inexperienced at highway construction and the project was so small
that there was almost no opportunity for familiarization with the process
or to correct difficulties. Mastiphalt was placed with very little difficulty

-14-




but Gussasphalt, which is much more fluid, did cause problems. Neither
Mastiphalt nor Gussasphalt could be used for feathering joints. Perhaps
if the weather were warmer, the material wouldn't have cooled so rapidly
and it could have been feathered. '

On the bridge deck, the Gussasphalt was hotter and, thus, less viscous
than onthe pavement. Therefore, on the bridge, the mix was not moved to
the extremities by the paving auger and some manual work was necessary
to spread the mix uniformly in front of the screed. The same problem
existed to a lesser degree while paving the roadway. Also, on the bridge
when the Gussasphalt was dumped into the paver in a large pile, it started
to flow downhill over the superelevated deck surface. If the paver auger,
which was fixed vertically, could have been lowered, the mix could have
been spread rapidly to a thinner and stable thickness, preventing the un-
wanted flow. Therefore, when placing Gussasphalt on inclined surfaces,
temperature should be controlled sothe material is more viscous and under
all circumstances a means should be provided for lowering the auger to
spread the mix uniformly.

The patching of voids behind the paver was difficult because the Guss-
asphalt hardened quickly as it cooled. Whenever the liquid Gussasphalt
flowed or was spilled outside the paver, it bonded tenaciously to any sur-
face it contacted. Thus, care was required to prevent the material from
flowing onto areas, such as adjacent lanes, where small lumps of hard
material are objectionable.

Underall circumstances, automatic temperature controls mustbe pro-
vided if cookers are used since the explosions caused by overheating could
be calamitous.

Although Trinidad asphaltis widely accepted as a necessary ingredient
of Gussasphalt, it is difficult tosee why. Trinidad asphaltis expensive and
almost half its weight is inorganic ash (filler). Extraction tests don't indi-
cate the presence of Trinidad asphalt, so post-construction checking on
quality would be almost impossible. Also, it was costly and a nuisance to
add to each batch of Gussasphalt. It would be worthwhile to evaluate some
trial areas of Gussasphalt made without Trinidad asphalt. Perhaps, as with
Mastiphalt, asbestos couldbe used as an 1ngredlent toimprove consistency,
if an admixture is even necessary.

It was mentioned earlierthat riding quality of the surfaces was not ex-
ceptionally good. The problem of obtaining a smooth surface was especially
noticeable on the bridge deck which was superelevated and where the pave-
ment had to be matched carefully to transverse joints. The bridge deck

-15-



membrane could be modified sothe Gussasphalt would be placed as a water-
proofer, topped with a wearing surface constructed with conventional hot
mix asphalt. In that way the waterproof membrane would be provided by
Gussasphalt and good riding quality might more easily be obtained through
use of conventional hot mix asphalt. Also, with a conventional wearing
surface the pre-coated chipa could be deleted.

Although Gussasphalt is known to cost more than conventional hot-mix
asphalt concrete, the differences in cost between the two might easily be
decreased. TFirst, the aggregate could be preheated enough so the mix
temperature would be 425 F even though unheated mineral filler was used.
That would eliminate need for a separate dryer to preheat the mineral fil-
ler. Second, flyash couldbe used for mineral filler instead of costly lime-
stone dust. Flyash is used in conventional hot-mix asphalt concrete and
should be satisfactoryin Gussasphalt. Also, as discussed in the preceding,
Trinidad asphalt might be deleted from the mix.

CONCLUSIONS

1} Gussasphalt can be mixed and placed with very little modification
of conventional paving equipment., If the plant is near the job gite, the only
special equipment that might be needed would be a dryer for preheating
mineral filler. The extra dryer might be eliminated if the aggregate were
heated so hotthat the filler would not need preheating. If there were much
delay time betweenplant and paver, cookers wouldbe necessary for heating
and agitating the mix. :

2) TForms are needed for placing Gussas phalt.‘
3) Gussasphalt is impermeable; Mastiphalt is not.

4) Both Gussasphalt' and Mastiphalt can provide coarse textured sur-
faces of high skid resistance.

5) When ambient temperature is low (nea-I: 40 F during this project) a
mastic asphalt pavement of about 1-1/2 in. thickness canbe opened to traf-
ficabout twohours after construction. Cooling would take place more slow-
ly, of course, with higher ambient temperatures.

6) By modifying procedures as diSCﬁssed, costs of Gussasphalt might

be brought well into line with those for conventional hot-mix asphalt con~
crete. :

~16-
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