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ABSTRACT

Research project HR-231, "Special Surface Preparation Prior to
Bituminous Overlay", was initiatéd in 1982 to étudy the effective~
ness of three different crack fillers in extending pavement life,
In partiéular, this profect was designed to deﬁermine if any of ﬁhe
fillers could substantially reduce the rate of subsurface deteri;
oration and general deterioration of an asphalt pavement at crack
locations. This project also sought to determine the effacts of
the various crack filling procedures on different thicknesses of
bituminous overlays. The three fillers, a fly ash slurrf, én
emulsion, and a rubberized asphalt mixture, were used along with a
cohtrol gection wiﬁh no crack filler materiai on a 2.5 miie se&tion
of Cerro Gordo Trunk Route §-25 sputh of the town of Thornton.

This report discusses the construction and performance of each
filler material and makes recommendations concerning future use of

any of the materials used.
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INTROﬁUCTION

Tﬁere are.approximateiy 14,320 miles of rurél asphaltic concrete
'sﬁrfaced roadways in the state of Iowa. Approximately 60% of this
mileage is on the Secondary Road System. Many of these‘pavements
are experiencing thermal cracking. Water movement through the
-thermal crack strips asphalt binder from the aggregate and flushes
fines from the.mix, causing a surface depression to form along the
ctack. This results in poor ride quality, loss of pavement life,

and increased maintenance costs.

Asphaltic concrete overlays of one to three ;nches temporarily éorw
.rect the riding surface, but as reflection craéks appear, the de-
gradation continues and the depression ié again formea.' '
A need exists to identify a procedure which will retard or'elimi—
nate the cracking and degradation of the new overlay. Ensuring
that the thermal cracks are properly filled priér_to placement of

the overlay may accomplish this goal.

QBJECTIVES

The objectives of the research were:

1. To identify an effective crack sealing procedure which would
extend pavement service life and reduce future maintenance

costs.,
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2. To determine the effects of various crack sealing procedures on

different thicknesses of bituminous overlays.

PROJECT DESCRIPTION

The project was located on a 2.5 mile section of county Trunk Rouﬁe
S-25, commencing at the Cerro Gordo County line and running north
to Thornton, terminatihg at the Chicago Northwestérn ﬁailroaa'(Figu
ure 1). The pavement section was 22 feet wide; Tﬂe road wasrcon—
structed in 1958 with a 4~inch soil éggreqate subbase; a 6-inch
rolled stone base and a double inverted penetration seél ccat, In
1962, 2 1/2 inches of Type B, Class 1 ACC Qere added., The roadway
was again resurfaced in 1969 with 2 inches of Type B, Class 1 ACC.
All work met Iowa DOT Standard Specifications at the time of coné.
struction. The ADT was a@proximately 600 VPD having approximately

15% heavy vehicle traffic (truck and farm vehicle traffic}.

Thermal cracks were occurring at intervals ranging from 20 to 60
feet, with the majority ranging between 30 and 40 feet., At mid-
winter, crack widths at the surface varied from 5/8 inch to 2
inches, and depressions along the cracks were from 1/8 to 1/2 inch
deep. The pavement was a typical example of thermal crack

degradation.

CRACK SEALING MATERIALS

The project plans specified four crack sealing materials and proce-
dures for filling the thermai cracks. The sealing materials to be

used were:
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1. Emulsified asphalt of the CRS-2 grade. In addition to the
thermal crack test sections designated, this material was used
for filling random cracks throughout the project {except in the

control section, where no cracks were sealed).

2. Hot asphalt rubber. Special provisions regquired a mix of 75%
AC=5 asphalt cement and 25% crumbed or ground rubber. “CRAFCO"
brand commercial sealer was delivered and certified to meet the

specification.

3. Fly ash-cement grout for pressure injection._ The grout was
_composed.of 75% Port Neal #3 Type "C" fly ash and 25% Type 1
portland cement. Percentages were based on volune. Water was
added to these materials to obtain a specified fluidity as de~-
d by the
4. Emulsion -~ limestone slurry for preésure injection. A_CSS~1
emulsion was found to be compatible with the fine limestone to
be used on the project. Proportioﬁs were to be 50-50 by

weight. The fine limestdne,gradation is given in Table 1.

CONSTRUCTION

There were 8 experimental sections and 1 control section laid out
as shown in Figure 2. Prior to construction, 456 full width ther-

mal cracks were identified in the 9 sections.



PAGE 6

Bide were received April 13, 1987, and the contract (Appendix A)
was awarded to Weaver Constructibnléompany of Towa Falls. Crack
sealing was sub-contracted to Brower Construction Company of Sioux
City and the slurry seal surfécing to Fort Dodge Asphalt Company of
Fort Dodge. Crack sealing preparation began May 7 and sealing was
completed May 24, 1982, Approximately half of this period was
spent idle.due to rain delayé{ Special provisions for crack fill-
ing are in Appendix B and a list of equipment used for crack fill-

ing is in Appendix C.

Crack Preparation

Thermal cracks in the 8 test sections which were less than 1/2 inch
wide were routed to 1/2 inch wider and 1 inch deep. Random cracks
in these sections were also routed. High pressure water blasting
was used to clean the thermal cracks 1/2 inch or wider. All cracks
were air blown immediately prior to sealing. Crack preparation

work is shown in Filigures 3-5.

Emulsion Sealing

Type A (Figure 2) crack filling was the CRS-2 emulsion hot poured
at less than 150°F. The material was'poured into the crack until
flush with the adjacent surface. The ends of the c¢rack regquired
blocking to prevent emulsion from flowing out of the crack onto the
shoulder. Emulsion was also used to fill all random.cracks in the
8 test sections. Both a wand and pour pot were used to distribute
hot emulsion (Figure 6 - 7). The wand application was not always

uniform, resulting in some cracks which were not completely filled.

. I
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Applicatioﬂ from the pour pot resulted in-moreluniformly filled
cracks. The freshly filled cracks were blotted with sand to pre-

vent tracking.

Asphalt Rubber Sealing

Preparation and placement of the Type B crack filler, asphal£ rub~
ber sealer, was accomplished by a 200 gallon "CRAFCO" brand heéter
and pump manufactured to handle the 60 pound solid blocks of mate—
rial. The sealer was heated to 450°F and extruded through a hose
ahd wand into the cracks. A horseshoe shaped squeegee about 3
_inches wide was used to level and spread the sealer to the edges of
the crack (Figuré 8). The asphalt rubber material could be applied
quicker énd easier than the pouréd emulsion sealer and had no tend-
ency to flow once placed. Some cracks in the asphalt rubber
seélant sections héd deep voids. These voids tended to reduce the
effectiveness of the sealant and also required large amounts of ma-
terial to fill. These cracks were filled with sand to one inch be-

low the surfage before sealing.

Fly Ash-Cement Grout Sealing

The fly ash-~cement grout materiai consisted of 3‘parts fly ash to 1
part cement by volume with about 2 parts water added to ?rovidé the
desired flow characteristics. Only a small batch of about 6 to 8
galloﬁs of grout was mixed at a time using a paddle type mortar
mixer. This prevented excessive hold time on the grout prior to
placing, vet still alloﬁed for a smooth continuous crack filling

operation. Flow of the slurry was measured by the Corps of Engi-
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neers flow cone method (Appendix D). This method consists of pour-
ing the mix into a calibrated cone and measuring the time of
efflux. The grout flow times ranged from 13.8 secbnds to 16.0 sec-
onds. Flow time for water through the cone is about half that of

the grout.

The grout mix was injected into each crack using a metal injection
frame developed by the Iowa DOT Materials Office (Figﬁre 9). The
frame consists of a trussed framework for rigidity with a bottom
platform about 12 feet long and 17 inches wide. The platform is
faced with 3 inches of dense polyurethane foam sealed with a
poiyethelene membrane. This facing provides intimate contact with
the pavement surface to permit pressurizing of the crack. Two in-
jection nozzles run through the piatform and are located about 4

feet either side of center. Pilot holes are drilled into the crack

1y

ond Far v
LR S L O E A T dn

. .
to receive the nozzles. A loa is

the frame between cracks and applying downward force con the frame

during application of the grout,.

The grout waé injected by a pneumatic pump that sucked the grout
into hoses leading to the injection nozzles and forced the grout
into the crack. On this project pump pressures varied from 30 to
60 psi. Pumping was stopped when grout began breaking the seal be-
tween the frame and surface. After removing the frame the surface
was leveled and cleaned with'é squeegee. Cores Eaken aftér instal-
lation of the grout revealed that the grout had penetrated to the

bottom of the slab and £illed the entire void {(Figure 10}.
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Emulsion-Limestone Slurry Sealing

The Type D method, which was believed to hold the most promise for

reaching the stated objectives, was the pressure injected emulsion-

. limestone slurry. The CSS-1 emulsion and fine limestone mix was to

be pumped through the injection frame as the fly ash-cement grout
had been. This procedure had been used on a primary highway crack
filling project with some success and was believed to be a viable
procedure. The primary project had used a standard slurry mixer

for the grout and fluidity had been maintained.

On this project a mortar mixer was substituted for the slurry
mixer, with batch weights of about 80 pounds. All efforts to pump

the slurry ended in the slurry plugging the pump, hoses, and noz-

incompatible, the District Materials Engineer ran trial lab mixes
with several fresh emulsions. An SS-1 emulsion performed well in
the lab, but pfoduced similar results to the C88-1 on the job. Se-
veral factors may have caused the material to break prematurely.
The most likely cause was the agitation of the paddle type mixer
(Figure 11). A more gentle agitation, like that of a standard
slurry machine,.could better mix the small batch weight of slurry

without the breaking problem.

The failure of this process to work posed the problem of what to do
with those sections designated for treatment with this method. It

was the joint decision of the project and research engineers that
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additional areas of fly ash~cement grout and poured emulsion would
be appropriate. 1In addition, it was decided to try a very limited
quantity of portland cement-ag lime and fly ash-kiln dust élurry
mixes. These were included in the fly ash~cement section which had
been added. Installation of the fly ash-kiln dust alternate com-
pared favorably with the fly ash-cement material. The portland
cement—-ag lime plugged the screen much the same as the emul%ionwag

lime slurry had.

Asphalt Surface Treatments

Surface depressions remaining at the thermal cracks in the test
sections were leveled by a 1 to 2 foot wide strip seal of CRS-2
emulsion and 3/8 inch cover aggregate. Special provisions required
a minimum of 30 days between the completion of crack sealing and

the start of the surface treatment phase of the work.

The Type B, Class 1 asphaltic concrete base resurfacing was begun
July 8 and completed July 13. A 3900 foot section was placed 1 1/2
inches thick and a 5378 foot section was placed 2 inches thick.
Onel3852 foot section of bituminous slurry seal surfacing was ap-

plied on July 28 and 29, 1982.

DISCUSSION

0f the four crack filling materials, emulsion is the most commonly
used sealer in Iowa. The emulsion is poured into the crack and

slowly seeps down to the void beneath the surface. Routing of the

T—
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crack on the surface allows for a reservoir of emulsion to be

placed.

Asphalt rubber sealer has been used on a.limited basis in Iowa the
last few years on asphalt pavement. The material does not flow or
seep when placed in thé cracks. The purpose of the aspﬁalt rubber
material is to provide an elastic seal to the crack surface. A
spécial double jacketed distributor i; needed to heat the sealer to
above 450°F. Agitation of the heated material is provided to pre-
vent separation., To obtain proper adhesion of the sealer to the

crack, the material must be squeegeed into the routed crack.

The purpose of the fly ash-cement grout and the emulsion~limestone

slurry was to completely fill the entire void of the crack. Equip-

~ment for mixing and placing worked very well for the fly ash-cement

grout, Once familiar with the procedure, the contractor could
place grout nearly as fast as he had placed the emulsion and the
asphalt rubber while using the same number of people. No unique

eguipment was required other than the simple truss injection frame.

It is régrettahle that the emulsion-limestone slurry did not work.
The flexible emulsion material may be more desirable for crack
filling than the rigid fly ash-cement grout. The mixer used to mix
the slurry may havé caused the emulsion to break. With the paddle
agitation of the mixer the small batch was violently stirre&. This

coupled with the pumping of the material through the hoses caused
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the material to set prematurely. The concept of the method was to

achieve a mix with crushed limestone suspended in the emulsion.

The crack preparation for all test sections was essentially the
same. The pressure injection method did involve the additional
task of drilling pilbt holes in the pavement fof receiving the in-
jection nozzles. Each crack filling procedure required at least
three and usually four peoplelfor smooth, cbntinuous operatioﬁ.

Normal crew sizes for the contractor's operations were:

Emulsion Sealing
1 - Tar pot vehicle driver
1 or 2: - Wand or pour pot operators

1 - Person to blot emulsion with sand

Agphalt Rubber Sealing
1 - Tar pot vehicle driver
1 - Wand operator

1 - Person to squeegee sealer

Pressure Injection Sealing
1 Mixer operator
1 Loader operator

1 or 2 - Pump operators

To make a total cost comparison of the crack sealing operations

based on contract bid prices (Appendix A) would be erroneocus. Due
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to the small guantities of sealer involved and to contractor ﬁnfau'
miliarity with some of the procedures, certain bid items may have
been higher than would be expected. The actual quantities of
sealer used are given in Table 2. January 1983 cost estimates for
the materials used by the contractor are shown in Table 3. The
contractor was able to pick up all these items except asphalt rub-
ber either locally ér on the way from Sioux City. Only the asphalt
rubber cost included delivery from Dubuque, Iowa, to Cerré Gordo
County. Given below is an estimate of the contractor's cost for

sealer material per foot of crack based on Tables 2 and 3.

‘ : Sealant per Price per
Sealant Estimated Cost Ft. of Crack Ft. of Crack
Poured Emulsion | $ 0.71/gal. 0.027 gal.* $ 0.019
Agphalt Rubber $ 0.35/1b. 0.510 1lb. $-0.l78
Fly Ash - Cement $ 0.186/gal.  0.18 gal. $ 0.033
Emulsion - Limestone § 0.545/gal. 0.18 gal. $ 0.098

* - includes routed random cracks

EVALUATION

The project research period was set for five years. In order to
evaluate the materials, 456 cracks were selected and used through-
out the Project for the crack testing. Several tests were run on
the projeét each year in order to gain an understanding of how each
‘crack filling material was performing. The testing schedule is

shown below.
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Test Year Performed

82 83 84 85 86 87

Road Rater | X X X X

Roughness | o X X X

Crack Depression X X X X
Percent Cracks Reflected X X X
Core Drilling X SOX

Despite the ﬁumerous tests conduétéd on the project, it is diffi-
cult to determine which of the three crack filling materials, if
any, performed substantially better than the control section. One
reason for this is the seemingly contradictory nature of the test
results. That is, the results of one test sometimes seemed to con-
tradict the findings of another. A review of each test will be
given. Much of the information used was obtained from crack sur-

veys taken in January or February of each year.

Note: Several tests were not performed on sections 8 and 9

because these sections did not have an asphalt overlay.

Percent Cracks Reflected

The ability of a crack filling material to retard or reduce the
amount of reflection cracking in an overlay is an obvious benefit.
A crack survey was performed each year in order to evaluate each
filler's performance in reducing reflection cracking. This survey

revealed the first of several unexpected results, All the project

it
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sections showed the same pattern of having the larger percentage_of
cracking occurring in the earlier years {(see Figure 12). Also, af-
terlthe first year, all six test sections were within a narrow.
range; the maximum percent spread between the best and worst
sections in any one year being 16 points. However, ﬁhe control
section, which had no crack filler material, clearly outperformed
the test sections in retarding reflection cracking. As can be
seen, after the first year the percentage of cracks reflected in

- the control section was from 16 to 25 percent less than the best

- performing experimental section.

Crack Depression Survey

A principle objective of the research was to determine if a filler
could stop subsurface pavement deterioration and the ensuing forma-
tion of crack depreésions. Because the control section outper-
formed the‘three materials in retarding reflection cracking, bne
might also think similar results would be obtained from a crack de-
pression survey. However, the opposite was found to be true., Of
the crécks that had reflected to the surface, the sections with
higher percentages of reflected cracks had smaller crack de-
pressions (see Figure 13}.. For instance, the fly ash siurry'had
-the largést percentage of reflected cracks and the smallest average
crack depression. Aé expected, the slurry seal seqtions had higher
dépression measurements than thé other sections. Wheﬁ comparing
the two slurry seal sections, however, the rubberized section

slightly outperformed the emulsion.
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Core Drilling

At the end of the 5-year research period threé coréslwere drilled
from each type of crack filling material to determine the subsur-
face condition of the pavement at the cracks. Since the fly ash
had the smallest average crack depression, it was expected the fly
ash would have the most solid cores.. Once again the‘results were
surprising. As shown in Figure 14, the fly ash mix ﬁaa deteri;
orated from the crack. On the other hand, the emulsion mixP which
showed the largest average crack depression, héd the.mést'solid

. looking set of cores. The base had a modest aﬂount of agéregafe
stripped from it, but the emulsion cores indicated the paVement
near each crack was in good condition. The same can be said of the
rubberized asphalt cores, which showed only Slightly moreldeteri—
oration than the emulsion cores. The core drilled from the control
-section was also in good condition when compared to the fly ash

core,

Roughness Measurements

Not every crack which was in the original p&Vement was used for
evaluation of the project. That is, only a select number of cracks
in each section was filled with a material. Those cracks hot used
were filled with emulsion before being overlaid. Because a large
number of these cracks also r@fleéted through the overlay, any |
roughness measurement will not be totally accurate if used to de-

termine crack filler effectiveness.
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It is difficult to determine which material showed the best overall
performance when considering both the 1 1/2" overlay and the 2"
overléy sections together. However, it appears the fly ash
sections performed best, followed by the emulsion and then the
rubberized asphalt., Also, the emulsion slurry seal section outper-
fbrmed the rubberized asphalt slurry seal section in a comparison

of the two;

Road Rater

The Road Rater is‘used to determine the structural cépacity of the
pavement and the sﬁbgrade soil K value. I£ uses the average of
many individual tests to determine the strength of a section of
pavement.. In as much, it is not designed to give information at
particular locations; such as at cracks. Therefore, this test pro-
vides a minimal amount of information toward determining which

sealant is best.

Rating System

‘A weighted rating system was developed to determine which sealant

showed the best overall performance. Three engineers involved with
the project were asked to rank each of the five tests described
earlier according to how well it reflected filler performancé. Re~

sults are shown below.
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Test .Engineers' Rank (1 thru 5, 5 being best)
| .“ Total

Roughness _ 3 2 | 4 9
Percent Cracks Reflected 4 5 2 11
Crack Depression Survey 5 4: .4 13
Core Samples -2 3 4 | 9
Recad Rater 1 1. 1 3

45

The individual test sections were then rated according to perform-

ance in each test. These results are shown below:

Test | Section

1 2 3 4 5 6 7 Total

(Rating 1 thru 7, 7 being best)

Roughness 3 5 63 2 4 63 1 28
Percent Cracks Reflected 2 4 3 6 5 1_’ 7 28
Crack Depression Survey 4 3 5 6 1 7. 2 - 28
Core Drilling-: 1 6 5 5 6 1 4 28
Road Rater | 5 4 3 6 7 1 2 28

Each section was then given a score in each test. The score was
based on the rank of the test and on the section's rating in that
test. The score was determined by first dividing the total test

ranking by 45 and multiplying the result by the section rating in
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that test. :For instance, the score of section 2 in the roughness

test would be (9/45) x 5 = 1.0.

Each section's composite score was the sum of its scores in the

five tests,

The composite results are listed below:

Composite Comparative

Section Filler Score *Percentage Rating
| 1 Fly Ash . 2.78 39.7 6th
2 Emulsion 4.31 61.6 4th
3 Rubberized Asphalt 4.68 ' 66.8 3rd
4  Rubberized Asphalt 5.00 71.4 2nd
5 | Emulsion 5.711 8l.6 1st
6 ~ Fly Ash 2.10 30.0 7th
7 Control (No Filler) 3.422 48.9 5th

*Percentage based on a maximum score of 7.

 CONCLUSIONS

Obviously there are some benefits of filling cracks befére overlay-
ing. As can be determined from the composite scores, both the
~emulsion sectiqns and the rubberized asphalt sections outperformed
the control section. In these sections the added 1/2 inch overlay
thickness.appeared.to increase overall performance, especially on
the 2" emulsion section. The fly ash mix failed t§ perform as well

as expected.
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Despite the fact that crack filling does hold certain advantages
over the conventional preoveriéy maintenaﬁce approach,‘it'is be~
lieved the benefits of crack filling (with any of the méterials'de—
scribed in this report) is not warranted. It is believed the added
costs invol&eé with crack filling exceed the édded benefits.
Therefore, it is suggested current preoverlay maintenaﬁéé:continue
until an economically acceptable method is found which improves

crack degradation problems.
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TABLE 1
Limestone Aggregate Gradation
Sieve No. Percent Passing
4 100
8 - 96
16 81
30 67
50 54
100 : 39
200 : 21
TABLE 2

Crack Sealing Quantities

a. includes routed random cracks

b. estimated

TABLE 3

Estimated Material Costs ~ January 1983

Emulsion $0.71 per gal.
Asphalt Rubber $0.35 per 1lb,
Fly Ash $10.00 per ton
Cement $62.30 pexr ton
Limestone $ 9.87 per ton

Materials Lin. Ft. of Cracks Quantity Used Quantity Per Ft.
Poured Emulsion 24,039 (a) 658 gal. '0.027 gal.
Asphalt Rubber 3,057 1,560 1b. 0.510 1b.

Fly Ash -~ Cement 495 91 gal. 0.18 gal.
- Emulsion ~ Limestone: 0 0.18 gal. (b)
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|OWA

Project Location

Figure 1:




Figure 2: Test Section Layout
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Figure 3 Crack Routing

Figure 4 High Pressure Water Blasting Of Cracks
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Figure 6 Crack Filling With Emuision From A Wand
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Figure 7 Crack Filling With Emulsion From A Pour Pot

Figure 8 Asphalt Rubber Crack Sealing
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Figure 9 Pressure Injection Frame And Pneumatic Pump

Figure 10 Core Removed From Crack Sealed With Pressure
Injected Fly Ash-Cement Slurry (Top of core
showing is bottom of pavement slabg
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5
Figure 11 Paddle Type Mixer Used To Mix Material

For Pressure Injection Sealing \
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Appendix A

Rating System Scores



SECTION

1.
.Ol
1.

1.

0.

0.

A
156
867
444

733

2,022

289
578

Section'Scoring

B

0.600

1.000
1.300
0.400
0.800
1.300

0.200

TEST
C

0.489

0.978

0.733
1.467
1.222
0.244

1.711

Highest Possible Score

HoOw

- Crack Depression
- Roughness
- Percent Cracks Reflected
- Crack Depression

~ Road Rater

D
0.200
1.200
1.000
1.000
1.200
0.200

0.800

7.000

PAGE 33

0.333
0.267
0;200
0.400
0.467
0.067

0.133

COMPOSITE
SCORE

2.778
4.312
4.677
5.000
5.711
2.100

3.422
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Appendix B

Test Results



SECTION NO.

4-8-87.

YU B

SURFACE

14" a.C.
14" A.C.
1i" a.cC.
2" A.C.
2" A.C.
2" A.C.
2" A.C.

Crack Survey

- FILLER/SEALER

Fly Ash
Emulsion
Rubber
Rubber

Enulsion

Fly Ash
Control

PERCENT OF CRACKS REFLECTED
1-24-84

1-21-83

43
42
24
15
24

0

4
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HR-231 Cerro Gordo County

71
74
68
67
70
74
41

9-20-84

86
88
91
79
85
95
60

100
89

86
91
95
70



SECTION NO.

OO0 U W

SURFACE
13" A.C.
14" A.C.
13" A.C.
2" A.C,
2" A.C.
2" A.C.
2" A.C,

Slurry Seal
Slurry Seal

HR~231 Cerro Gordo C
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ounty

Roughness Survey -

FILLER/SEALER

Fly Ash
Emulsion
Rubber
Rubber
Emulsion
Fly Ash
Control
Emulsion
Rubber

IJK
ROADMETER

9-10-82

3.35
3.55
3.70
3.35
3.55
3.70
3.45
3.10

BPR
ROUGHOMETER
IN/MI.
9-26-84  11~04-85
84 94
78 89
78 88
86 96
82 92
75 88
94 98
122 146
1422 160



2-86 2-87

Avg. _
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9.88

12-84
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CRACK

HR-231 CERRO GORDO COUNTY
12-84

CRACK DEPRESSION SURVEY

2-86  2-87

9-85

12-84

SURFACE - FILLER/SEALER

SECTION RO,

0.07 0.05

[Y-uT: L0 D =3
SE638830
e w e e e
OO OD
00 o O € I O
mewaﬂﬂlm
- - - * - L * -
CSCOoOLOQOOq
~ =] L3¢ ] ~N
SNE208Nny
4 + ¢ & ® 8 A L]
DOOOODOOO
oy D S 4D O AD ) N
COOQOQOOOO e
" e 4 » . - * d .
DODOOOOOD
O e O ) et D WD
OQOOOOoOLO0
- - & L] - - - L] E ]
o A R B
OUOMOOO..
LN N A '
CHOGDOO 0 )
NWWINWO D & g
HOOOOO & §
R I
FOOOCDOO + ¢
D PIO A EID &
000&000..
I R N R T |
WOQOOOO ¢
e OOOWE
QOO HOO 1t
8 8, 8 4 & & | |
CoOoOQoOaO I |
e eIt |y
omcmwnuﬂau. ]
4 &« 2 % & 4 | 3
COOQQOR 1 ¢t
o O n o+t
ol od ol et € el |
LRI T A ]
QOoOOCOQOoO
S MM oIw 11
COOOOOD t
LR N
QOOCOWGOO t ¢
[ ] o L0
eB83nN I 2aN
e e s o ) & & a
OO0 1000
] ~t e
85822 1202
L L I N . L )
DBOOD OO
¥ g < )
s & . 67 (K]
VHEOOO 1000
£ W00 00 4 T
000%0.111
L . B R
CCOOO I OOo
[ = =
= O QL O
Mirrihair
VR R rsm
ydb@uywub
ﬂ%hRmncmm
[ -
il 13
AAA....S&
AR R LILILILI Py Dy
& ™ B
RN ILLLEE
111‘ l,l.l .Iﬂluu
. ) o
et N NN

TN WO o

Cracks reflected. by 1-21-83 _

- Lracks reflected after 1-21-83 and before 1-24-84

“Lracks reflected after 1-24-84 _ :
*pepression measured in outside wheel path.

A.
B.
c.

. PAGE 37



PAGE 38

Appendix C

Contract
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SPECIAL PROVISION
FOR
EXPERIMENTAL CRACK SEALING
Project SN-418(1}--51-17 Cerro Gordo
March 19, 1982

382.01 DESCRIPTION. This work shall consist of routing and/or cleaning of cracks in an exi isting asphaltwc

pavement and filling the cleaned cracks with approved materials as spec1f1ed in conjunction with and prior %o
resurfacing with hot-mixed ACC or slurry seal coat. )

382.02 EQUIPMENT. Equipment for routing of cracks shall be capable of cuttwnq the crack to provide a n1n1mum
width of 1/2 inch to & minimun depth of 1 1/2 inches along the line of the existing. crack.

fquipment for cleaning cracks after routing shall be either the high-pressure water blaster dascribed - in the
Following paragraph or compressed air of pressure sufficient to remove loose material to.a decth of 1 1/2 inches.

Equipment for cleaning cracks that are not routed shall be a high-pressure water b1aster capable of a 2,000
pressure at the nozzle,

tguipment for p?ac1ng the crack sealer material shall be suitable for the type of material to be used, subgeut
to approval of the engineer.

A. Asphalt Emulsion crack sealer shall be placed with equipment similar to that descr1bed in 2001.12, a heatang
kettle, or pouring pots designed for this purpose.

B. Slurry Mixtures shall be placed with eguipment which develops suff1c1ent proessuy . to force the Sy
mixture through the full depth and width of the crack without appreciable waste. A surface template snali re
provided to retain the mixture in the crack and to minimize extrusion onto the road surface. (The .owa
Department of Transportation owns a template with pump and nozzles suitable for the work on :his project, . It
will be available to the contractor at no cost for project use. The coentractor will have to rurn1sh hig omn air
supply, Tifting devices, etc., as may be needed for completion of this phase of work.) .
€. HRubberized Ashpalt Haterial shall be placed with eguipment that is  capable of- Featwnq the materi:1 and

extruding it through a hose and nozzle at a pressure adequate to fill the crack fully and to nrov1de intimate
contact with the crack faces.

382,03 MATERIALS, Materials to be used for filling thermal cracks d951qnated by the enquneer shall be 9f the
following types as designated on the plans.

A. FEmulsified Ashpalt shall meet requirements of Section 414G, Grade. CRS-2, o :
B, Pumpable Emulsion Slurry Mixture sha&% be composed of agr1cu1tura1 limestone and am.lsified asphaTt mixed.

50-50 by weight within a tolerance of ¥ 2 percent, The emulsified asphalt shall meet requirements of Section
4140, Grade C3S-1. The agricultural limestone shall be screened or processed so that 96 percent:basses the No.

8 sieve. {One scurce of this limestone is Weaver Construction Company at Fort Dodge, lowa.) Lompatxb131ty of
these matarials shall be determinad before use.

C. Rubberized Asphalt shall be a homogeneous, semi-fluld mixture composed of ?5 percent AL and 25 percent
ground rubber, meeting the following requirements,
1.

The AC sha11 meat requirements of Section 4137 for AC-5. . . o
2. The rubber shall be a granulated rubber, with a specific gravity of 1. 15 ¢ 0.02, free of fabric, wire, and

other contaminating materials, and with not more than 4 percent calcium: Carbonate, Irrespective of. their -
diameters, the granules shall be less than 1/4 inch in length.

3. The AC shall be between 350 and 450 F prior to the additicn of the rubber, tre ruhber shall then be rapidly

added such that each material is within ? percent of the intended amount, and the combined mateﬂ1als shal?
be mixed continuously until homogeneity is achieved,

4. Rubberized asphalt prepared away from the Jobsxte may be accepted when prepdred as spec1f3ed and- so0
certified by the supplier,

D. PumpabTe Fly Ash Slurry shall be a cement~fiy ash mixture meeting the f0116w3ﬂg requ:rewents

1. Cement shall meet requirements of Section 4101 for Type I cement. .

2. Fly ash shall be from a source approved by the engineer, ' : o o

3.  The wmixture shall be one part cement and 3 parts fly ash (by vo1uﬂe), with watsr adequate'to achieve
fluidity ard with additives as approved by the engineer,

4, Fluidity of the mixed slurry shall be measured by the Corps of Engineers flow cone method accord1nq te their
Specification CRD-C611-80, ~ Time of efflux shall range from 16 to 26 seconds. These measurements ‘will™
norma11y be made at least once every 4 working hours. The range 6f time of eff]ux may be adjusted by the
engineer,

5, The contractor sha11 subimit to the enginaer his proposal for materials and add1t¥Vcb to be used for thxs mix.

design,
Material for f1111nq random and alligator cracks shall he CRS-2 emilsified asohaWt. _ o '
Blotting material shall be a sand or agricultural limestone, $and shall meei réquirewents of Sectaon 4110 or

1112 or shall be a sand of a similar gradation. Agracu1tural !1mestone shall have essent1a1}yi00 percent passing a
. 3/B-inch sieve, :

Inert filler shall be a sand suitable for the b%ott1ng mater1aT
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382.04  CONSTRUCTION. Except in the area identifi. d on ke Dlins. as the contr«l sertxoa, all the~ﬂa1 »rarks .
shail be sealed with the 'seali material designated for that szctisn. Thermal: cracks will be identivied by the
rgiraers these are usually transverse cracks exten wing for the full width of the pavement, genera11y in a fairly
trajght Tine. Thermal crack less than: 172 inck in wid-y shall be routed to 2 depth of at Teast 1 inch and to a -
width of at least 1/Z inch. A13 routed thermal cracks sn.all be clean:t with ew;her air OF water before §e=11ng. A11.
tharmal cracks over 1/2 inch in »':th need not be routed, but they shall be Cleanad with water before. sw2ling. . .

Except in the area identified on the plans 23 tne control. section, cracks other . than thermal tracks Sha]l beu,
routed, as designated hy the engineer, to secure a. depth of at least'l 1nch and 3 width of at least 1/7 “nch. AN
cracks to be sealed shall be cleaned hefore sealing. Cracks. that are roated may be cleaned with either air or water;
cracks that are not routed shall be cleaned with water,

With either air or water ¢leaning, there shall be suff1c1ent preesure to remove loose mdueriaT and ]eave c1ean
surfaces for proper honling of the sealer material, :

in the control section identified on the plans, cracks will not require traatment prior to resurfacing, Zn tast
sectiens, cracks designated by the enginesr to be sealed shall De sealed with the material indicated on ife yzans for
that sect10n, however, for pumpable slurry sections, cracks designated as thermal cracks shall be sealed with the
sturry mixture, and other cracks designated for sealing shall be sealed with CRS-2 emulsified asphalt. = Cracks to be
sealed with rubber1zed asphalt shall appear dry on visual examination, pricr to sealing; other tCracks shail be
allowed to dry 2 minimum of 2 hours after cleaning and prior to sealing, when cleaned with water. In the sections
designated by the engineer, cracks to be sealed with rubberized asphalil shall be partially filled with inert filler,
loosely placed so as to provide & minimum cover of 1 inch of sealer material over the irert f1ller. Cracks to be
sealed with a slurry mixture.shail be sealed full depth under 2 pressure adedquate o Fill voids.

Surface depressions adjacent to thermal cracks shall be corrected by s11qht1y overfilling wath the sealer
material or by.a separate application of CRS-2 asphalt emulsion. The overfiiling or asphalt ewu!s:on shall be
immediately smoathed with a hand scueegee and the area sprinkled with 3/8-inch cover aggregate.

At sealing shall be flush with the adjacent surface. With free-flowing material, measures shall be taken to
hold sealer in place, preventing runout fin low areas. This may be by 2 hand squeegee‘and a light apolication of
blotting material.

Any surplus material on the pavement sha!I be smoothed with a. hand squeegee and bIotted with sand or ugg 11me.

382.05 LIMITATIONS. The pians will xnd1cate requ1rements for traff1c contro] that may be necessary in
conjunction with this work.

The work' schedule shall be adjusted so that all traffic lanes can be cpened to- traffic at the end of’ the
workday. A1l equipment and traffic-control devices shall-be removed from the roadbed frcm 30 minutes befora sunset
to 30 minutes after sunrise,

The new wearing courses to be placed are designated in the contract dncuments P?acnment of these courses,
inctuding surface patches and wedge, laveling, and strengthening courses, shall rot be done on these sections for at

least 30 days after the crack sealing is completed. If apprOpriate, the engineer will 1ssue a teﬂpcraﬂy“sugpension;'
of work. . . el L

1382.06  METHOD OF MEASUREMENT. - The enginesr will compute from measurements the iengtns of crack: routed and
determine the quantities of various materials used. in experimental ¢rack. sea?ing. o

382.07 BASIS OF PAYMENT, For the various 1tems of work 1nv01ved in experimenta1 crack sea11ng, satfsfactorily
~ompleted, the contractor will be paid as follows:

1. Routing Cracks., For the number of feet of cracks routed, less than 1/2 inch in w1dth the contractor ~111‘
be paid the contract price per linear foot,

2. Sealing, Emulsified Asphalt. For the number of . ga110ns of emu1s1fied aspha1t used " in exper1menta1 crack
sealing, the contractor will be paid the contract price per gallon, This quantity is to include asphalt
emulsion used in the emuision slurry mixture,

3. Sealing, Emulsion Slurry, For the number of tons of aggregate used in the emulsion slurry, the contractor
will be paid the contract price per ton. .

Emulsified asphalt used in this mixture will be included in the Paragraph 2 quantity. '

4. Sealing, Fly Ash Slurry, For the total number of fons of cement used in the fly ash s]urry, the contractor
will be paid the contractor price per ton.

5. Sealing, Rubberized Asphailt, ~ For the number of pounds of rubberized aspha‘t used, the contractor will be
patd contract price per pound,

Payment for routing shall be full compensation for routing the ¢racks designated Payrient for each of the. xt&ms
of sealing shall be full compensation for cleaning the cracks -and for furnishing and plac1ng the sealer specifiad.
These payments shall also be f4yl] compensation for furnishing and placing inert filler in cracks des1gnated, cover
aqqregate over depressed areas at cracks, and sand or agg lime as blotter material, for traffic control as shown ‘on
the plans, and for furnishing all materials, equ1pment and labor therefor, in accord with this spec1a1 prov1sxon,
Artacle 1109.03 shall rot appiy to these items,

Traffmc wearing ccarses required by the the contract are not covered by th1s speciaI provas:on.
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Corps of Engineers Flow Cone Method
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C 611

CRD-C 611-80

TEST METHOD FOR FLOW OF GROUT MIXTURES
(Flow-Cone Method)

Scope : -

1. This method of test covers the procedure
to be used both in the laboratory and in the field
for determining the flow of grout mixtures by
measuring the time of efflux of a specified volume
of grout from a standardized flow cone.

Apparatus

2. {a) Flow Cone,. The flow cone shall
conform to the dimensions and other
requirements indicated in Fig. [

$114° OEAW ROINT

1H PuACE

L2

W uwonTAR LEVEL

VOLUME OF MORTAN
1¥2scg

TASY Asunym

STAINLEIS ATEEL

¢ !
DISCHARGE Tuar | =3 Y
BANTED TO-POURL . | i 1
BOLT FLANGE =** 7% i 10172
' Cans”
-
LTE b
(XN

Fig. 1. Cross section of flow cone

S1 Equivalents

U. 8. Customary. in, Si, mm
3jt6 5
14 7
1z £
34 0
telj2 38
3 %
7 m
g 08

GAGE. TACK wELD

{b) Stop Watch.- A stop watch having a least
reading of not more than 0.2 sec.

Calibration of Apparatus

3. The {low cone shall be firmly mounted in
such a manner that the top wilt be level and the
cone free from vibration. The discharge tube shalt
be closed by placing the finger over the lower end.
A quantity of water equal to 1725 £ 1 cc shall be
introduced into the cone. The point gage shall be
adjusted to indicate the level of the water surface.

Sample

4. The test sample shali consist of 17253 £ 1 cc
of grout. ' :

Procedure

5. Moisten the inside surface of the flow cone
(Note 1}. Place the finger over the outlet of the
discharge tube, Introduce grout into the cone until
the grout surface rises into contact with the point
gage. Star! the stop watch and remove the finger
simultaneocusly, Stop the stop watch at the first
break in the continuous flow of grout from the
discharge tube when the cone is essentially empty
{Note 2}. The time indicated by the stop watch is
the time of efflux of the grout. At least two tests
shall be made for any grout mixture.

Note 1o A recommended procedure for insuring that the
interior of the cone js preperly wested 1 1o fill the cone with water
and, one minuie before beginning 10.2dd the grout sample, allow
the water 10 drain from the cone.

Note 2.+ 1{ there is 4 break in the continuity of discharge prior.
to essential empiying of the cone, 1the grout is oo thiwk to be
propeciy tested for flow by this method.

Report

6. The report shall include:

(a) Average time of efflux to the nearest
0.2 sec,

(by Temperature of the sample at the time
of test,

{c) Ambient temperature at the time of test,

{d) Composition of the sample, and

(e} Informavon on the physical
acteristics of the sample.

char-
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Equipment List for Crack Filling

' crack Preparation

CRAFCO joint and crack routers (2)
Hotsy water blaster - 2000 psi
Grimmer-Schmidt air compressor - 150 psi

Crack Sealing

CRAFCO Model 5C 220 Kettle - 200 gal.
Sandpiper model SB 1 1/2-A pump

Towa DOT injection frame

Caterpillar end loader

A small portable mortar mixer

A tandem dump truck

Etnyre Distributor



