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INTRODUCTION

Dry pavements seldom offer inadequate skid resistance to a
rolling or sliding motor vehicle tire. The formation of a film
of water between the tire and pavement surface dramatically
changes the physical interaction that normally takes place.

Fven areater chanaes take place when the vehicle is required

to méke significant adjustments in direction or speed. Numerous
studies have been made in an effort to measure the skid resis-
tance, skid resistance requirements, tire characteristics, and
other related parameters. These studies caused the Federal
Highway Administration +n develop certain design criteria (1)
and demonstraticon procedures (2) for field trials and evalua-
- .

tions by the states. This report documents the Iowa Department
©f Transpeortation's activity on such a project designed to eval-
vate cne type of asphalt pavement surface that has, on occasion,
shown that it can provide supericor skid resistance when wet.

When first developed, this surface was called "Plant Mix Seal

Cpat" bhecause of its resemblance to chip seals commonly in

use; throuch development and usage it has been renamed "Open
Graded Asphalt Friction Course".
SDOBJECTIVES

Previous sztudies have shown that the characteristics of

the agoregate and the design of the mix determine the skid re-
sistance and strucsural performance of Open Graded Asphalt Fric-~
- ticn Course mixes. Generally, aggregate selection for other
types cf pavement and uses is heavily influenced by availability
and cost. Since the guantities of aggregate are significantly

reduced through Open Graded Asphalt Friction Course construction,
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loarstical problems associated with long distance shipping and

" higher unit costs could be justified on at least some high priority

safety proiects if this type of construction proves to be suffi-

A

c:ently superior. The major objectives of this project involve
the evaluation of several agqregates previocusly rated poor to ex-
cellent with respect to skid resistance and certain mix design
rarameters. Detailled lists of these objectives; divided inte
three groups, are contained in Table 1.

EVALUATION APPROACH

Project Information. To attain the objectives listed im Table 1,

the Iowa Department of Transportation, as the Iowa S$State Highway
Commission, developed Research Project HR-170 on the recommenda-

tion of the Iowa Highway Research Board and with approval of the
Federal lighway Administration. A construction contract (Story
County FN-69-5(15)--21-8%5) was entered into with the Iowa Road
Builders Company to construct ten test sections of Open Graded
Asphalt Friction Course on.US 69 north of Ames. Construction of

the two and one half (2-1/2) miles of test sections began on

Juiy 15, 1974 and was completed on July 17, 1974. An as-built
listing of the test sections is provided in Table 2 and a layout
15 nrovided in Appendix A.

The 2-1/2 miles of test sections are subjected to primary
road traffic comparable to many miles of road around the state

adjacent to urban areas. The Iowa DOT traffic records indicate

the 1974 Average Daily Traffic (ADT) is 4050 VPD. Approximately

5.5 percent of these vehicles are trucks.
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Tﬁe existing pavement consisted of P.C. Concrete eight inches
thick constructed in 1957 and asphalt concrete surfaced P.C. con-
crete pavement. The latter section of pavement had originally
been constructed in 1331, widened in 1955, and resurfaced in 1957.
Test Section Number 1 and part of Test Section Number 2 were con-
structed over the bare P.C. concrete pavement; the remaining sec-
tions (part of 2, and 3 thru 10} were constructed over the pave-
ment resurfaced with asphalt concrete.

Thé design, constructinn, subsequent testing, and evaluations
of the test sections generated considerable data. Mix design re-

sults are listed in Tables 3 through 7; project control test data

are summarized in Tab}gfns, 9, and 10. Skid test data are listed
in Table 11. All measurements and tests were performed per re-
quirémehts'of the Staﬁgard Specifications (3} and applicabkle In-
structional Memorandums (4) (5).

Materials. The project was set up to evaluate the Open Graded

Asphalt Friction Course using four comparably graded aggregates;

quartzite, fine grained limestone, coarse grained limestone, and

lightweight expanded shale. Source information and properties
are provided in Table 8. These materials were selected because

. —

they represent the range of crushed aggregate characteristics

normally available tc the Iowa DOT.
Quartzite has a good performance history in conventional
pavements and has algo been extensively and satisfactorily used

for filter stone and railroad ballast. Quartzite and traprock

have been considered the best materials available. Usage though,




has been limited because none of the sources (4 quartzite and
2 traprock) are located in the state.

Calcerous and dolomitic limestones of varying quality and
texture-grain size are ;vailable locally over much of the state;
coarse and fine grained limestcne aggregates were therefore in-
cluded in this project. Performance of the materials in pave-
ments and structures can vary considerably and they therefore
must be carefully selected and processed. Generally, limestone
aggregates 1in asphalt surface courses have been found to polish
guite rapidlf and contribute to low skid resistance values.

The polish~rate or 5N loss can generally be cor;elated to traf-
fic volunme ana aggregate texture or grain size.

Expanded shale-lightweight aggregate, available from three
spurces j(one in Iowa) was selected because it has been used ex-
ﬁensively by other states in open and dense graded asphalt mix-
tures to improve skid resistance. It has the advantage of being
significantly lighter and thus lesslcostly to ship. If it can
be shown to resist studded tire wear (it may be possible to pro-
:ect.this material through blending) and otherwise exhibit satis-
factory performance, it might become a viable alternative on soﬁe
projects.

#sphalt birder material used throughout on this project was
85-100 penetration asphalt complying with the requirements of

AASHTO Specification M-20. The properties of the material are

shown in Table 12.
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Project Construction. Construction operations were generally un-

eventful. The contractor arranged to have all of the materials
on hand at the plant site and was quite well organized. Except
for lowering the mixing temperature, only a few rather insigni-
ficant operational adjustments were necessary. The contractor
used a conventional Cedar Rapids Batch Plant equipped with a
Barber GCreene dryer, coid feeder, and pollution control unit.
A Cedar Rapids paver equipped with a vibratory screed was used
to place the material. Tihe mix was compacted with standard steel
tired {(static type) rollers. Compactive effort was controlled
with a simple procedural specification (3).

lowering the mixing temperature to prevent drainage of the
asphalt cément during hauling and placing operations was .ound
necessary on previous projects. Normally, asphalt mixtures are
produced at temperatures ranging from 250°9F (121°9C) to 325°F

{163°C). Because the Oper Graded Friction Course mixtures are

3

extremely oper graded ard contain few fines {(minus 200), the
viscosity of the binder must be reduced to prevent migration

and drairnace. The temperature range found satisfactory for
produsing these mixtures is 2009F {33°C) to 250°F (1210C).

he exact terperature for a civen mixture must be set on the

I. taking intc account such parareters as weather, haul dis-
snre, agsregate crnaracteristics, and binder properties. For
ound that the quartzite'mix used on Test Sec-
ti2ns % and 172 could be troduced as low as 200°F (93°C) and yet
e rariled sawisfaoncr.ily by %he vaver. 1t should be noted this
vie of mixture cocls zulite rap:dly and therefore can be diffi-~
riace by hand methods. Delays and cool weather can fur-

~rer cormrplicate placeren

and should therefore be avoided.

ct




PERFORMANCE
The performance £ field test sections must always be evalu-
ated in light of the wide variety of wvariables found in the Field,
as opposed to laboratory studies which can be performed under more
ideal conditions with the variables identified and controlled.
The results and conclusions that precipitate from field experi-
ments may be unduly influenced by uncontrolled or unidentified
-variables and therefore must be more carefully drawn. In some
cases, the conclusions must be gualified cor postpcned because the
trials have not run long encough to cause the actions and inter-
actions to set ocut observations which clearly set trends or give
cause to conclusions. Each of the original gggject objectives
{Tahle 1) has been examined in light of thé daka collected and
in each case, as outlined above, a determinafion has been made.
The "overall performance” of the ten tests sections of Open
Graded ?riction Course after 16 months of service can be classi-
fied into good and poor categories. Generally, bond, material
wear, mixture durabiliéy, and skid resistance of all of the mixes
must be rated good. Performance of all of the mixes over and ad-
jacent to cracks and joints in the o0ld pavement must be rated
poor. Extensive raveling and abrasion of the surfacing over and
adjacent to cracks and joints is taking place; this not only is
severely detracting from the appearance, but is very guickly re-
sulting in numerous non-uniform areas of driving surface. Fiéld
observations during periods of inclement weather also indicate
that snow and ice control operations are somewhat more difficult
to haﬁdle on the test sSections as compared to the dense graded
asphalt concrete.pavement located to the north and the P.C. Con-

crete Pavement located to the south.




Resecarch Objectives - Group I. Obijective A involves, in part,

the verification of observed performance demonstrated by the guart-
zite test sections on the preliminary Woodbury project (6). This

objective also requires a determinatioﬁ, if possible, as to whegher
quartzite is indeed a superiér polish resistant material as pre-

viously supposed.

Field observations appear to support the claims that quart-

zite i8 a sound and durable material, becasuse traffic and weather-

ing action have not depreciated the material on the road. Material
loss from the pavement surface can be attributed to raveling of

the mix adjacent to the many cracks that have reflected through

from the old pavement and widening. The skid resistance test
data of the quartzite sections (9% and 10), as shown in Figure 1,
-— cbmpare favorably with the Woodbury results and indicates that

gquartzite when used alone will provide acceptable SN levels.

Figure 1
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Objective B was designed to evaluate the effgct of blend-
ing the assumed superior ﬁuartzite with a typical <oarse grained—
textured limestcne. Crushed limestones comparabie to this one
are available over much of the state, but must be quarried se-
lectively and with proper inspection safequards. This group of
crushed limestones has generally performed satisfactorily with
respect to soundness and durability, although they have benn
found to polish when subjected to heavy traffic.for tong periods.
.Upgrading by blending may tnerefore extend usage and longevity.
The blend of guartzite and coarse grained limestone was set up
on an equal ratio basis, i.e. 50 percent guartzite, 50 percent
limestone; each material having comparable gradation. Thus far,
this blend (Test Sections 3 and 4) is performing satisfactorily
with respect to durability. It is also exhibiting, as shown in

Figure 2, an adeguate SN history.

601
50 4=
sv
40T
Figure 2
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50/50 Blend of Quartzite & coarse grained limestone
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Objective C was designed to evaluate an Open Graded As-
phalt Friction Course using the previously described coarse grained
limestone for aggregate. As mentioned above, this material has
been used successfully, in asphalt concrete mi#tures and is avail~-
able locally in many areas. It therefore needed to be evaluated
in this type of mixture. Based on the field trial in Test Sec-
tions 5 and 6, it would appear that this material Qill perform -
satisfactorily with respect to durability and, thus far, there
does not appear to be any indication that it will wear excessively.
The latter concern must be appreciated in terms of aggregate hard-
ness and mineralogy, traffic veolumes, and studded tire usage. All
pavement surfaces and materials wear somewhat, but the aggregates

—

in open graded mixes, due to the lack of supporting matrix, are
potentially subject to more than average wear. The SN data.
shown in-Figure 3, appear to be more va;iable and somewhat lower
on the average when compargd to the data previously presented.
It has maintained a higher SN level than the fine grained lime-

stone test sections constructed in Black Hawk County (7).

e Black Hawk @ Story
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As a side light, the data obtained from the test sections
constructed for objectives, A, B and C provide an opportunity to
examine the SN performance of two materials separately and in
combination. Figure 4 shows how quartzite and coarse grained
limestone resist polishing after four months and one yvear of
traffic. It should be noted that the 50/50 blend is composed

of comparably graded aggregates.

Percentage of Quartzite/Limestone/SN

60-- .
F"’“ 12 months -
50 - T
4 months _ _ e
SN 404
30T
Figure 4
20 .
Percentage of Quartzite’
100 me==Z i ° . 0
0 Percentage of Coarse Grainedw—_ g9
Limestone

The one year relationship, as is often the case, shows im-
provement in SN level over the shorter four month period. This

can be attributed to weathering and traffic wear of the asphalt

films present on the surface of the new pavement. The longer
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term trends will be examined in the analysis of the Group II
Objectives.

Objective D was designed to evaluate the performance of a
blend of quartzite and fine grained limestone. The combined ma-
terial was comprised of equal parts of comparably graded material.
Figure 5 shows ﬁhat-this blend placed on Test Sections 1 and 2,
is also performing satisfactorily. The combination generally ex-
hibits lower SN values than the previously described blend of
quartzite and coarse grained limestone. This was expected be-
cause the Blagk Hawk (7) Open Graded Friction Course project in-

dicated that fine gtained limestone aggregates, when used alone,

would not provide high #% values.

-

-

e Black Hawk* @ Story**
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Objective E requires that an evaluation be made by extrap-
olating the data éhown in figures 1 and 5 to verify the conclu-
sion drawn on the Black Hawk project that fine grained limestone
would exhibit low SN levels. The FHWA (1} et al have recommended
that such materials not be used because they tend to polish under
traffic. |

Figure 6 tends to confirm that this type of material does in

fact exhibit lower SN values.

604 Fine Grained Limestone/Quartzite

Story

Black wk
304 ack Ha

Figure 6

lOQ,a”’;7 Percentage of Quartzite 0

gfercentage of Fine Grained Limestone 100

Objective H was designed to determine if an expanded shale
{or clay} commonly gsed to produce lightweight concrete could be
blended with a fine grainéd‘limestone and thereby obtain improved
SN performance. Expanded clays and shales have been dsed.by
several southern states in this way quite successfully. Few
sources of this material are available to the Iowa DOT; this

of course can cause transportation logistics problems and result

in higher costs. There is also some concern with regard to

whether this aggregate is strong enough to resist studded tire
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5-1 wear. Obviously, test sections using this material were justi-

., fied on this project.

? Figures 7 and 8 indicate that this blend (Test Sections 7 and
B} is exhibiting satisfactory SN levels, Roadway examinations in-
dicate that the combination is performing quite well with respect
to wear and durability; surface éourse matetial loss thus far ap=-

pears to be associated with reflection ecrack raveling.

] sot
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‘ Figure 7
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Research Objectives - Group 1I

- The second set of research objectives, K,, through Kq, in-
volves the evaluation of the effects of traffic on the aggregates
used in the test sections. More specifically, of interest.are
the polishing rates determined by plotting the observed skid
numbers versus the cumulative vehicle passes. The resultant
slope K being the polishing rate. It will be noted that su¢h
slopes would be valuable deésign aids when selecting aggregates
for projects and for predicting performance.

In evaluating the traffic-SN data for the test sections on
the project, it was found that not encugh time had passed to
accumulate enough data points to establish definite trends. An
example is Figure 9 which displays the polish curve data for
the most polish susceptible aggregate used, i.e. limestone. The
polish curves for the other aggregates indicate similar.perforw

mance behavior and therefore were not included in this report.




Figure 9

-

-
L 3 o
— & TS

- L] -
_f-4_“h*‘?4¢—_~“-__£EEE£f_E?ta
. : i . ——

-'—‘——‘.—_'_‘—'—-k ea————

K=Slope of line

o
Abd
0
=
o}
=
=
—t
¥ e
[Zp)

1/ Measured at 40 Miles per hour

{ NN A O S N | {
5 . 10 20
VEHICLE PASSES-MILLIONS

FIGURE 1-PAVEMENT WEAR (POLISH) CURVES




i
b,
R .

e
=3

- 16 -

It would appear from the data collected thus far and the
traffic volumes that at least several more years of exposure will
be required before definite relationships can be established. A
follow-up evaluation and report will therefore be needed.

Although the data does not as yet indicate definite long
terﬁ ‘.;ends, they do indicate th.t considerable traffic passages
are req.ired to wear the asphals tilm off of th: aggrega:-e such
that the maximum SN values can be reatized. Or this project,
Figure ; 1 through 9 indicate that up to eirht (8} mon~hs or about
§00,000 vehicle passes respectively are required to maxirize the
SN potential. 1t wouuld be reasonable to expect that roads wich
higher traffic volumes would realize the maximum SN sooner be-
cause higher traffic volumes would wear the films more rapidly.

Research Obiectives - Group III

The first and second-objectives in this group involve eval-
uvating the effects of asphalt content differences with respect
to traffic and performance. 1In order to minimize the effect of
aggregate gradation, i.e., surface area, all of the mix designs
were set up with comparable aggregate gradation‘target values.
Two levels of asphalt cdntent {5.25 and 6.25 percent) were then
set to provide the different asphalt coatings on the aggregate
particles and air veoid levels. Because-thé expanded shale-lime-
stone aggregate combination had a substantially lower sgecific
gravity than the other aggregate types,‘the asphalt contents for
this special aggregate combinatipn were adjusted upward (one
percent) to provide comparable asphalt-aggregate relationships.

Specific data for the various mixtures are contained in Tables

3 through 7.
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: Field examinations of the test sections indicate that after
two winters there appears to be no relationship between asphalt
content levels and traffic with respect to performance. Raveling
type of wear, generai wear, and weathering to date does not appear
to he irnfluenced by asphalt content. While it is possible to

distingnish ketween aggregezste types .isually. it is not possible

tu) distinguish between the acsphalt content visually, even thouch ﬂ;
there is‘a 19 pescent voluretric difference, )

A detri.ed examination of the substantial raflec-ion crack- .f
ing also indicates that asphalt conteat has not *ntluerzed ravel- l;

ing wf the crack edges. This cracking has deviloped over 7ir-

tually all old joints, cracks, and patches and is the primary . ——

distress parameter in evidence in all test sections. In addi-

tion to being unaffected by asphalt content, the :eflection

cracking and related raveling does not appear to be influenced
by aggregate type.
In view of the performance observed to date, mix design

parameters can not be defined exactly; although it can be safely

concluded that none of the test sections exhibit evidence of

over-asphalting. This finding is supported by the observations

that flushing, bleeding, instability or other unsatisfactbry -
behavior caused by over-asphalting are not in evidence on any
test section. This would indicate that the asphalt film thick-

ness and air void levels for the higher asphalt content level

(6.25%) can be used for future designs. The lower asphalt con-
tent level (5.25%) used on this project, although more economical,
would, based on past performance on other projects and research,

be considered too low for good long term performance. Of course,

it will continue to be necessary to exercise good judgment, as
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is always the case, when designing mixes of this type. The
' primary characteristics requiring attention and consideration

will continue to be material characteristics such as aggregate

gradation and absorption, roadway features, and traffic.

T..e third research objective in the group involved evaluat-
ir3 bond ©o. the upen gradedfriction c_urse mixture in Test Sec~

t.ons 1 and 2 tc the portland cemert concrece pavement. There

had been repo-tw that this .ype of mix could not be l+orded s.cis
lacturily to such pevements withont fire placing a new csphalt

concrete binder course. In examining Test Sections 1 and 2, it

was found that all of the mix was satisfactorily bonded except
where reflection cracks and joints were showing through. Ravel~

ing at cracks and joints was found to be comparable to that cb-~ -

served on the previously overlaid sections, 3 through 10. Again

mixture asphalt content (5.25% & 6.25%) did not appear to affect A
performance with respect to bond or crack raveling. It was also
interesting to note that bond on both types of pavement was not

affected by the variable and substandard tack coat application

which caused some concern while work was in progress.




SUMMARY

A research project designed to evaluate Open Graded Asphalt
Friction Courses is described. The 2-1/2 mile project located
on U.5. 69 north of Ames in Story County inveolved placement of
ten (1) test sections. Mises were placed using five (5} aggre~
jate combiraticns, each at tw> {(2) asphalt coutents. Terformance
of the test sect.cns was eviluated by SN testing and fieid exami-
netions.

The 5Y performance of &all test sections atter sixteen (16)
months of traffic exposure was fou to be satiéfactory in that

none of the material combinations had polished to the point where

unacceptable SN levels developed. When material gombinations

were compared, refer to Figure 10, significant differences were
. noted. Three of the test sections, it is shown, exhibit higher
&N levels than the adjacent dense graded 3/8 inch Type A Asphalt

Concrete surface placed just before the research project began.




SKID NUMBER SN/40

55

50

45

40

FIGURE 10
SKID NUMBER VS. AGE

Test Section tegend

No.'s Description

1&2 . 508 Quartzite & 50% FG. Limestone

3&4 50% Quartzite & 50% CG. Limestone

566 100% C.G. Limestone

758 50% Expanded Shale & 50% F.G. Limestone
9510 100% Quartzite

EST
ECTION

g 10

- Control Dense Graded Type A Asphalt Concrete

F-Fine, C-Coarse, G-Grained ,,—f""—"‘—ﬂ“‘-—gﬂ——ﬁ

384

788

|

|

]
ConTROL B
H

182

|

=

' ’,/,/f/f”ffﬁfflffiﬂﬂ”””‘ | . ’

] i L 'l e 4

586

2 4 6 8 10 12 14
AGE - MONTHS

16




- 21 -

Field examinations through the fi?st 20 months of service
indicated that, except where reflection crack raveling was tak-
ing place, all of the mixes were well bonded, resisting wéar and
weathering satisfactorily, and did not exhibit obvious sensiti-
vity vo asphalt content. Thus far, the primary distress para-

"meter appesr: to be crack raveling; some maintenance will be
naeted in the near future because of this, It = _uld be noted

that the adjacent surfacing placed in 1974 on compjarablie base

will also snon require crack maintenance, althcugh to a lesser

extent..




CONCLUSICNS
The major objectives of this project involve the evaluation

of Open Graded Asphalt Friction Courses using the spectrum of

aggregates available to the Icwa Department of Transportation,

and certain mix desiqg . parameters., The following conclusions

are based on the performance observed on this project.
1. Open Graded Asphalt Friction Courses can be 3atis-
factorily constructed on and bonded to o0ld portland ce-

ment co. crete and asphalt concrete bases.

2, The primary distress parameter after 20 months of

ge: vice is surface raveling over and adjacent to vir-

tually all reflection cracks. ——

3. Crack raveling will require early maintenance,

L

reduce the effective service life significantly, and

detracts from the otherwise satisfactory appearance.

4. Within_the range of asphalt contents used on this
project, these mixes do not appear to be sensiti#e to
asphalt content. The performance of all of the test
sections indicates that future mix designs should ex-

hibit characteristics comparable to the 6.25% Asphalt

-

Content mixes.

Crack raveling does not appear to be affected by

asphalt content or aggregate type.

The quartzite aggregate after 20 months of ser-
vice appears to develop and maintain higher SN values
than the other aggregates and significantly influences

and improves the performance of aggregate blends.
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Expanded shale significantly upgrades the performance
of the fine grained limestone aggregate., Thus far the ex-
panded shale - fine grained limestone combination (Test
Sections 7 & 8) is eihibiting higher SN values than the
quartzite - fine grained limestone combination, (Test
Sections 1 & 2).

The second bes* SN performance curve is provided by

the guartzite - cnarse ygrained limestone combination (Tect

Sections 3 & 4).

It will be necessary to continue to monitor the per-
formance of the test sections for several more yvears in

order to fully assess the effects of environment and

dishenr

traffic.
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Table 1
Research OBJéctives - Group I

A, Compare initial SN* values for quartzite in Test Sections 9
and 10 with Woodbury County project tests. These are
the contrcl secticns. :

: B. Determine effect of ble=ndinjy coarse grained limestone and
. quartzite in Test Sections 3 and 4.

C. Deterrine performance of coarse grained limestune PMSC L
in 7est Sections 5 and 6.

. Determire effect r€ blending fine grained liiestone anéd
guarttite in Tesct Seccions 1 and 2,

b E. Verifv fine grained limestone performance by extrapolat-
4 ing {(A-D} and comparing results with Black Hawk County
proiect tests. :

H. Deternine effect of blending fine grained limestone and
expanded shale in Test Sections 7 and 8.

;. Research Objectives - Group II

‘ Ky. Petermine the effect of tra®E4c on SN for quartzite-
E . control sections,

-

Ky. Determine the effect of traffic on SN for coarse-
: grained limestone - guartzite blend PMSC mixture.

= ‘ Ky. Determine the effect of traffic on SN for coarse
E grained limestone PMSC mixture.

Ks. Determine the effect of traffic on SN for fine grained _
limestone - quartzite blend PMSC mixture. '

Ks. Determine the effect of traffic on SN for fine grained
limestone - expanded shale PMSC mixture.

Research Objectives - Group ITI

1. betermine effect of traffig _on asphalt content.
LQ]_‘r Lsz yQ]_r MQz: le M2’ LHl! LHzt Ql: Qz-

2. Establish mix design criteria for various PMSC mixes
and aggregate combinations.

3. Evaluate bonding of PMSC {Sections 1 and 2) to Portland
cement concrete pavement.

*SN - 5kid Number - Coefficient of friction as determined by the
locked wheel skid test trailer as specified in ASTM E-17.




Test
Section
No.

1
2

5
10

(EP)} Existing pavement type

Table 2

Test Secticon Layout

Aggregate Evaluation

Actual
SB NB
Sta., =- Sta. Sta. - Sta.
144+85 158405 144485  161+34
158405  173+08  161+34  174+76
173+08  186+78  174+76  189+61
186+78 200417  189+61  202+53
200417 210+65  302+53. 212480
210465 222437 217432  223+18
222437 235403  223+18  233+12
235403 250430 233412 244447
250430 261460  244+47  263+65
261+60  274+60 263465  276+85

- Story County U.5. 69 No. of Ames

50%
50%

50%

50%

100%
100%
50%
50%
100%

100%

*BOP ~ Begin project 1/2 mile south of beginning
Section 10 - Part North & part South of Gilbert
Section Length approximately 1/4 mile
Penn. - Pennsylvanian System - "Argentine L.S. Member" -~ Source Menlo, Ia.
Quartzite - Source - New Ulm, Minn.
Mississippian System - "Maynes Cr. L.S. Member" - Source - Ferguson, Ia.

Per Cent Aggregates

Pénn; L.S.
Penn. L.S.

Maynes Cr.
Quartzite

Maynes Cr.
Quartzite

Maynfs Cr.
Maynes‘Cr.
Penn. L.S.
Penn. L.S.
Quartzite

Quartzite

50% Quartzite

~ 50% Quartzite
L.§5. - 50%

L.5. =~ 50%

L.S

L.S.

- 50% Exp. Shale

- 50% Exp. Shale

of existing A.C. surfacing.

Cor., Jct.

Expanded Shale H - Light Wt. Aggr. -~ Source - Centerville, Ia.

Co.

RA.C.
5.25

6.25

6.25

(EP)
C
PC

AC

AC

AC
AC
AC
AC
AC

AC

Actual
Tonnaye
SB NB
72.5 72.5
72.5 72.5
60 72.5
13; 72.5
72.5 72.5
72.5 172.5
N
249
58 58 .
66 58
74.4 135.36
60 71.2

Rd. E-23, and includes Intersection




T TABLE 3 /Jrsp*é Mi:(c Design 8
: H.Crtgles FN-69-5 15)--21- 5
wI Blioverts 'onA STATE MEAY, CouMseton ‘Story
la,Rd.Bldrs, ASPHALT CONCRETE MIX DESIGN L.Zearley
AMES LABORATORY R.Henely _
P.MeGuffin
M., Stump
Mix, "?DC and Class; Plan t b‘iix Seal COaﬁ Size 1/2 " t.ab. No D"""gu
smtended Use: spec.No. TH3 & Droposal pae reported__ 8=8-TH
County  __iLOTY _ Proj. No. FN=60~5(15) ~=21-85 Corractor 18, Road Builders Zc,

Proi . Loction:_ 00 U.3. 03 North of Amss

rep. " e L7 Lo Ghips-Menlo Gr o -Aduir Ca,33/8" Quartzite chips-New Ulm-Minn,:;7/32"

Muertzite-New Ula-Minn,

Job Mix Formuls Aggregate Proportions: 0% AATH-308:31,3% AATH-393318,7% AATH-392

JOR MIX FORMULA - COMBINED GRADATION
1% LA 3/4" %' 38 #4 L1.] AL #30 NSO #100 200

100097 |44 |10 (5.2 | 3,90 3,1]2,6|2.4

Toleranc»
Results based on calculations using Sp.
Asphalt Mix, ABC « Gr. of 1" specimens with 50 blows on ong side
Date Tn:ed' ?"'9-74 7-9"7“* 7“‘9“74 ' 7"9“?4
% Dry Agg.in Mix 45,00 94,00 93,00 92.00
X Asph.in Mix 5.00 6.00 7.00 8.00
Marshall Stabiity - Lbs. 0ge 1278 1097 1020
Flow - 0.01 In. 10 8 9 12
l spec, O blows one sidp 2,12 2,14 2,13 2,17
By Dlsplacement 2.13 2.13 2.12 2.12

Sulk Sp. Gt . Comb. Dry Agg. , 2. 646 2,66 2.646 2,646
Sp. Gr.Asph. @ 77F. 1.025 1.025 1.025 1.025%
Calc. Solid $p.GCr. 2.47 2.4 2,40 2.37

Rice Sp.Gr. 2,48 . 2,44 2,40 2.38
x Voits 3,2 12.1 11.2 8.3
% Water Absorption -Aggregate 0.67 0.67 0. 67 0.67
% Voids in the Mineral Aggregate 23.9 24,0 25.1 24,6
X V M.A. Filled with Asphatt 4o.5 Lg.s 55,3 66.3
Calculated Asph. Film Thickness (Microns) 22,4 27.6 32.8 38.1
Test Sec.#l~ 2 .25% gr“*lOO pen. asp. recommended,
Test Sec,#2-~ 2 100 pen, asp. recommengded, ﬂ-‘-—"""
' " 5,” 5 p p SIGNED: %*-i—&—/ C.
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. oo, TABLE 4 _~Asphalt Mix Design

2 L. Zearley

. PR O S R AL C S 1ON FN-69-5(15) -221-85

. ASPHALT CONCRETE MIX DESIGN Story

- B. Ortgies . AMES LABORATORY R.C. Henely

E: S. Roberts G. Perrin P. McGuffin

e | 1. R4. Bldg. C. Jones M. Stump

. _ 3 ., Type and Class: Plant Mix Geal Coat __swe X" 1ab.No..ABD4-95

. BT spec.No. 143 & PLOFOEA1 pate femrted B-B=T74 *
W comy:__Story proj.No. _ EB-69-5(15)~-21-85 _ contra-tor .JO¥@ Road Builders Co.

L Prol. ke O U.S. 69 North of Aues .

_ Ags. Sowces: L3t.Chips-Ferquson Qr,-Marshall Co,; Agdq,Lime-Ferguson Gr.- Marshaill '

3/8"Quartzite chips-New Ulm-Minn,: 7/32"Quartzite-New UlmeMinn.

Job Mix Formula Aggregate Proportions: 45% AAT4-394; 5% AAT4-395; 31.3% AATA4-393;

a 18,7% AAT4-392

L JO8 MIX FORMULA - COMBINED GRADATION
3 ™Y ] 17 [ 3/4¢ | w' [3/m 1w T M16 1 #30 | #s0 | #100 | w200

100 | 93 41 11 6.815,213,912,9:2,4

Tolerance
Results based on calculations usmg Sp.
Asphalt Mix, ABC - Gr. of 1* specnnens with 50 blows on one|side. R
Date Tested 7-9-74 7-9-74 7-9-74 7-9-74
X Dry Agg . ln Mix 95,00 94.00 $3.00 92.00
% Asph. I ix 5.00 6.00  7.00 18,00
| Marshatl Stabiiity - Lbs. 1900 2125 1960 1633
Flow - 6.0% in. 8 11 _ a8 11
1" spec, 50 blows one 2.16 2.17 2.17 2.17
S6.Gr. By Displacement o jde 2.14 2.16 _ 2.19 2.16
Bulk Sp. Gr. Comd, Dry Agx. 2,634 2.634 2.634 2.634
‘ Sp- Cr.Asph.# 77 7. 1.025 1.025  1.025% 1.025
R Caic SOULSOSEr: 2.47 2.43 2.40 2,36
. ‘ 2.444 2.401 2.407 2.381
T % Voids 12.4 10.8 - 9.5 8.2
X Water Absorption -Aggregate 0.93 0.93 0.93 0.93
%-Voldl in the Mineral Aggregate 22 1 , 22.6 23.4 24.1
% ¥V MA, Filled with Asphalt 43.5 52.2 l 50,5 66.7
L Calculated Asph. Film Thickness (Microns) 20.6 25 .4 30,3 15 4
Test section #3 -- 5.25% 85-100 pen. asphalt recommended '

o " #4 -- 6,25% 85-100 pen, asphalt recpsmended
SIGNED: &ﬁ" AN SRR . SN
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. : TABLE 5 sp%alt(Mix Desglgn
S,Roberts : FN=-00-5(15)--21-85
W o O s, 1OWA STATE MGHYAY COMMISSION Stony>)
- ASPHALT CONCRETE MIX DESIGN L.Ze&rley
AMES LABORATORY P.McGuffin
M.Stump . -

- Mix, Type ané Class:___Plant Mix Seal Coat size 1/2" L.btﬂo_asnﬁ-gé
'- W eended Uso: spec.No. 143 & Dronosal pare reported 8-8-7h
SR oy _itory prol.No. _FN=69-5(15}-=21-85 _ convactor Ic¥& Road Builders Co.

Pro). Location: QN U, 8, U9 North of Ames

; " Agg. Sowrces: __1:5t. Chivs-Ferguson Qr,-Marshall Co,; Agg, Lime-Ferguson Qr,-Marshall "

Job Mix formuia Aggregate Proportions: 90% AATH-3943 10% AATL-3095

108 MIX FORMULA - COMBINED GRADATION
1% 1 3/4 %'’ b i\ LE) L] (AL #30 50 ¥100 #200

100186 | 4oliz 10 l7.8i6.0l4.713.7

": B . Results based on calculations using Sp.
Asshait Mix, ARC - Gr. of 1" specimens with 50 blows on on siz.ie
' | Date Tested 7-12-7h  7e12-7h  7e12-7H 7-12-Th
; . ;}_m AgE . In Mix 95,00 Gh,00 93,00 92,00
"“ % Asph. In Mix 5.00 £.00 7.00 8.00
[ Y 2425 2375 2383 2208
E Flow - 0.01 1. | 9 9 | 9 10
LB O O 200 209 223 2
Bulk Sp. Gr.Comb. Dry Agg. 2,616 2.616 2.616. 2,616
$0.Gr Asgh. 0 77F. 1.025 1.02% 1.025 1,02%
Cak . Sotid Sp. Gr. 2.47 2.44 2,40 2.37
X Voids - 111.9 10.2 7.2 5.0
X Water Absorption -Agsregate 1,67 1.67 1.07 1,67
_m . % Volds in the Mineral Aggregate 20.8 21.3 20.7 20.9
| X V MA. Filled with Asphatt L3,0 52.3 65.3 76.1
Calcvlated Asl;h. Film Thickness (Microns)| 15.9 20.1 ol 5 28.9

Test sec.#5- 5.254 B5-100 pen.Asp. recommended.
#6- 6.25% 85-100 pen.Asp. recommended,g” 7

SIGNED:

S




‘S. Roberts

Mix, Type and Class: Plant Mix Seal Coat

o~ 3
TABLE 6

torm tha Ia. Road Bldrs. IOWA STATE HIGHWAY CORKISSION Story
c. J .
G. nggn ASPHALT CONCRETE MIX DESIGN = ° . 2eariey

AMES LABORATORY

Site

g halt Mix Design
“‘%N—69-5(15)—-21 85

R.C. Henely
P. McGuffin
M. Stump

5o Brf5591eS asps-lol

imended Usa:

County .. Story

P, . No.

- S?QC.NQ.'743 & Proposalnat‘ fe ported 8-08-74
FPN-68-5(L5)~~21-85

Comraciy _Lwwa Road Bullders c'o.

| hﬂ.uxuhm,_ﬂon U.85. 69 North of Ames

AZg. Sturces:

Lst. Chips--Menlo Qr.--Adair Co.; Light Qeight aggregate--Centerville-

Appanocose County

Job Mix Formsia Aggregate Proporiions:

63.¢% AAT4-398; 36.1% .

T4-420

108 MIX FORMULA - COMBINED GRADATION

W' /8" LA

LL] 416

#30 4200

w30 #100

100

96| 39

11 ]5.6

4.9 3.7 13.1

1001 .96 42

1216,0

4.1

+

4,614.2

3.813.4

Asphatt Mix, ABC -+

Date Tested

% Dry Agg . in Rix

% Asph. 1a Mix 5 .00

Marshall Stability - Lbs, 1442

Flow - 0.0% in. 11

1.70
1.72

“ Grlynhp?c blows one side

Bulk Sp. Gr.Comb. Dry Agg.

Sp. Cr.Asph . e 77F.

Calc, Solid $p. Gr.

2,10
2.03
19,2

Rice Sp. Gr|
%X Voids

% Water Absorption -Aggregale

0.70

% Volds n the Mineral Aggregate

26.9

%V MA. Filled with Asphalt

28.8

Calculated Asph. Film Thickness (Microns)

7-12-74

95.00

2,209

1,025

- results based on calculatlons using Sp,
of 1* Speclmens with 50 blows on one side.

94.00
6.00

1410

11

1.69
1.73
2,209

1.025
2.08

1.97
18,7

06.70
28.1

33.3

7-12-74

Gr.

7-12-74 7-12-74

93.00  92.00

7.00 8.00

1327

1970

13 12

= 1.78 1.74
1.73 1.73
2.209 2.209

1.025 1,025

2.06 2.04
. 1.9 1.98
13.5 14.5

0.70 0.70

25.1 27.5

46.2 47.3

Test section #8---7,25% 85-100 pen.

Test section #7---6,25% 85-100 pen. recommanded

rec%ﬂmagged
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) TABLE Asph. Mix Design
B. Ortgies

? _ ‘ .. Zearley

B mr sl roverts A STATE MOMALSOMISSION  FN-69-8 (15) --21-85

y Ia. Rd. Bldrs. ASPHALT CONCRETE MiX DESIGN Story

p: C. Jones AMES LABORATORY R.C. Henely

3 G. Perrin P. McGuffin

Mix, Type and Clase: __Plant Mix Seal Coat size_ " Lab, No, _ABD4-97

E \mended Lse: spec.No. 243 & DPToposalpe gepned_ 8/8/74

E. County Storv Proj. No,_ FN—-69~5 (15) ~~21~85 Contractor _1OWa Road Builders

2 Co.

Prof. *xcanion: ON U.S, 63 N. of Ames

_ Agg. Socces: _3/8" Quartzite Chips - New Ulm, Minnesota; 7/32" Quartzite - New

glﬁj Ulm, Minn,: Portland Cement Fillex v
‘f Job Mix Forouls Aggresate Propontions: . 00.5% AAT4-393; 37,.5% AAT4-392; 2,0% Portiand Cement

- JO8 MIX FORMULA « COMBINED GRADATION '
T e L1 T340 1w [a/8 | us 88 | 416 | £30 | wso | w100 | #200

100 43 13 5.21 4.4 3,71 3.41 3.2
— o=

Tolerance

-

Results based on Calculations using

Sp. Gr. of 1" specimens with 50 blows
on one side.

7/10/74 1/18714 1/4Q7347 . 7/10/M%

Asphait Mix, AB( -

Date Tested

% Dry Agg . tn Mix

95.00 - 94,00 93.00 92.00
% Asph. in Mix 5.00 6,00 7.00 8.00
Marshall Stabitity « Lbs. 1033 1108 917 708
Ftow - 0.01 In. g . 9 10 12
I™ Epec. 50 BIowidone 2.14 2.15 2.158 "2.15
_Sp.cv. 8y Displacement SlG€ 2.15 2.15 2.13 2.11
Butk Sp. Gr. Comb. Dry Ags- 2.660 2,660 2.660 2.660
$p. Gr.Asph.# 77 F. 1,025 1.025 1.025 1,025
= Cale . Solid 5p. Gt 2.47 2.43 - 2.40 2.36
'I : . 2.48 2.45 2‘40 2.40
ne % Voids 13.3 .11.6 10.3 9.0

. % Water Absorption -Aggregate 0.13 0.13 0.13 0.13

X Voids in the Minera| Aggregate

23.6 24,0 24.8 25.6
% VMA. Filled with Asphalt 43.7 - sl.9 58.6 65.0
Calculated Asph, Film Thickmess (Microns) 20.0 24. 2 28.6 33.1
Test Sec. No. 9 5.25% 85-100 Pen Asphalt recommended

1o 6.,25% 85-100 Pen Asphalt recormended
SIGNED:__ %7




Table 8

Aggregate Data

Material Producer Source Average Test Results
Gradation
F4T-MABra JAbSO.SP. 6T 3 5= | 378 | No.4 No.8 | Hells i Neo.36 | No.50 [No,108 {No, 200
Concrete Ferqguson Quarry
1/2* Crushed Limestonsd] Materials [HWSHSEIN-1TN 1.3§ 32 270 2,599 190 B4 34 2.0 18 1.2 1.1 1.0 n.9
Concrete JFerquson QUARTy | —=w=] =——| oo oweees oo 87 66 50 38 27 ’
Crushed Lirestone Materials
Menlio Quarry {5.12§23.6} .70 2.668 100 94 47 e 7.0 5.2 4.5 4.0 3.7
Crushed Limestone Sehildberg ]SWSE-17-TIR-31W . )
%ew Ulm Mew Ulm, 4
F/32x4E Cuartzite suarries, inc Minnesota 0.4 {24 N.AM 2.656) 100 10e o8 24 1.6 .5 2.5 1.8 1.5 k:
" i
Hew Ulm Hew Ulm, 0.4 |24 IN.A.] 2.6%] 100 | 100 €.3 3.2 2.4 1.8 1.4 1.1 1.0
1/2%19/€4 Duartzite q:aarnes,xm; Kinnesota .
3
- + - #
Centerville ] ﬂ
Ixpanded Shale iCarter Waterd NWh23-69N-18w. [1.5 IN.AJ 6.6 | 1.651 100 35 | 32 7.7 4.1 3.7 3.6 3.3 2.8

" ot Available




Table %

Comparison of Gradation Tests

E ; Test Section to. 1 ‘ Test Section No, 1 test Section Ho, 3 Tuat Se~tion hNo. 4 Test Sec:zon Ko, b *
-. Porcent Pesaine Parcent Taasing Percent Passing Porcerit Pasning Forcent Fassing ’
; 'f5‘; Sieve Size — M7 or Ext: SMF cr Extr, || JMF CF Extr. JmMr l CF Extr. Mot cF Exer.
N 1/2 160 108 100 100 160 100 100 100 140 100 100 160 100 100 104
/8 97 97 - %7 97 %7 - 93 94 93 ‘93 54 93 86 -3 g7
to. 4 44 ! 47 “ 44 48 41 43 44 41 43 43 40 43 48
i Ho. 8 12 18 18 12 15 18 11 18 19 11 18 18 12 19 20
- to. 30 3.9 5.2 6.8 3.9 5.2 7.0 7.0 5.2 8.3 9.1 5.2 .3 7.8 iz B ¥
. _ to. 200 2.4 3.3 3.1 2.4 1.3 3.7 2.4 4.4 5.3 z.4 4.4 4.8 3.7 6.7 7.7
SLa VA /Bateh Wi 5.25 6.25 5.25 6.25 5.25
i"_l Test Section Yoo 6 Test Section WNo. 7 test fecticn ¥o. € h—y’zwsf Section No. 9 Test Section No. 1D
N 1/2 100 1cd 168 160 log 166 100 . 168 100 100 100* 100 150 150" 160
/¢ Bé &5 86 96 94 9% 926 98 97 100 108 160 100 100 100 '
vo. 4 s | 43 24 42 38 15 4z’ 38 38 43 39 31 43 10 31 b
- Yo, ® 12 .19 19 12 i3 15 12 13 5.1 13 12 15 13 iz i !
.l = %o. 10 A8 12 11! 4.6_ 6.1 1.0 4.6 6.1 5.4 4.4 1.9 6.1 4.4 3.9 7.0
o so. 200 3.7 6.7 1.6 1.4 4,7 5.2 3.4 4.7 ' 4.2 3.2 1.5 3.3 3.2 1.5 3.3
o v AL, /Patch Wt 6.25 6.25 1 .25 5.25 .25
; Extr. - Extracted Gradation *add 2% Portiand .

ImP . Jop Mix Formula Target Gradation CF - Cold Feed Plant Gradation C
Cement Fillar
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Table 1O
Laboratory Test Dats

Test Gradation Ly Extraction “:::’;:n:,.r lub Deasity ] Marshall | Marsnail

Section 14" e /8" Yo . 4 Ho.8 Ho, 16 ¥o, 10 HO-50 | No.1DG Hp.200 Jeat=h weiguii-+ {avteel Srabllisy Tiow
1 100 100 97 47 19 9.% &4 4.8 © 3.6 1.1 5.25% 1.21 .16 1096 io
2 100 100 97 44 16 2.5 7.1 5.4 4.2 1.7 6.3% 1.2% .56 1065 13
3 100 103 93 44 19 i1 9.1 1.3 6.0 5.1 5.35 2.27 .17 pY: 31 a8
4 168 100 93 43 | £:] 13 A.8 7.0 5.8 4.9 .25 .30 2,21 17} 3
5 190 100 87 AR 20 14 11 .10 9.0 7.7 5.25 B { 2.0 7532 2
6 168 100 8h &4 19 13 1l 10 8.8 7.6 6.2 2.3 [ 2.4 2343 16
6A s Y 100 26 it 16 12 10 4.9 7.9 6.8 6.2% 232120 2210 9
7 100 160 95 1% 15 .8 7.0 8.1 5.6‘ 5.2 6.25 1.70 1.74 14561 I ¥
;] 100 100 97 33 9.1 6.3 5.4 4.9 4.5 4.2 T7.25 1.98 1.70 1265 12
9 190 100 100 n 15 8.3 6.3 4.7 3.8 3.3 5.25 2.1 2.19 T2 io0
Hel 109 100, 100 b3 15 %.0 1.0 5.2 4.0 3.3 6.25 24 2.18] 827 12

e 187 - ion 100 29 14 8.2 7.1 6.5 5.6 4.8 6.25 iR.ZO 2.19 953 12

wvgu—
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Table 11
Skid Resistance Results
A.C. Resurfacing Research

(Story Co. FN~69-5(15)-~21-85)

SBCTEICN :
Date 1 2 3 4 5 6 7 8 9 10 Control
NB 5B NB SB NB _SB NB SB NB SB NB SB NB SB zggﬂsg_z;_ *I& 8B NBR SB NB 5B
1574 :
g~19 1% 40 40 40 44 45 42 44 39 42 38 36 44 45 45 44 47 45 44 44 - -
10-28 44 43 41 43 49 48 48 49 43 43 45 41 46 47 47 45 T3 48 50 50 43 44
v 1975
422 48 48 48 44 52 54 53 52 48 43 45 42 49 49 49 48 56 53 55 57 48 48
6-02 45 46 44 44 49 53 50 50 44 42 43 43 49 50 51 49 56 50 52 56 47 49
6-06 50 45 47 44 53 52 54 49 49 44 43 39 51 50 54 50 57 51 54 57 42 48
6~13 48 45 49 44 52 51 55 50 50 44 45 39 52 49 54 50 57 52 52 56 45 50
6~20 51 48 49 46 54 54 54 53 50 48 47 45 53 53 54 52 5% 55 57 58 51 53
6-30 49 45 48 44 54 52 55 53 49 44 46 40 52 52 54 52 38 =3 55 57 48 52
T7-03 47 46 '46 45 54 53y} 54 52 48 44 45 40 2 52 54 51 5B 52 52 58 47 52
7-11 47 44 46 45 50 52 %3 52 48 44 44 44 05 52 50 58 53 52 57 50 50
7-18 43 50 43 54 50 54 49 48 44 590 42 39 47%4 49 51 "5 354 50 42 44 50 "
7-25 45 47 45 46 52 56 52 53 45 45 42 42 49.50 51 51 5% 52 52 &0 48 53 w
8-01 42 48 41 58 48 55 51 49 41 47 38 49 48 37 50 40 54 48 52 51 43 43 Iy
8~15 44 45 42 50 52 81 51 46 44 42 38 50 49 51 50 56 51 52 56 48 49 :
8-28 46 47 48 44 54 54 54 54 49 47 45 42 50 %1 53 S0 57 53 56 56 48 49
9-05 53 51 52 50 58 57 57 56 55 53 55 48 54 52 55 55 58 54 56 58 52 54
§~312 46 47 47 45 54 B3 52 54 51 43 43 43 51 50 51 51 57 52 33 56 49 52
9-22 44 43 44 42 50 52 52 50 44 40 39 38 49 50 52 49 56 52 52 56 45 48
9-26 45 42 - 46 41 51 51 50 49 41 38 37 39 49 49 50 50 5S4 5l 54 55 44 49
10-03 45 44 42 40 49 49 49 44 42 38 38 35 47 48 49 4% 52 50 51 56 45 48
10~07 45 41 42 39 47 51 49 48 39 37 37 36 44 41 51 46 54 48 53 54 44 46
10-27 46 46 45 42 52 54 52 51 44 42 43 36 49 51 54 58 56 51 54 57 47 46
10-31 47 46 48 43 51 53 51 52 43 43 42 39 48 50 54 48 58 51 55 5% 49 51
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+ SUPPLEMENTAL REPORT NON-PARTICIPATING PROGRESS RECORD SAMPLE Aaphalt./

FTHM S Towa State Highway Commisaion Ece9 51Dy -21-85
MATERIALS DEPARTMENT Story Co.

TEST REPORT — MISCELLANEOUS MATERIALS  FP.McGuffin

_ AMES LABORATORY
TABLE 12

Material Asphalt Ac 85/100 7 Laboratory No,__ AB4-128
Intended Use_rc8t Section

oty Srory proj, No __FN-69-5(15)--21-85
E Produce Americsn 011 Contractor Towa Road Builders

s

Unit of Mtertal Sampled from valve on plant

Sesapled by C.Begg Zender’s No._ 276D4-15
] Date Sampled___7/16/7% ____ Dare Bac'd—___7/17/T5 ___ Date Reported _ 8/6/74
—
Specific Gravity at 602_]?-/600{-", _________________
3 Soft. Point: Méthod (R & B} ———remcccmme—cc———— oF,
pentration at 77°F, 100 Gms. 5 SeC. =—=——mmea—e- 98
: Flagh POINt —me e e , . Op.
-, Soluble in Trichloroethylene —-meccemcocwm—meae- 99. 95 %
4 Ductility at 779F. ==mmmceecccecceec————————— 1304 Cms.
SPOt TeSL e e e o e e e
Thin Film Loss on Hea¥fing 5 Hrs. at 3259F. —===w- 0.02 *
; Penetration of Res. at 779F.100 Gms. 5 Sec. . —--- .,
% Original Penetration (Thin Film Res.) ~~--—=-- 65
Ductility at 779F. {(Thin Film Res.) --==—-r—cenos 130+ cms.
* Absolute Viscosity , Originaless-eeemceccocacacmcanecann. 848
Absolute Viscoalty, T.F.=-r=-=cmumccrrromer e ccameaae e 1675

DERPOATTION: Complies ‘ Signed
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APPENDIX B
SITE PLAN

Sta. 276485

" End Project

e Sta. 144485
Begin Project

City of Ames _y,

-




