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ABSTRACT

Since 1987, the Iowa Department of Transportation has based control

of hot asphalt concrete mixes on cold feed gradations.

This report presents results of comparisons between cold feed gra-

dations and gradations of aggregate from the same material after it

has been procegssed through the plant and laydown machine. Results

are categorized based on mix type, plant type, and method of dust

control, in an effort to quantify and identify the factors contrib-

uting to those changes.

Results of the report are:

From the 390 sample comparisons made, aggregate degradation due
to asphalt plant processing was demonstrated by an average in-
crease of +0.7% passing the #200 sieve and an average increase

in surface area of +1.8 sg. ft. per pound of aggregate.

Categories with Type A Mix or Recycling as a sorting criteria
generally produced greater degradation than categories contain-

ing Type B Mixes and/or plants with scrubbers.

None of the averages calculated for the categories should be
considered unacceptably high, however, it is information that
should be considered when making mix changes in the field, se~
lecting asphalt contents for borderline mix designsg, or when
evaluating potential mix gradation specification or design cri-

teria changes.,
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INTRODUCTION

Prior to 1987, bituminous mix gradation control was based entirely
on extraction gradation results., Beginning with the 1987 con-
struction season, control of asphalt concrete mixes was based on
the gradation of cold feed samples in an effort to reduce, 1f not
eliminate, the number of methylene chloride vacuum extractions per-
formed in the District Materials Laboratories. New gradation lim-
its established for cold feed sampling were based on a project
records study in which extracted gradations were compared with cold
feed gradationg to determine the average difference in percent
passing for each sieve size. The primary benefit derived from im-
plementing the exclusive use of cold feed control would be the
elimination of the labor intensive methylene chloride extraction
procedure which requires the use of large guantities of an expen-

sive and hazardous chlorinated solvent.

PROBLEM STATEMENT

The aggregate gradation of a bituminous mix is one of the most
critical components in determining mix design and construction
characteristics such as % voids, % VMA, density, stability,
workability, and recommended asphalt content. Thus, gradation con-
trol is essential for assuring that specified gradation require-
ments are satisfied, and the resulting mix meets or exceeds the
design criteria. A detrimental limitation of cold feed gradation
control is that cold feeds are used to evaluate mix gradation,
while all other tests, such as density and stability, are performed

on mix that has been processed through the asphalt plant. Grada-
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tion changes, specifically aggregate degradation due to plant proc-
egsing and handling, must be anticipated and evaluated so mix
design criteria and, consequently, pavement guality, is not compro-

mised.

The primary objective of this study is to determine how processing
through the asphalt plant affects aggregate gradation of a
bituminous mix. Within this primary objective, the study will also
examine how other factors, such as plant type, pollution contxol,
or mix type, may be related to any gradation changes that may be
identified. Results of the study will be useful in verifying gra-
dation limits established in 1987, and in providing data on which
new cold feed gradation limits and filler-bitumen ratios can be

founded.

PROCEDURE AND SCOPE

All samples usged in this study were obtained from projects con-
structed during the 1987 construction season. For purposes of this
study, District Materials personnel were requested to deliver, to
the Central Materials Lab, a series of box samples for each mix de-
sign used on a project in their district. Information requested to

be provided with each sample included the following:
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Material Description (size, type, and class)
Project No.

County

Contractor

Plant Type (drum or batch, baghouse or scrubber)
Mix Design #

Date Sampled

Cold Feed Gradation

Percent Asphalt Intended

Percent Asphalt ({tank stick)

Percent Asphalt (district nuclear determination}

The District personnel were requested to coordinate sample procure-
ment such that the material represented by the cold feed gradation
was also, aé closely as possible, represented by the mix sample
gradations., Sampling was to be distributed over the project length
as much as possible, and the number of samples submitted per

project was based on the following schedule:

Project Mix Design Quantity No, of Box Samples
< 10,000 tons 3
> 10,000 tons 5

At the conclusion of a project, the box samples were delivered by

courier to the Central Materials Laboratory where a 1-1-1

trichloroethane reflux extraction was performed to determine grada-
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tion and asphalt content. A nuclear asphalt content determination
was also made on those samples for which a nuclear calibration was

available.

In 1987, 259 bituminous mix designs were performed by Central Labo-
ratory and District Laboratory personnel. Of these 259 mix de-
signs, 35 failed to meet design criteria, resulting in 224 mix
designs released for production. For purposes of this study, sam-
ples were requested for all mix designs used on 1987 paving
projects. There was no request made for the number or source of
samples collected to be based on specific mix types, project lo-
cation, or any other criteria. Of the 224 mix designs issued, 396
samples representing 110 mix designs, 99 projects, and the follow-
ing mix types, were received and processed by the Central Materials

Bituminous Section.

TABLE I
CATEGORIZATICN OF SAMPLES RECEIVED

gt i = T T I SR A4 WAL W D S0 T G S M Ml o i M St Ol Y Yo T T W AP UGt WA A AL s S Mt i G T S S W P MR NS A LSS S S ok s S feih b o ke S e A LS LS M

Mix Size Type No. of Samples Processed
3/8 Type A 3
1/2 Type A 51
1/2 Type A Recycled 20
3/4 Type A 67
3/4 Type A Recycled 17
1/2 Type B Class II 3
1/2 Type B Class T 52
1/2 Type B Class I Recycled 6
3/4 Type B Class II 38
3/4 Type B Class I 105
3/4 Type B Class I Recycled 34

Total 396
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The samples were received and stored in the Central Lab throughout
the summer and fall of 1987, and processed from November 1987
through January 1988. Reflux extraction gradation and asphalt con-
tent from test results were determined and reported. Information
from the test reports was stored in a Lotus 123 Version I database,
and sorted according to various factors suspected of causing or in-
fluencing gradation changes in the bituminous mix. Thirty-five
categories were established based on mix type, plant type, and
plant pollution control (Table II}. The number of sample compar-
isons in each category varied from 12 to 251. A printed example of
format and content of data found in each category can be seen in
Appendix A. This example illustrates the data from 81 comparisons
that fall within the category "Batch Plants with Baghouse”. The
data from all 35 categories is too massive for presentation in this
report, however, it does remain stored on floppy disks should the
information later need to be retrieved. Several samples did not
have complete cold feed gradations reported and, therefore, were
not included in the final results. Many samples fell within more
than one category. For instance, a Type A mix might also fall
within the Batch Plant category, the Recycled category, or any one

cf a number of other categories.
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Table II
Extracted vs Cold Feed Gradations:
Sort Categorieg and No. of Comparisons Analyzed

Criteria Under Which No. of Comparisons
Mixes Were Produced Meeting Criteria
Batch Plant Mixes 107
Drum Plant Mixes 251
Continuocus Plant Mixes 32
Recycled Mixes 71
Baghouse Mixes 250
Scrubber 138
Type A Mixes 152
Type B Mixes 241
Type A Mix - Drum Plant 79
Type A Mix - Batch Plant 60
Type A Mix ~ Recycled 31
Type A Mix - Drum Plant w/Baghouse 61
Type A Mix - Drum Plant w/Scrubber 18
Type A Recycled - Drum Plant 22
Type A Mix - Batch Plant w/Baghouse 46
Type A Mix ~ Batch Plant w/Scrubber 14
Type B Mix - Drum Plant 171
Type B Mix - Batch Plant 42
Type B Mix - Recycled 40
Type B Mix -~ Drum Plant w/Baghouse 99
Type B Mix Drum Plant w/Scrubber 72
Type B Recyclea ~ Drum Plant 32
Type B Mix ~ Batch Plant w/Baghouse 30
Type B Mix - Batch Plant w/Scrubber 12
Drum Plant w/Baghouse 159
brum Plant w/Scrubber 90
Recycled Mixes - Drum Plant 54
Batch Plant w/Baghouse 76
Batch Plant w/Scrubber 26
Recycled Mixes - Batch Plant 17
Type B Mix - Class I 191
Type B Mix - Class II 41
Type B Mix - Class I - Drum Plant 134
Type B Mix - Class ¥ - Batch Plant 42
Type B Mix - Class I - Recycled 40
All Mixes 390

After the test results were categorized, the difference in percent
passing between the cold feed gradation and the extracted gradation

were determined for each sieve size, An average and standard devi-
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ation of the percent passing differences associated with each sieve
size were calculated for each category and reported in Table III.
Also calculated was the surface area per pound of aggregate for
each cold feed and extracted gradation. The change in surface area
was determined for each set of samples, and again, averages and
standard deviations calculated for each of the thirty~five catego-
ries. Calculations were done according to the chart "Determination

of Surface Area", page 4 of Materials I.M. 511 (Appendix B).

RESULTS

Three hundred ninety gradation comparisons were performed during
the course of this study. As expected, aggregate degradation oc-
curred as indicated by an increase in percent passing on all sieve
sizes, Referring to Table III, it is observed that the degradation
pattern, which is generally consistent through the range of all
categories, is well represented by the average for all mixes, which
demonstrates a minor change of +.1 on the #3/4", an increase in the
range of 1.0% to 1.6% passing for the 1/2" through #8 sieves, a
sharp drop to .3% increase on the $#16, and the increases for the

#30 through #200 leveling out at about .7% passing.

The ranking of the thirty-five categories by amount of degradation
based on increase in surface area is shown in Table IV. The in-
creases rangé from +3.2 sq. £t./lb. for "Type A Mix-~Batch Plant
with Baghouse”, to -0.7 sq. ft./lb. for "Type A Mix-Batch Plant
with Scrubber. The increase in minus #200 and the number of com-

parisons made in each category are also shown. The effect on the
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THBLE IU: CATEGORY RANKING BY
SURFACE AREA & MINUS #200 IMCREASE

RAbKk— SIZE OF SURFRCE ARER  MINUS # 200
ING CATEGORY CRTEGORY INCRERSE INCRERSE
1 A MIX-BATCH PLANT W/BAGHOUSE 46.0 3.2 i.1
2 A MIX-RECYCLED DRUM PLENT Z22.0 3.1 1.2
3 A MIX-RECYCLED 31.0 2.9 iI.1
4  BATCH PLANT WABAGHOUSE 76.0 2.8 i.a
S H MIA-ORUM PLAMT W/BRAGHOUSE &6l.0 2.6 0.8
6  PLANTS WITH BAGHOUSE 250.0 2.4 0.8
7 TYPE A MIRES 152.0 2.4 0.9
8 TYPE B CLASS I1 HIXES 4t.0 2.4 0.8
9  ALL RECYCLED MIXES 1.0 2.3 n.g

10 TYPE A MIX-DRUM PLANT 9.4 2.9 a.49

il TYPE A MIX-BATCH PLANT s0.0 2.3 a.a

12 RECYCLED HIX-DRUM PLANT 4.0 2.3 0.9

13 BATCH PLANT HMIKES 197.0 2.2 0.8

14  TYPE B MIN-BATCH PLANT/BAGHSE 30.0 2.2 8.8

15 RECYCLED MIX-BATCH PLANT 17.0 2.2 0.3

16 TYPE B MIX-BATCH PLANT 42.0 2.4 a.v

17 DRUM PLANTS W/BRGHDUSE 15%9.0 2.0 0.7¢

18 TYPE B CL I MI¥-BATCH PLANT 42.0 2.0 a.7

19 TYPE B RECYCLED MIKES 40.0 i.82 0.7

20 TYPE B MIX-DRUM PLANT W/BRABHSE 99.0 1.8 a.7

21 TYPE B RECYCLED MIX-DRUM PLANT 32.0 1.8 a.v

22 TYPE B CL I RECYCLEU MIX 40.0 1.8 a.7

23 DRUM PLANT MIXES 251.0 1.7 Q.7

24  CONTINUQUS PLANT MIXES 32.0 1.6 .e

25 TYPE A MIx-DRUM PLANT NSSCRUB. ig.g 1.6 0.9

26 TYPE B MIXES 41.0 1.5 0.8

27 TYPE B MIX-ORUM PLRANT 171.0 1.5 a.6

28 TYPE B MIX-BATCH PLANT W/SCRB. 12.0 1.5 0.5

29 TYRE B OL T MIKES 191.0 i.4 4.5

3¢ DRUM PLANTS W/SCRUBBER Q6.0 1.2 .8

31 THPE B CL I MIA-DRUM PLANTS 134.0 1.2 0.5

32 TYPE B MIX-ORUM PLANT HW/SCRUB. 72.4Q 1.1 g.4

33 PLANTS WITH SCRUBBER 138.0 1.06 0.4

34  BATCH PLANTS WITH SCRUBBER 26.0 a.3 o.1

g.7 0.2

35 TYPE A HIX-BATCH PLNAT W/SCRB. 14.0

0l 39vd
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minus #200 material is shown because this portion of the gradation
has more effect on mix properties, particularly aggregate surface
area, than any other. As seen from the table, the minus #éOO in-
creases correlate closely with the surface area increases, with the
exception of "Type A Mix-Drum Plant with Scrubber", which had an

increase of 0.9% minus #200 but an increase of only 1.6 sg. f£t./1lb.

surface area.

From Table IV, Type A mix categories have consistently higher de-
gradation than Type B mixes, as demonstrated by 7 of the top 12
categories having Type A Mix as one of the sorting criteria. Cor-
respondingly, categories with B Mix as a sort criteria rank toward
the bottom of the list. The average increase in gurface area for
all Type A Mixes (152) was 2.4 sg. ft./lb. while all Type B Mixes

(241) increased by only 1.5 sg. ft./lb.

All mixes produced by plants with baghouses (250) increased surface
area by 2.4 sg. ft./lb. and minus #200 by 0.8%. Mixes produced by
plants with scrubbers (138) were near the bottom of the rankings
with a surface area increase of 1.0 sg. ft./1lb. and only a 0.4% in-
crease in material passing the $#200 sieve. Batch plant and drum
plant mixes had surface area increases of 2.2 and 1.7 sqg. ft./lb.
respectively, and minus #200 increases of 0.8% and 0.7%. Recycled
mixes ranked ninth highest of all 35 categories with a 2.4 sqg.

ft./1b. surface area increase.
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To examine the significance of the reported gradation changes, an
example is presented in Appendix C in which actual project, mix de-
sign, cold feed, and extraction data is reproduced, and calcu-
lations are performed to determine the effect of aggregate
breakdown on film thickness and fillex bitumen ratio. A sample
from Polk Co. FN-613-1(40)--21-77, 3/4" Type A Recycled Binder was
selected for illustration because its increases of 0.8% minus #200
and 1.84 sg. ft./lb. approximate the averages of 0.7% and 1.8 sqg.
ft./1b. obtained for all 390 comparisons. As demonstrated by the
calculations, the effective asphalt content for this mix is 4.20%.
Calculations were performed according to I.M. 510, "Method of De-
sign of Asphalt Concrete Mixes", found in Appendix B. This
produces a Bitumen Index of 0.001486 for the cold feed and 0.00139%95
for the extracted sample, which further results in film thicknesses
of 7.24 microns and 6.79% microns for the cold feed and extracted
sample respectively, representing a film thickness decrease of 0.45
microns due to aggregate degradation. Noting that the intended as-
phalt content was unchanged on this project, the filler bitumen ra-
tio can be expected to increase from 1.09 to 1.26 due to
degradation. Since the values in this example were close to the
averages for all samples in the study, changes in film thickness
and filler bitumen ratio will naturally become more extreme as ex-
aminations are made of the categories exhibiting the greatest minus
#200 and surface area increase. Although the effect of degradation
on mix characteristics such as lab density and % voids in the min-
eral aggregate (%VMA) cannot be directly calculated in an example

such as this, one would normally expect an increase in the minus
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#200 to contribute to a lower % VMA, higher lab density, and lower
% voids, as the fine particles fill in the wvoids. The degree to
which this occurs depends on the composition and specifications of
each individual job mix, and can be accurately determined only
through physically testing the material for these properties, an

exercise beyond the scope of this study.

A comparison is made in Table V of the data accumulated in 1986
versus the data representing this study. In general, the data from
this study demonstrates a greater amount of degradation than the
earlier study for the three categories shown. The 1987 reported
increase in minus #200, in particular, is approximately greater
than the 1986 increase by a factor of 2. A copy of the 1986 cold
feed vs extraction data used in Table V can be found in Appendix D.
When making this comparison, it should be noted that in the 1986
study, no particular effort was made to assure that samples for ex-
traction also represented the cold feed sample. In the current
study, however, a direct effort was made to trace the cold feed ma-
terial through the asphalt plant and laydown machine prior to re~
trieving a box sample for extraction gradation analysis. Through
this procedure, gradation differences between cold feed and ex-
traction can be primarily attributed to procegsing and handling,

and differences due to sampling error are minimized.
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CONCLUSIONS

Aggregate degradation occurs, in varying degrees, in nearly ev-
ery type of mix under all combinations of plant type and dust
control. The lone exception to this was "Type A Mix -~ Batch
Plant With Scrubber", which had only 14 items in the data base.
Average increases of 0,7% in minus #200 and 1.8 sg. ft./lb. of

aggregate were recorded.

The average increases of 0.7% minus #200 and 1.8 sq; ft./1b.
are not severe enough to warrant any changes in specifications
or operation. However, in cases where the acceptance of a mix
design is borderline or field changeg in the mix design are re-
quired, it may be beneficial to refer to the data in this re-
port to anticipate how the mix design gradation will react to a
particular set of processing conditions, and whether the
changes will be beneficial or detrimental to the performance of
the mix. 'This would be particularly applicable to those cate-
gories as shown to be more susceptible to degradaticn in Table
IV, and as long as mix production quality is controlled through

cold feed gradations.

In reference to Table IV and the comparison of results from the
1986 study with the results from this study, due to the signif-
icant differences in results, and regardless of the differences

in procedure and scope of the two investigations, any specifi-
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cation changes in gradation limits or filler bitumen ratios
based on the 1986 study should be reviewed to determine if they
are valid, and it should be considered if further changes are

now warranted in light of the data presented in this report.
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Appendix A
Example of Lotus Database Format Used
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LD FEED US. EXTRACTED SRADATION STUDY - 1987 BATCH PLANTS HITH 8AGHOUSE
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ABDZ~148  IR-80-3<52399-- 1 2-25N0RRIS /4 R * 8ATCH BAGHOUSE g9 787 EXTRACTION 160 1.8 az -1.0 a0 -1.6 &0 1.8 42 1.8 28 ~1.8 20 1.0 12 2.0 8.8 2.3 7.2 2.1 36G.2¢ §.46
ABGP-149  IR-A0-3{52)59-~ [ 2-25NORRIS a4 A BATCH BAGHOUSE a%-22-37 LOLO-FEER igQ a1 77 55 a8 26 7 1¢ 7.0 5.8 25,56
AB07-148  IR-B0-8{52359-- ] 2-2NORRTS 34 R * BATCH BAGHDUSE 08-22-87 EXTRACTION 164 9.8 @z 1.0 80 3.0 &0 5.0 43 5.0 i 3.8 20 2.0 13 30 %2 2.2 7.8 2.0 31.94 65.38
#ABGP-149  IR-B0-F{52399 1 2-25NORRIS 374 A BATCH BAGHOUSE ' 09~23-87 COLG-FEED 100 =24 8 o5 37 25 ? 11 7.1 5.9 25.9%
REO7-14%  IR-B0-J<52) 99~ | Z-2TNCRRTS a4 A B BATCH ERGHGUSE a3~23-87 EXTRACTION 164 4.6 o4 3.0 B8] 5.9 &0 5.8 42 5.0 28 4.8 20 2.0 13 2.4 2.3 2.4 8.1 2.2 32.56 &.60
ABOP-114  FH-ES-41152 SOMERCIAL 34 A BATEH BRGHOUSE  03-02-87 COLB-FEED 100 91 76 59 50 az 30 13 5.5 3.9 26. 18
ABDT-114 FR-65-4215) COMMERCIRL 34 R BATCH EBAGHOUSE 09-32-87 EXTRRCTION icg {.8 g2 1.0 a 2.8 &1 2.8 58 .0 41 -1.8 a6 a.g 14 1.0 7.2 1.7 5.4 1.5 22.86 3.88
ABGT-114 FHN-G5-4<45) COMMERCIAL /4 A BATCH BAGHAOUSE 08-03-87 COLG-FEED 100 a3 73 &2 S0 a0 26 1z 5.8 4.3 26.04
ABD7~114 FH-B5-44152 COMHERCIRL a4 A BATEH BRAGHGUSE  03-03-87 EXTRRCTION 16U .0 96 3.qQ g6 7.8 f=2s] &.0 54 4.0 42 2.0 28 2.0 14 2.0 7.2 1.4 5.8 1.2 36.12 4.08
REOP-1781 FH-415-1(25> COMMERCIRL /2 A BATCH BRGHEOUSE  09-08-87 COLD-FEED 160 o] g6 &7 B 55 43 26 14 8.9 4.6 27.72
ABG7-178 FN-415-1025) COoMERCIRL /2 A BATCH ERGHOUSE G9S-08-87 EXTRRCTION 100 9.0 160 1.0 86 4.0 85 -2.0 82 ~2.0 40 -306 26 a.4 12 -2.0 6.4 6.5 5.2 0.6 27.%8 0.26
BBL7-178 FN-415-1(25) COMMERCIAL w2 # BATCH BABHOUSE  09-05-87 LOLB-FEED 1060 93 80 &0 £9 38 22 2.5 4.8 4.0 23.47
FE0P-178  FN-415-1(2%) COMMERCIAL 1’2 A BATCH BARGHOUSE G9-09-87 EXTRECTION 140 [FREC It 1) i.@ 85 6.0 &8 &.0 52 3.0 39 1.0 2% 3.0 10 a.5 6.2 1.3 .52 1.z 27.06 3.59
REO7-178  FN-415-1<2%) COMHERCIAL i’z R BRTCH BAGHOUSE 0%~-10-87 LOLO~FEED 18G 93 81 &0 40 rd 22 8.2 4.7 2.2 21.56
BEI7-178  FN-415-1¢2%5) COMMERCIAL irz A BRTCH HAGHOUSE 09~ 10-87 EXTRACTION Esi] 4.0 88 -i.0 a2 1.9 81 1.0 49 1.0 A ~1.4 22 8.a a 0.8 5.2 a.8 4.4 1.2 24.806 2.%0
R307-8 P-g3-0{207 HENNINGSEN 34 a8 1 R BATCH SRGHMISE 05-25-87 COB-EEED 49 30 73 59 48 EE] 29 i3 6.8 s.8 29.38
PRO7-8 F-83-0(20) HENHINGSEN Hr4 ;] i R BARTCH BRGHOUSE G5-25-67 EXTRACTIGN a9 0.g 88 -2.0 ezl ~1.0 &) 2.0 47 1.0 33 1.0 30 1.0 i3 0.4 2.1 2.2 5.9 8.1 820.02  0.64
REBQ7-8 P-23-0{20) HENNINGSEN 344 8 1 R BATCH FABHOUSE G6-05-87 CO.O-FEED 166 91 41 &2 L] 41 22 4 £.2 5.3 29.32
RBOZ-8 B-83-0020) HENMINGSEN 34 B I R BATCH BAGHOUSE  G6-05-87 EXTRRCTION 166 0.4 % -i.@ 74 ~2.0 59 -3.0 45 ~3.0 38 -0 29 ~3.0 13 ~1.0 6.1 ~0. 1 8.2 -g.1 27,96 -1.36
RB7-8 P--g3-0C20> HENNINGSEH 34 B 1 B BATCH BESHOUSE  05-08-87 LOLO~FEEQ sg 86 e a8 44 @2 23 12 5.9 5.1 27,24
/E07-8 P-83-020) BENNINGSEN A4 B 1 B ERTCH BAGHOUSE G5~-0R-87 EXTRACTION 180 2.4 44 4.0 7a 1.0 §8 4.0 44 @0 37 4.4 22 .0 13 1.0 5.2 8.3 6.2 6.1 27.88 a.64
Ag07-156  IR-A0-3052)92-12-25 RORRIS w2 A BRTCH BAGHOUSE G9-03-87 LR O-FRED 146 a3 aa /0 47 5 23 i3 8.3 8.6 26,85
ABO?-156 IR-80-3(5219%-12-25 KORRIS w2z A BRTCH BREHOUSE G9-03-87 EXTRECTION 186 a.g 9 4.4 85 5.0 6% 9.0 &3 .0 Ex 3.0 25 3.4 16 F.o 10.0 1.7 7.8 2.4 3%.u8 6.2
RAD7-186  IR-80-3(52>99-12-25 HORRIS 2 A BATCH BAGHOUSE G8-03-87 COLB~FERD 184 92 e 57 44 31 23 11 &6 4.6 24,80
AEO7~156  IR-GO-R(S2)99-12-25 NORRIS w2 n BATCH BREHOUSE [£: Ry =10 s xg EXTRACT ION 156 a4 9 ~1.8 73 3.0 &% 20 45 t.g 22 1.4 22 2.0 id 3.0 8.7 3.1 7.3 2.9 32.68 786
ABDP~186  IR-GO-3(8299-~12-25 NORRIS /2 R BATCH GREHOUSE 091487 COLO-FEED 100 a2 78 &7 42 1] 20 i3 8.4 .1 24,72
A907-158  (R-B0-T{S52)99-12-25 NORRIS /2 A BRTCH BAGHOUSE a9-14-87 EXTRACTION et 4.0 95 3.0 80 2.0 &4 7.0 49 &.0 23 .0 22 3.0 15 2.0 9.8 1.4 7.4 1.3 93.28 4.56
ABL7~95 F-117-1¢18) BES MOINES ASPHALY 3.4 ] BATCH HRGHOUSE 47-30-87 COLOFEED <9 88 7z 50 6 27 8 k] 6.1 .40 23. 48
A807-95 FM-117-1(16) DES HOINES BSPHALT 924 f BATCH BAGHGUSE 97-30-87 EXTRAECTION 9 0.0 90 2.4 72 ¢.0  S2 2-8 il 3.0 4.4 21 2.0 10 1.4 6.8 4.5 5.2 6.2 25.30 .82
ABDF~SS  FN-1L7-1<18) GES MUINES ASPHALT 3-4 ;] BATCH BRGHOUSE 58-G3-87 COLOFEED 1468 <0 76 G4 41 2 21 a4 5.6 4.5 23,68
HB07-85  FN-117-1(16) BES MOINES S5pHALY 305 A BATCH BREHEUSE RE-03-87 EXTRACTION 158 a9 91 .4 8 2.0 58 4.4 44 #.0 35 Rl 24 .0 11 .6 6.9 1.3 5.8 1.0 27.32 3.72
AEOFWES  FN~117+1016) GES MOINES RSPHRLT 374 R BATLH SAGHCUSE  BB-04-87 COLOFERD EE] 6 74 53 43 33 22 9.4 S.2 4.4 22.94
ABOP-55 Fa-117-1¢18) S HOINES ASPHALT 34 ] BATCH SRBHOUSE 1g-G4-67 EXTRACTION el 1.0 92 6.3 eg &0 59 4.3 45 2.0 35 2.¢ 24 Z.0 11 .6 6.4 1.2 5.1 1.1 26,44 3.%6
ABO7-126  JR-29-4{33p72 HENMMEINGSEN Gr4 B R BATCH SHGHOUSE  08-06~-75 COLOFEED 100 91 Ta 51 43 35 24 13 8.7 5.0 27.26
HAEP-136  [R-28-4(3372 HENNINGSEN 3,4 ] /]  BATCH BAGHOUSE  O8-0670 EXTRACTION 10 2.0 89 ~2.0 4 -t.8 A0 ~-i.0 48 -1.0 39 9.4 24 ¢.0 13 a.0 7.4 8.7 5.7 6.7 248,74 1.48
ABEF-136  IR-29-4{33)72 HENNERGEEN ars B £ BATCH BRGHOUSE  OB-07-87 COLOFEED ptuis) %1 7a 23 14 37 25 13 7.1 5.3 24,40
ABG7~136  [R-20-4{33)72 HENNTNGSEN ara & ®  BATCH BAGHOUSE  (08-07-87 EXTRACTION ui] g6.0 30 ~1.0 Ta -1.8 81 ~2.0 49 -2.0 36 ~-1.4G 28 3.0 14 1.0 7.9 a.8 .1 0.8 30.26 1.66
REQ7-104  FH-117-1(16} BES MOIMES ASPHALTY 1s2 a eaTee BABHOUSE 0B-10-97 COLOFEED ire] °3 3 55 43 34 22 il 5.0 4.6 25.02
REDP-104 FN-117-1(18) DES MOINES ASPHRLT /2 & BATCH BAGHOUSE G8-10-897 EXTRRCTION 100 9.4 @5 2.0 73 a.g 87 2.0 44 1.0 34 8.0 24 1.0 if a.a 6.2 8.2 4.8 6.2 25.84 .82
B2O7-104 FN-117-1(15> BES MUINES ASPHRLY 12 7 RTCH BREHOUSE GE~11-87 COLOFEED 100 33 79 53 47 i 25 2 8.7 4.3 25.84
BBO7-104 FN-I17-1(163> BES MOINES ASEHALY  1/2 R/ 8ATCH BREHGUSE G8~11-87 EXTRRCTION el a.a £ 2.0 81 2.0 58 0.8 35 ~2.3 35 3.8 24 ~1.0 i1 ~1.0 7.0 1.3 5.8 i.8 27.80 2.10
BEO7-104  FN-1]17-1(18> OES HMOINES ASPHALT 142 R aaTOH BRGHOUSE GB-14-87 CULOFEED 100 %3 81 62 48 E: 26 i1 £.3 4.9 26.78
BEN7-104 FN-119-1(163 OES HOINES RSPHALY 12 £ BATCH BRCHOUSE G8-14-87 EXTRACTIGN 1G4 8.8 24 1.0 81 Q.0 foic ~3.C 44 ~4.3 a4 ~4.0 24 -2.0 1 a.a %.8 8.5 5.9 0.6 27.20G Q.44
ABD7~79  FR-415~1(27) UES WOINES RSPHALY 874 B I SATCH  BAGHGUSE  06-23-87 COLDFEED b e} 70 g2 43 35 22 1 5.0 3.8 2z.72
ABD7-79  FRN-415-1{27) OES MOINES RSPHALT /4 a8 1 BATCH BAGHOUSE BE—23-87 EXTRRCTION 28 8.6 82 2.0 8 ~i1.0 S1 -~1.6 £1 ~-2.43 32 -2.4 23 1.0 3] 1.4 6.1 t.1 4.8 1.0 28,18 2.44
ARO7-73 FR-415-1(27) DES MOINES RSPHALT 374 8 )3 BATCH BREHOUSE 06-24-87 COLDFEED 95 B2 &9 52 43 35 24 0 5.6 4.3 24.18
ABOP~7S FN~415-142¢) DES MOIMES ASPHALY 3244 B I BATCH BAGHOUSE 362487 EXTRACTION =] 3.0 B ~1.0 €5 -4.0 51 2.0 42 -1.0 34 [ 9+ 23 ~1.0 10 2.0 8.9 6.2 4.7 0.4 2470 082
ABOP-7S  FH-418-1(27) DES HOIMES ASPHALYT 3s/4 B 1 BATCH BRGHOUSE O8~2v-87 COLOFEED k] 86 70 55 45 37 24 11 5.5 4.1 24.38
ABJ7P~-73  FH-415-1{27) 0ES MOIMES ASPHALT  3r4 B I SATEH BAGHOUSE Gg-27-87 EXTRRETIGN 100 2.0 86 2.0 76 6.0 89 4.8 48 3.9 35 2.8 27 3.0 i3 2.0 7.9 2.4 5.8 1.9 380.24 5.86
AB07-260  FH-5-4085) OES HOINES HSPHRLT 1.2 A R BATCH BREHOUSE 09-30-87 COLOFEED o] kg 84 E:] 41 Iz 23 12 7.0 5.6 27.34
ABOZ-Z200  FH-6-4035> OES MOINES ASPHALT 12 f ®  BATCH BREHOUSE 039~20-87 ERTRACTION %9 -1.0 9% ~1.0 85 1.0 &1 3.0 44 3.9 5 3.0 28 2.0 i2 Q.o 7.5 4.9 &.9 0.4 28.98 .64
ABOP-200 FN-6-4(85) OES HOINES ASPHALY 172 R R BATCH BAGHOUSE 10-01~87 LOLOFEED 160 o7 85 83 43 3z 21 i0 &4 5.2 25.56
AQEP-200 FH-6-4(a53 DES MOINES BSPHALT 1/2 R # BATCH BREHOUSE  10-01-87 EXTRACTION 100 [ ] 2.0 87 2.0 61 2.6 44 1.0 324 2 23 2.0 12 2.0 8.4d 1.6 6.5 1.3 29.72 4.16
ABD7-208  FH-5-40(85) OES MOINES ASPHALY 1s2 R #  BATCH BRAGHOUSE 10-32-87 LOLOFEED 1c0 37 84 57 40 3G 21 ic &6 5.3 25.52
ARGZ~200  FN-6-4(85)> OES MOINES RSPEARLT 172 R R BATCH EBRAGHOUSE 10-02-87 EATRECTION G0 g.0 99 2.4 87 3.0 82 8.0 44 4.3 33 3.Q 28 2.0 il 1.0 7.4 4.8 6.1 0.8 28.36 2.84
ABNP-125 FH~67-1{70) CENTRERL VALLEY A4 A BATCH BAGHOUSE O7-22-87 LOLOFEED o] a4 B84 &l 47 Ei 29 14 8.7 4.7 27.94
fiBA7~125 FN-67-1(70) CENTRAL VALLEY a/4 i BATCH BREHOUSE 07 -29-87 EXTRACTION %8 -1.0 % 2.0 86 2.0 &3 2.6 46 1.4 I8 a0 23 0.0 5 1.0 8.0 1.3 4.5 6.8 30.38  2.44
fBO7-125 FN-67-1{70) CENTREFAL VALLEY EX) A BATCH BAGHOUSE or-31-87 COLOFEED =] 94 3 &0 . 46 37 28 i4 &.0 &8 26,76
ABGA~125  FN-&M~1(70) CENTRAL VALLEY 374 fa BATCH BRAGHOUSE  07-31-87 EXTRACTICN 100 2.0 83 ~1.0 &7 4.0 &5 [ 48 2.0 e 1.4 28 0.0 12 -2.9 3.2 ~G.7 2.9 ~3.5 28.22 -I.04
ARE7~125  FN-&M~1(70) CENTRAL VALLEY 34 R BRTCH BRGHOUSE og-g%-87 COLOFEED icn a4 24 s 49 a0 20 14 3.9 4.1 26.24
FBOF~128  FM-&7-1<7) CENTRAL VALLEY 34 R GATCH BREHOUSE 0B-05-87 | EXTRACTION a7  ~z0 %2 -2.0 223 4.4 &5 i.¢ 49 a.0 38 -Z.8 E4q) a.0 14 0.4 .1 .2 4.3 g.2 27.24 6,30
ABEF-131L  FHN-163-1(4G) 0ES MOINES 8SPHALT 34 fa BATCH BREHOUSE O7-28-87 COLDFEED 26 83 71 3¢ 44 36 27 is 7.6 4.6 27.98
RBO7-131 FN-153-1(402 UES MOINES ASPHALT 374 Aa BAYCH BREHOUSE O7-23-87 EXTRACTION .98 2.6 88 5.0 76 3.9 82 5.0 80 6.3 41 .8 31 4.0 in 1.0 7.9 9.3 4.9 6.2 50.08 2.10
ABO7-131 FN-153-1{40) QES HOINES SSPHALT 374 A SATCH BREHOUSE 07~-24-87 COLOFEED 99 B8S F& B2 4% 3% 28 % 7.3 4.5 28.78
ABG7-121  FN~183-104) OES MOINES ASPHALT 3.4 A HBATCH BRGHOUSE  G7-24-87 EXTRACTION g7 -2.06 W 3.0 L4 .G 85 &4 St 2.0 41 .8 9 3.0 7 1.0 9.4 2.1 6.2 1.6 33.82 4,84
FBOF-131 FN~183-1040) OES KROINES ASPHALT 904 fa HATEH EAGHOUSE 07-24~87 COLOFEED <49 86 k4 &2 50 40 28 5 7.0 4.4 2a.18
RBO7-131  FH-163-104) CES MOINES RSPHALT 374 A BATCH BRAGHOUSE 07~24~7 EXTRACTION 42  -1.G 87 1.0 76 ~1.8 &3 1.0 80 a.a IdD 6.8 31 3.4 i6 i.0 2.1 2.1 6.0 1.6 32,86 4.56
ARD7~106 FN-163~1(40) OES MGINES ASFEALY B4 A #  BATCH BAGHOUSE  O7-20-87 COLDFEED 180 g4 71 50 41 34 24 10 £.8 s.2 26,12
HBO7-106 FN-163-1040 OES HOIRES ASPHALY 3.4 A R ERTCH BAGHOUSE  (7-20-87 EXTRACTION 108 0.0 %0 6.0 76 5.0 %% 4.4 44 7.0 3% . %0 28 4.4 14 4.8 4.9 1.2 6.1 4.3 30,90 4,78
RBO7-106 FH-163-1(40) OES MGINES ASPHALT 34 8 R BRTCH BAGHOUSE — Ov¢-22-87 LCOLEFEED 108 a3 e} & 1 41 27 12 8.9 8.2 28.40
FS07-106 FN-163-1(40) DES MOINES ASPHALT 374 A R BATCH  BAGHOUSE  O7-22-87 DITRRCTION 100 0.0 88 -1.8 77 1.0 82 0.0 49 -2.0 3% -2.0 26 ~i.8 13 ta R 0.7 5.8 0.7 29.85  1.48
RE07-106 EN-163-1(40) OES MOINES ASPHALT 324 A R BRTCH BAGHOUSE  O7-22-87 COLGREED 106 91 75 &2 EH 41 28 iz e, 7 .1 28.26
RB07-106 FN-163-1(40) DES MBINES ASPHALT 34 A R BRTCH BAGHOUSE  §7-22-87 EXTRRCTION 1430 0.0 9N 0.9 77 z.0 &2 2.0 50 -1.0 33 -2.0 27 ~1.@ i3 1.9 .7 1.0 5.8 0.8 .10 1.84




LU0 FEED vS. EXTRACTED GRRGATION GYudY - 1987 BATCH PLANTS HITH BREMOUSE

HiK i PROJECT= H COMTRRCTCR H MRTERIBL TvPE 4 PLENT @ DusT PoOSAMPLE v SRADATION J  SIEVE 1 SIEVE S1EVE ! SIEVE i SIEVE ! SIEVE i SIEVE i OSIEVE i SHEVE SIEVE i SURF. H
OESIEN ND.: HUMBER H ISIZE JTYPE WL 1 R OTYPE 1 COHTRL ! OATE H SEMPLE 1w 3,4 DIFF. 14 1°2 OIFF. ¢ 3/8 OIFF.) & 4 OIFF.3 # 8 QIFF.i# 16 OIFF.i# 30 OIFF. % S0 OIFF.1s 100 DIFF.I% 200 DIFF.! ARER DIFF.S
18078 24112 F£7. GGOGE ASPHALT 374 8 I BATCH ERAGHOUSE  (9-22-87 LOLOEEED 100 82 81 &1 468 37 28 14 8.5 5.2 31.04
18073 FH-24{11> FT. DOBGE ASPHALT 374 & I eRTod BRGHOUSE  (9-22-87 EXTRECTION 10D a0 52 9.6 &3 ~1.0 &l 8.0 472 -1.0 3 -2.0 25 0.6 13 ~1.8¢ 8.7 6.1 6.5 0.3 31.08 0.04
1807-9 FH-9431 1) FT. DOOGE ASPHALTY 374 8 1 BRTCH BAGHQUSE  09-24-87 COLOGFEED 160 g2 7 68 47 37 24 12 6.5 4.7 26,42
1BO7-9 FH-24(312 £7. QQUGE ASPHMRLY 374 B i GATCH SRGHOUSE  09-24-87 EXTRACTION 100 0.0 91 -1.0 77 .0 5 -1.60 45 -2.0 34 -0 24 g.0 12 0. 7.3 1.4 5.0 1.3 29.00 2.58
1807-2 FM-84C112 FT. DODGE REPRALT  3/4 8 I BATCH BAGHOUSE  §9-25-87 COLBFEED 93 82 an &1 48 38 25 12 7.5 5.4 26,42
1B07-S FH-24¢11) FT. O0OGE ASPHALY 274 3B 1 BATCH BAGHOUSE  03-25~-07 EXTRECTION 100 1.0 85 3.6 7% -1.0 59 -2.0 46 2.0 35 -3,0 24 -1.3 12 2.8 8.2 4.7 6.3 0.9 z9.78 1.36
1807-9 FM~94{11) F7. OODGE ASPHALY 374 ®© 1 BRTCH BAGHOUSE  09-29-87 COLOFEED 100 92 at G4 S1 40 26 -4 6.8 S0 27.84
18079 FM=-8d4112 FT. OGOGE ASPHRLT  3r4 8 i BATCH YAGHOUSE  09-2%-87 ExTRacTioN 100 2.8 90 -2.0 91 6.0 &4 g9.6 & -1 3 -~3.0 2B -1.0 12 g.6 7.6 0.8 5.9 0.9 29.34 1.506
1807~ FH-84C117 FT. DOUGE ASPHRLY 274 8 I BATLH gacHousE 10~01-87 COLOFERD 160 83 80 &5 51 a3 26 i1 6.4 4£.6 26,60
IBD7-3 FH-34{11) FT. UO0GE ASPHALY 374 8 1 BETON BRGHOUSE 10-01-87 EXTRECTION 100 0.0 93 .6 B4 4.0 &7 2.0 sz 1.0 33 0.3 2@ 1.6 13 2.4 8.3 1.9 6.3 1.7 31.28 4.88

KO, OF SAMPLES ai.0 81.4 81.0 81.0 B2.0 76.0 91.9 6.0 76.0 81.0 75.0
6. OIFF. i1t 0.62 1.46 L.60 .88 .29 0.@3 0.84 1.06 04.98 2.78
S0, BEV. 6.8 2.2 2.5 3.2 2.8 2.3 1.6 1.2 0.8 G.8 2.2
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OFFICE OF MATERIALS ~INSTRUCTIONAL MEMORANDUM

METHOD OF DESIGN OF ASPHALTIC CONCRETE MIXES

GENERAL

The design of asphaltic concrete mixes involves determining an economical
blend of aggregates that provides a combined gradation within the Timits of
the specifications and a determination of the percent asphalt to mix with the
aggregate blend. Trial mixes prepared with different asphalt contents are
tested for mix properties and the results analyzed to select the asphalt
content that is judged to be most satisfactory for the intended use of the
mix. _

RAW MATERIALS

The aggregate sources, proposed aggregate blend proportions, and the source of
asphalt are selected by the contractor. This information is submitted to the
District Materials Engineer on Form 955 for approval. Material source
approval, gradations, crushed particle amount and type, asphalt grade, and
other specific reguirements are checked prior to submitting materials and

Form 955 to the laboratory.

TRIAL MIXES
A. Preparation of Aggregates

Aggregates must be air dried to a surface dried condition prior to further
preparation., . The individual aggregates are combined in the proportions
proposed on the Form 955 in accordance with Test Method Iowa 504. About
100 1bs. of this combined aggregate is required for the design work. 130
Tbs. of this combined aggregate is required if the asphalt nuclear gauge
is to be calibrated to the mix.

B. Asphalt Cement

The asphalt cement used. for trial mixes shall be of the same grade as
indicated on the Form 955 and shall also be from the same source when
possible. _ :

C. Selecting Trial Asphait Contents

Three trial mixes of different asphalt contents are made to assure close
bracketing of the final recommended design asphalt content. Two trial
mixes may be adequate for this purpose if recent results have been
obtained with aggregate of the same or slightly adjusted composition.

_.é...'_._...
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The trial mix asphalt contents are best guess estimations that are one
percent apart. They may be based on past experience, analysis of the
aggregate gradation, calculated surface area of the aggregate, or trla]
and error.

The gradation plotted on the 0,45 power gradation chart indicates the void
space available for asphalt.  Gradations that closely follow the maximum
density line indicate low void space.
The surface area of the-aggregate is related to the ?ilm thickness of
asphalt obtained by a given asphalt content. A higher surface area will
almost always require a higher asphalt content.
D. Mix Preparation
Preparation of trial mixes is in accordance with Test Method Iowa 504,
E. Nuclear Calibration
The- asphalt nuclear gauge is calibrated to the mix in accordance with
I.M. 335. ,

TESTING RAW MATERIALS

ST

Test procedures for the asphalt and combined aggregate are as follows:

Test Cent, Lab Test No, 1.M. No,
Specific Gravity of Asphalt* - 617 369
Bulk Sp.G. of Combined Aggregate 203 ---
Water Absorption of Comaned Aggregate 203 308**

*The sp.g. of the asphait may be obtained from certifying documents or a lab
test report.
**pprocedure "C"

TESTING TRIAL MIXES

Test procedures for A.C. mixes are as follows:

Cent. Lab Test No. I.M. No,
Maximum Specific Gravity* 507 ‘ 340 or 363
Compacting Marshall Specimens - 502 325
Density of Compacted Mixes (Lab Dens1ty) - 503 321
Marshall Stability and Flow : 506 ' ---

*The Rice sp.g. procedure, Test Method Iowa 507 or I.M. 340, is the referee
method. The high pressure air meter procedure, I.M. 363, should only be used /
if results have previously been shown to correlate with Rice results.) \

—
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Four Marshall specimens are made from each trial mix. An extra specimen of

the first mix compacted is usually made to determine the amount of mix
necessary to produce the proper specimen thickness. The four specimens of
each A.C. content are checked for lab density and on the following day (after
the required cooling period) the three specimens with the closest densities
are tested for stability and flow.

If a District Lab is not equipped for Marshall Stability, the selected three
specimens are shipped to the Central Lab for testing. The specimens must be
fully identified and packaged to prevent damage.

DESIGN CALCULATIONS
A. Calculation Basis and Nomenclature
The derivation of the formulas used for ca1cu1atfons is based on an

assumed 100 grams of mix so that mix percentages are numerically equal to
weights. Following is a 1ist of nomenclature symbols used and their

definitions:

"%AC = % of asphalt cement in the trial mix

%2Ag = % of combined aggregate in the trial mix = 100 - %AC

%ZAbs = % water absorption of the combined aggregate

Abs = fraction of water absorption of the combined aggregate =
%Abs/100. This quantity is always used in the calculations
rather than %Abs. .

Gag = bulk specific gravity of the combined aggregate.  This quantity
may be by test or by calculation,

Gac = specific gravity of the asphalt

Gmx = maximum specific gravity of trial mix by test. This quantity
may be referred to as the solid sp.g. or solid density. A
calculated max. sp.g. should be designated as Gmx (calc.).

Gem = density of compacted mix or 1ab density

% = calculated % air voids in the compacted mix

#VMA = calculated % voids in the mineral aggregate

B. Calculated Maximum Specific Gravity

A theoretical maximum specific gravity may be caiculated when the bulk
sp.g. and water absorpticn of the aggregate is known. This calculated
maximum specific gravity is used to check the results determined by test
and is not intended for calculating other design quantities, A Rice
specific gravity should not be considered suspect unless the calculated
specific gravity differs by more than 0.030. Calculate the maximum sp.g.
using the following steps and report the results to three decimal places.

Wt. of AC absorbed = 0.5 x Abs x %Ag
Wt, of effective AC = %AC - line 1
Volume of Aggregate = %Ag/Gag

Volume of effective AC = line 2/Gac

. Gmx (calc } = 100/{Vine 3 + line 4)

JELIE R T o
- . & -
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Calculated Bulk Specific Gravity of the Combined Aggregate

The bulk sp.g. of the combined aggregate (Gag) may be calculated from the
maximum specific gravity of the mix determined by test. It is calculated
with the following line steps and reported to three decimal places:

Tine 2 + line 3 - line 4
. Gag (calc,) = 1ine 1/line 5

1. Gmx x %Ag x Gac

2. Gac x 100

3. 0.5 x Abs x %Ag x Gmx
4, Gmx x %AC

5.

6

Void Calculations

Quantities used to caleulate void results shall be determined by test
except Gag(calc.) may be used to calculate %VMA, The following formulas
are used to calculate the indicated quant1t1es that are reported to one
decimal place. .

%, air voids in the compacted mix = 100 - ;l_ﬂ.gHLEsm

%VMA, voids in the aggregate = 100 - SCm X BAg
‘ greg g

SUMA filled with asphalt = 2YMA = BV , 190
#HA

Filler/Bitumen Ratio

Caiculate the ratio as follows and hepovt to two decimal places:
%Pass1ng #200
%AC

Filler/Bitumen Ratio =

Asphalt Film Thickness

Calculations of asphalt film thickness are described in I. M, 511, It is
reported to two decimal places.

Py

(
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EXAMPLE CALCULATIONS

Given data:
SAC = 5.75 _ Gag (test) = 2.667
%Ag = 100 - 5,75 = 94,25 Gac = 1.031
%Abs = 0 30 Gnx {test) = 2,438 ‘
Abs = 0.30/100 = 0,003 Gem (1ab dens.) = 2,347

A. Calculated Maximum Sp.G.

1. Wt. of AC absorbed = 0,003 x 94.25 x 0.5 = 0,141
2. Wt. of effective AC = 5,75 - 0,141 = 5.609

3. Volume of aggregate = 94.25/2.667 = 35.339

4, VYolume of effective AC = 5.609/1.031 = 5,440

5. Gmx {calc.,) -~ 100/(35.339 + 5.440) = 2.452

~ This calculated sp.g. compares favorably with the 2,438 obtained by test.
B. Calculated Buik Sp.G. of Combined Aggregate

1. 2.438 x 94.25 x 1.031 = 236.905

2. 1.031 x 100 = 103.1

3. 0. 0.003 x 94.25 x 2.438 = 0.345
4, 2 x 5.75 = 14,019

5. 1 +.0.345 - 14,019 = 89,426

6. G c.

5 x
0438
03.1
ag (calc.) = 236.905/89.426 = 2.649
€. Void Ca1cu1ations

gy = 100 - 200 x 2,347 _ 1095 . 96.3 = 3.7

2.438
%VMA using Gag {(test) = 100 - 2.347 x 98.25 _ 17 g
. 2.667
4YMA using Gag (calc.) = 100 - 2:347 x 94.25 . 15 5
: 2.649

17.0 - 3.7 100 = 78.2
17.0

PVMA filled with asphalt

it
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EVALUATING RESULTS

The test data and calculated results are compared to the criteria given in the
appropriate table shown in I.M. 511 corresponding to the type and use of the
mix. An asphalt content is selected that will produce a percent air voids in
the compacted mix that is near or slightly above the minimum void values in
Table F of I.M. 511 for the course and traffic count involved with the
intended use of the mix. Interpolation may be necessary.

REPORTING RESULTS

The test and calculated results along with the % asphalt recommended to start
the project is reported on Form 820956, Distribution of the report:

District Engineer

Resident or County Engineer

Bituminous Engineer (R. Monroe)

Asphalt Construction Engineer (J. Smythe)
Asphalt Mix Engineer (D. Heins)
Contractor

Bituminous Lab (W. Oppedal)

Asphait Mix Design file

T
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OFFICE OF MATERIALS —INSTRUCTIONAL MEMORANDUM

CONTROL OF ASPHALTIC CONCRETE MIXTURES

General

The job mix formulas are established on the basis of the results of tests

performed on samples obtained during the initial stages of material
production. Since these samples may not be truly representative of the
material produced, and since materials do change with time and through
handling, the plant produced mixtures may not develop test characteristics
that meet design criteria. Therefore, each mixture shall be reevaluated
after paving operations have bequn. Because material and mixture
characteristics may change at any time, they must be monitored

" continuously throughout the course of the work. The reevaluation

procedures outlined herein are to be carefully followed so that all mix
characteristics will conform with the appropriate requirements contained
in tables A, B, C, D, E and F.

Job -Mix Formula Definition

The specifications define the job mix formula as the percentage passing -
each specified sieve (target gradation}, and the percentage of each
material including asphalt, (aggregate and asphalt proportions). The

original job mix formula and subsequent adjustments are set after

consultation with the contractor on the basis of gradation, stability,
skid resistance, film thickness, asphait and void analysis. Design
criteria for setting the original formula and subsequent adjustments are
provided by the attached tables for the various mix types and service

'requirements.

Sampling and Testing

The initial plant calibrations will, in virtually all cases, be based on
the formula established by the Central lLaboratory. Samples of the
combined aggregate and plant produced mixture should be obtained and
analyzed as soon as the operations of the plant stabilize. The first
samples can normally be obtained after the plant has operated an hour or
so. Sampling and testing should be performed promptly so that production
and proportion changes, if required, can be effected before large
quantities of mix are produced. If adjustments are made in the

proportions, the entire procedure must be repeated.

Laboratory density per I.M. 325 shall be furnished to each project as set
out in the sampling and testing guides contained in I.M. 204.

For interstate and high traffic urban projects the 75 blow Marshall
density values are to be used for density-void control as ocutlined in this
Instructional Memorandum and for determining the density of compacted
pavements as required by the specifications {high traffic urban situations
shall be those exceeding 10,000 vehicles per day).

The 50 blow Marshall values shall be used for all other projects. Sand
Mix Surface Courses. (Pen, or Visc. Graded Binder, and Emulsion Residue
Binder). Density-void control is to be based on the special one (1) inch
Marshall specimens compacted with 75 blows on one (1) specimen face.
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D. Job Mix Formula Changes

1.

Changes in Mix Characteristics,

As soon as the test data are available they should be compared with
ranges of values found in the attached tables and with the original
job mix data. In the event that the plant produced mixtures do not
exhibit test characteristics which fall within the ranges found in
the tables, the District Materials Engineer will order appropriate
changes in the Job Mix Formula.

The District Materials Engineer may order changes even though the
test results are within the ranges given providine that the quality
of the mix will be Tmproved with respect to durability or friction

properties,

Wnen changes are ordered for the foregoing reasons, the magnitude of
the changes are to be limited such that adjusted mixtures will
continue to exhibit test characteristics which fail within the ranges
found in the tables. In each case, the properties of the aggregate
and asphalt, projected traffic loadings and volumes, layer thickness,
and service conditions shall be taken into account.

The tables contain two sets of design void ranges, one based on the
Job Mix calculated solid specific gravity, and one based on the
measured solid specific gravity using the procedure outlines in

[.M. 340. Since the latter procedure utilizes tests on the actual
plant mix rather than tests on preliminary aggregate samples,
adjustments can be made on a rational basis. This approach should
also be utilized when changes are noted in aggregate characteristics
resulting from production adjustments or variation.

Each days percent of road density is determined daily comparing the
densities of the road cores to the laboratory density of the first
uncompacted mix box sample taken for the day's production from which
the cores were taken.

Variations in compacted laboratory density and/or measured solid
specific gravity of more than 0.020 shall be investigated promptly
since these tests reflect changes in asphalt content, and aggregate
properties and gradation. In some cases variations may be
attributed to segregation, thoroughness of mixing, sampling
procedure, and changes in aggregate production.

If the density variation for a given mix proporiion exceeds + 0,020
from the average of the previous day's tests without apparent reason,
the investigation shall include the testing of the back up samples
for that particular day's run. The average density of all samples
tested for that day shalil be used in determining roadway density
compliance. I¥ no backup sample is available, the density
determination shall be averaged with the density of the previous
day's run to determine density compliance,

ST
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[f the second day's density variation for any particular mix exceeds
+ 0,020 from the first day's test without apparent reason, then the
backup samples shall be tested for the first day also, and averaged
for each day.

Proportion Changes

The contractor must occasionally adjust aggregate proportions in
order to consistently comply with the job mix formula target
gradation tolerances and to correct for calibration errors.
Proportion changes of 10 percent or less, for each material, may be
approved without delaying operations for qualifying tests.
Adjustments or interchanges exceeding 10 percent shall be evaluated
before they are approved. Changes will be subject to the crushed
particle and sand limitations, and mix design criteria.

Aggregate Changes

(a) The addition of new materials to job mix formula may be approved
without central laboratory tests providing the materials are
produced from geologically comparable sources, do not constitute
more than 15 percent of the aggregate, meet quality
requirements, and produce mixes that meet design criteria and
specifications,

(b} When aggregates are introduced from sources that are not
geologically comparable or otherwise differ significantly,
compiete ltaboratory testing is required.

Target Gradation Changes

Unusual aggregate gradation variation or degradation may cause the
contractor to request that a new job mix formula target gradation be
set using materials already on hand. Target gradation changes shall
not be considered or approved until options under 2 and 3 above have
been evaluated. _

Resetting the target may also-involve proportion interchanges and the
introduction of a new aggregate. New target gradations together with
proportion changes may be approved for future production when all
design criteria and specifications limitations can be satisfied.
Except for stability and A.C. film thickness, mixture characteristics
can be predicted from tests on previous production; changes that may

" adversely affect stability should not be approved without central

laboratory consulitation. Compliance with film thickness criteria
shall be determined by the following procedure:
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Determination of Surface Area
(Refer to Form 955)

PROPOSED STEVE ANALYSIS % PASSING

TARGET 1% 1] 3740 L ¢ 3/81 4 81 16 1 301 50 | 1601 200
COMBINED ,
GRADING 1001 93 811 65 | 48 38 27 | 13| 8.11 6.8
SURFACE 02 .04 1.08 |.14 [.30 | .60F 1.60 TOTAL
AREA C,
' S.A. :
SQ.FT./LB. +2.011.3011.9213.0413.7813.9014.86{10.88 31,68

Effective A.C. Content - Aqgreqate Basis

Effective A.C. % = (A.C. % Mix) - L/2 (% Water Absorption®*){% Aqgr 1n'Mix)

100

*Refer to Job Mix Report.

Bitumen Index

Bitumen Index = (Effective A.C. %)

100 (Surface Area)

Film Thickness

Film Thickness (Microns) = (Bitumen Index) {4870)

When significant aggregate characteristics change, e.g. Specific Gravity, and
Absorption, or other variations are encountered, complete central laboratory.
tests are required. Field adjustments in job mix formulas must be supported

by complete district laboratory testing.

Modification

of job mix formulas

that exhibit borderline test characteristics, e.q. stability, voids, and film
thickness, shall be approached with caution because some types of adjustments

may result in unsatisfactory mixes.

i
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TYPE A ASPHALTIC CONCRETE
LEVELING, BINDER, AND SURFACE COURSES

TABLE A
Test Value Guides for Plant Produced Mixtures
Mix Size 1"Mix 3/4" Mix 172" Mix  3/8" Mix
Mix Compacted in Laboratory Average Values

#lLab Air Voids (Min) See Table F

(Max) 6 6 6 6
(1) (2) ({Calculated) Per I.M. 510
%lab Air Voids (Min) See Table F

(Max) 6 6 6 . 6
(1) (2) (Rice) ver I.M.‘510 ‘ :
oids in Mineral Aggr.(50 blow) 14 14,5 15 15.5
YMA (Min) (1) (75 blow) 13 13.5 14 - 145
A.C. Film Thickness 7.0M 7.0M 7.0M 7.0M
{(Min} (3)
A.C. Film Thickness 6.5M 6.5M 6.5M 6.5M
(Min) (4) .
Marshall Stability (1bs.) 1750 1750 1750 1750
(Min)
Filler/Bitumen (5) '
Ratio {Max) Cold feed 1.20 1.20 , 1.20 1.20

"~ Extraction {7) 1.30 1.30 1.30 1.30
Mix Compacted on Roadway

%Lab Density (Min) , , As Specified
Woids (Min-Max) - ‘ 4-8 4-8 4-8 . 4-8

(1) (2) avg. (6)

{1) Except when otherwise specified, mix proportions should be adjusted to
exhibit test values in the ranges given. When conflicts develop, void
criteria based on Rice Procedure shall govern (50 b\ow and 75 blow
marshall mix design).

(2) Extreme caution should be exercised when mixtures exh1b1ted average values
near the lower limits and ADT exceeds 3000 VPD. (See Table F)

(3) Applies to wearing courses only, refer to job mix report for data,
M=Microns)

(4) Applies to binder courses only, refer to “job mix report for data.
{M=Microns)

(5) Filler bitumen is the ratio of material passing the 200 mesh screen

divided by percent of asphalt in the mix.

(86) Target lab voids prevail. Density may have to be increased to be within
~maximum field voids. General Specifications 2303.14 and Table "G." If
conflicts develop between lab and field voids, see Table F.

(7) Only on projects where F/B is based on extractions.
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TYPE B ASPHALTIC CONCRETE
LEVELING, BINDER, AND SURFACE COURSES

TABLE B
Test value Guides for Plant Produced Mixtures -
Mix Size 1"Mix T 378 Mix 1/2"Mix 3/B"Mix
‘ Mix Compacted in Laboratory Average Values
%Lab Air Voids (Min) See Table F
{Max} b b b 5
(1} (2) {(Calculated) Per I.M. 510
%Lab Air Voids {Min) See Table F ,
{Max) 6 6 6 6
(1) (2} (Rice) Per 1.M, 510
#Voids in Mineral Aggr. 14 14.5 15 15.5
YMA (Min) (1) '
A.C. Film Thickness - 7.0M 7.0M 7.0M 7.0M
(Min) (3)
A.C. Film Thickness
(Min) {(4) 6.5M 6.5M 6.5M 6.54
Marshall Stability {1bs.) 1500 1500 1500 1500

Filler/Bitumen {5)

Ratio (max) Cold feed 1.20 1.20 1.20 1,20
Extraction (7) 1,30 1.30 1.30 1.30
Mix Compacted on Roadway '
%Lab Density (Min) _ As Specified
%Yoids (Min-Max) 3-8 3-8 3-8 3-8

(1) (2) Avg. (8)

(1} Except when otherwise specified, mix proportions should be adjusted to
exhibit test values in the ranges given. When conflicts deve]cp, void
criteria based on Rice Procedure shall govern.

(2) Extreme caution should be exercised when mixtures exhibit average values
near the lower 1imits and ADT exceeds 2000 VPD. (See Table F.)

(3) Applies to wear1ng courses only, refer to job mix report for date,
{M=Microns)

{(4) Applies to binder courses only, refer to lab mix report data, M=Microns.

{5) Filler/bitumen is the ratio of material passing the 200 mesh screen
divided by percent of asphalt in the mix.

(6) Target lab voids prevail, Density may have to be increased to be w1th1n
maximum field voids. General Specifications 2303.14 and Table "G." If
conflicts develop between lab and field voids, see Table F.

(7) Any projects where F/B is based on extractions.

(
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TYPE B ASPHALTIC CONCRETE
CLASS 1 AND II BASE COURSES

TABLE C
Test Value Guides for Plant. Produced Mixtures
Class of Mixture : i 11 :
- Mix Compacted in Labgoratory Average Values
036 AiT Voids (1) {2} (Min) See Table T
(Max) . 6 6
(Calculated) Per I.M. 510
qLab Air Voids (1) (2) (Min) " See Table F
{Max) 6 _ 6

(Rice) Per I.M. 510
%Woids in Miner Aggregate ~ 14,5 14,5
VYMA {Min) (1) _
A.C. Film Thickness : 7.0M 7.0M
(Min) (3)
A.C. Film Th1ckness 6.5M 6.5M
(Min) (4)
Marshall Stability (Lbs.) 'j 1500 1000
(Min) L :
Filler/Bitumen Ratio“(s) {(Max.) Cold feed 1.20 1.20

: ‘ Extraction (7} 1.30 1,30

- Mix Compacted on Roadway '

%Lab Density (Min) B As Specified
%Voids (Min-Max) (1) (2) Avg. (6) . 3-8 : 3-8

{1} Except when otherwise specified, mix proportions should be adjusted to
exhibit test values in the ranges given. When conflicts develop, void
criteria based on Rice Procedure should be given prime consideration.

(2) Extreme cautions should be exercised when mixtures exhibit average values
near the lower limits and ADT exceeds 500 VPD {see Table F}).

(3) Applies to wearing courses only, refer to job mix report for data.
(M=Microns)

(4) Applies to lower courses only, refer to job mix report for data.

- (M=Microns) :

(3} Filler bitumen is the ratio of material passing the 200 mesh screen

- divided by percent of asphalt in the mix,

(6} Target lab voids prevail. Density may have to be increased to be within
maximum field voids. General Specifications 2303.14 and Table "G." If
conflicts develop between lab and field voids, see Table F.

(7) Only on projects where F/B is based on extractions.
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ASPHALT - SAND SURFACE COURSES
Table D

Test Value Guides for Plant Produced Mixtures
Mix compacted in laboratory Average Values

%Lab Air Voids (Min-Max) (1), (2) 6.5~ 9.5
(Calculated) Per [.M. 510

‘FLab Air Voids (Min-Max) (1) (2) © 6.5 - 9.5
(Rice) Per 1.M. 510

Marshall Stability {1bs.) Min. 200

(1) Except when_otherwise‘Specified, mix proportions should be adjusted to
exhibit test values in the ranges given. When conflicts develop, void
criteria based on Rice Procedure shall govern.

{2) Extreme caution should be exercised when mixtures exhibited average values
near the lower 1imits and ADT exceeds 2000 VPD.

ASPHALT TREATED BASE

Table E
Test Value Guides for Plant Produced Mixtures
Class of Mixture (2) 1 2
Filler/Bitumen Ratio (1} (Max.)
Cold Feed 1.3 1.3
Extraction 1.5 1.5
'A.C. Film Thickness (min.) 6.0M 6.0M

(1) The filler/bitumen ratio is the ratio of material passing the 200‘mésh
screen divided by percent of asphalt in the mix.

(2) Class I compaction max. field voids 8.0%

SN

N ;) |
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Iowa Department of Transportation
0ffice of Materials
Table F

“Laboratory voids shall be controlled on the basis of traffic volumes. The
following minimums are specified for field control and shall prevail unless a
conflict develops between laboratory voids, pavement voids and the specified
density. If conflicts do develop, a test strip shall be constructed to
determine whether or not the compactive effort required is within reason. Any
relief granted in the laboratory voids will be subject to a review of the test
strip results and characteristics of the mix by the central office. The
minimum voids, as determined by the laboratory job mix, will be targeted at
0.50% higher.

After October 1, except for Interstate mainline paving, the District Materials
Engineer may adjust the minimum Laboratory Void Limit downward by as much as
0.25%. This authorization is contingent upon a thorough review of all mix
characteristics and placement and compaction efforts. Any such change shall
be documented and a copy of such documentation shall be copied to the
Materials Engineer immediately.

Traffic Volumes

Course Position . 75 Blow - : 50 Blow Marshall
_ <10,000 5000-10,000 2000-5000 1000-2000 ==7000

Surface Course 3.5% 3.5% 3.5% 3.0% 2.5%

Binder Course 3.5% 3.5% 3.0% 3.0% 2.5%
Base Course (Upper 1/2+) 3.5% 3.5 3,0% 3,00 2.5%
Base Course (Lower 1/2+) 3.5% 3.5% 3.0% 3.0% 2.5%

DENSITY VOID GRAPH
~ TABLE 6

The Density Void Graph (Table G) can be used to demonstrate the relationship
between laboratory voids, pavement veids and the required density., As an
example, the minimum laboratory voids for a surface course with traffic
volumes ranging from 2000-5000 VPD can be 3.5% (Table F). By referring to
Table G., it can be shown what with laboratory voids of 3.5% at 100% density,
it will be necessary to compact to a minimum of about 95.4% of laboratory
density in order to assure a maximum of 8% pavement voids. Similarly, at 4.5%
laboratory voids, the minimum density would be about 96.4%.



Matis. I.M. 511

January 1988
Page 10 of 10

Supersedes January 1987 R

lowa Department of Transportatijon , m
Office of Materials

DENSITY-YOIDS GRAPH
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Appendix C
Example of Effects on Aggregate Degradation
on Mix properties



APPENDIX C
Effect of Average Aggregate
Degradation on Mix Properties

This sample experienced a gradation increase of +0.8 on the No. 200
sieve and an increase in surface area of 1.84 ft2, These numbers

approximate the averages calculated for all 390 sample comparisons.
This example demonstrates the effect of the average degradation on

several of the mix properties.

Example: Polk Co. FN-163-1(40)=--21-77
3/4" Type A Recycled Binderx
Mix Design #ABD7-106
Contractor - Des Moines Asphalt
Sample Date 7-22-87
Bulk Sp. Gr. Comb. Dry Agg. 2.661
A.C. content - 4.70% intended

Water Absorption - 1.04%



SIEVE ANALYSIS ~ SURFACE AREA CALCULATION

Percent Passing

Surface Area {sq.ft./1b.)

Cold Cold

Feed Extraction DifE. Factor Feed Extr. Diff.
3/4" 100 100 0
1/2¢ 91 91 0 +2.0 +2.0 +2.0 0
3/8" 75 77 2.0
No. 4 62 62 0 .02 1.24 1.24 0
No. 8 51 50 -1.0 .04 2.04 2.00 -,04
No. 16 41 39 ~2.0 .08 3.28 3.12 -.16
No. 30 28 27 ~1.0 .14 3.92 3.78 -.14
No. 50 12 13 +1.0 .30 3.60 3.90 +.30
No. 1060 6.7 7.7 +1.0 .60 4,02 4,62 +.60
No. 200 5.1 5.9 +0.8 1.60 8.16 9.44 +1.28

Total Surf. Area (ft.2/1b} 28.26 30.10 1.84
Effective A.C, Content - Aggregate Basis
Effective A.C.% = (A.C. % Mix) - 1/2 (% Water Absorption) (%Aggr. in Mix)
160
Effective A.C., & = 4,7 - 1/2 (1.04) (95.3} = 4,20%
100
Bitumen Index
Bitumen Index = (Effective A.C.%)
100 (Surface Area)
Bitumen Index (Cold Feed) = 4,20 = .001486
100(28.26)

Bitumen Index (Extraction Grad.) = 4,20 = 0.001395

100(30.10)



Film Thickness

Film Thickness (microns) = (Bitumeniindex) {4870)

FPilm Thickness (Cold Feed) = (.001486}) (4870) = 7.24 microns
Film Thickness (Extraction) = (.001395) (4870) = 6.79 microns

a‘; Film Thickness decreases by 0.45 microns due to aggregate degradation.

Filler - Bitumen Ratio

Filler Bitumen {Cold Feed) = 5,1 = 1,09
4,7
Filler Bitumen (Extracted) = 5.9 = 1,26
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Asth. Conc.
SR, Mumm

R. Monroe

@ lowa bepartment of Transportation > "
FORM 257 Materlals Department

20M 4-71 iane AMES LABORATORY
TEST REPORT — BITUMINOUS MATERIALS

Form 320257
6-82

Material ____3/4" Type A Recycled Binder Laboratory No,_ABC8-24

Intended Use Co1d Feed Research

Project No. Dept. INfo. County Potk

Contractor ___DeS Moines Asphalt

Producer

Plant Cedar Rapids Batch W/Baghouse

Unit of Material FN-1-3-1(40)--21-77 ABD7-106

Sampled by___9&NSen Sendors No. 3 0F 3
Date Sampled /2287 Date Ree’d .- 000 Date Reported 1-14-88

SIEVE ANALYSIS — PER CENT PASSING

Cold Feed 160 91 75 62 51 41 28 12 6.7 5.1
% Aggregate - By Extraction 94.96
% Bitlumen - By Extraction ..b.04
% Water
% Volatile

Specimens molded & tesied @ 77°F.
Marshall Stability, Ibs.
Flow, 0.01 Inches
Specific Gravity
After 8 cycles of F&T Specimens moided @ 40°F, & tested @ 77°F,
Marshall Stability, Ibs.
Fiow, 0.01 Inches

Specific Gravity
Percent Asphalt Intended

4
Percent Asphalt Tank Stick 3
Percent Asphalt Dist 1 Nuclear 4.
Percent Asphalt Cent. Lab Nuclear 4

DISPOSITION: By A Y - -
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Appendix D
Resgults of 1986 Cold Feed vs Extraction Study
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FH-G-gu/AL-21-32 84 RONLIN Brun Serubbor Ext. 53.9 0.0 958 2.3 g3.1 5.2 £4.2 8.7 6.5 38.6 £.49 25.5 5.1 4.9 2.6 3.9 6.% C}\E‘U—‘WJLMP‘E N =
=185 21/-21-34 23 cARLSOR Brun Serubber 172 Lonb. 108, 93.3 72.0 .0 0.0 9.7 5.6 )
FH-12-5-r2Lrn2 133 #3 CARLSOK Srun Serutber £ak W0 8.0 239 6.6 ?3.9 1.9 0.5 2.4 (] 30.3 a3 ~0.3 4.5 0.1 6.1 ~0.5 ]
FH-E4-2- /20,2112 02 CESSFNRD frun Serotber 12 Tonb. 99, 1.2 .8 37.0 6.6 i) 5.4 4D
FH-BA-Ze /20~ 123 B2 CESSFORD Oran Serubber Eart. 9.3 I 1.4 £3.0 -8 8.9 .2 38,3 1.8 28.0 L. .6 9.0 1.1 8.3 8.9 0=
FH-64 2= P20 2143 62 CESSFORD Brun Serubber e Lomb. ag.2 £3.8 5G.2 2.4 29.3 F.2 5.8 f 1
FH-g4-2n /202 193 92 CESSFORD Crumn Serubber Ext. 92 8.0 [ 5.2 1.4 50.3 2.7 3.1 8.7 20.4 L1 .} 8.9 6.7 8.2 a7 Sy
G220/ -2 143 82 CESSFORD Brun Scrubber 379 Lowb, 43.8 25.3 9.9 33.4 27.1 0.9 .6 5.8 i
FR-E3-2-/20/~31~ 93 B2 LESSFORD Hrun Srubber Ext. 160.0 L.z 87.% R 3.1 dg.1 3.2 32.9 1.5 20.3 1.2 22.4 1.5 1.3 4.7 3.1 6.9 [t R
UG /20021 £2 CESSFARD Sran Scrubper 39 Lonbr, 43.5% 85,3 B.b 33.3 2.5 20.1 G 5% Pt
FH-6-4-2~ /2002153 B CESSEARD frun Surubbee Euto 1G0T 0.6 BY.3 3.2 4.1 0.3 4.7 36.9 3.6 245.4 ER:] 23.0 2.9 2.5 9.5 -3 .7 1.2 - i C‘_’J
FH-AG3-Br 242155 B2 H.EGUGHAN & 50N Drun Serubber 348 Lonb. 7.2 69.2 %1 31.2 1.5 7.8 E
FR~163-B-/24/-21-55 BZ H.HOOUHAN & SUH Drun Serubber [ 0.0 5.6 ~1.5 67.3 ~2.5 LT ~1.4 30.2 -1.0 -2.3 ©.5 ~2.1 6.1 -4.7 {
FH~9~2-10/-23-12 53 H. HUDGHEN &50N  Orum Serublior 12 Conb. 99.2 ¥1.4 85.2 0.5 26.8 1.4 9.2 7.7 Vi
FHDuZay 10221772 ¥3 H. HODGRAM 450K L Serubber Exho 99,3 .1 -t 2.1 9.7 56.7 L5 4.7 0.2 26.8 ~8.3 13.5 ~0.9 8.3 -0.9 6.0 ~0.9 §
P=363-0-/3/- 30-06 3 B.L-ANDERSON run Serubber 102 Lonb. 180.0 95,7 BE.7 49.7 0.3 25.3 13.0 8.3 7.6 m
Pr363-0nr 50 3016 3 Bl ARDERSON Drunm Serubber £t 100.0 9.6 95.6 2.6 71.% 2.0 51.% 2.z . .4 5.3 1.2 1.2 “1.8 &7 2.1 5.7 :
Fe363-0nr37~30 =3 B.L.ANDERSOR Trun Serubber 1z Gorb. 1003 95,6 40 sa.7 G 28.7 133 9.4 8.4 -
P38 3073/ -30-06 £3 B.L.ANDERSON Drun Serubbor Ext. 1608 K 4.5 $.9 T3 3 53.5 ~L2 1.5 ~Z.5 26.3 ~§.4 3.8 ~3.4 5.2 -3 5.3 I et
PS8 ET-O=2s -TE-61 22 HEHNIMGSER Drum Serubber 39 Lont. 1908 58.5 83.% O 55.5 3.0 38.8 2.8 7.7 5.8 o
PR B0 2 O 82 HENNINGSEN trun Serubber Ext. 160.9 a.g 8.5 K 316 1.8 71.2 1.2 58,4 “B.1 3.2 0.2 275 ~2.4 1.6 ~g.4 T ~03 6. ~0.6 wn
SPE3T-G-22/-7C-6 1 £2 HENNTNGSEH Drum Scrubber 3% Lot 1800 40.3 86.3 7.7 53.3 SL. 28.8 16.3 £.7 5.9
PR TGP B2 HEHNINGSER Drun Srubbor Ext. 190.8 a0 7.9 -0.5 ECR 2.t 0.5 2.8 4.3 LE 4 “.k 28,1 Hi Y 0. 6.9 a.z 5.2 2% le]
R 168/ 147 —26-0% 8% LRRLSER Drun Serubbor e LCanb. 150.0 382,49 Bl 5.2 Bl 22.3 3.3 7.0 Bl Renycled ty
FRZ 158/ 12509 3 CRRLSON Gron Serubbor Ext. 00,6 0.6 967 2.3 65,1 .0 5.4 “B.5 7 ~6.4 22.3 o w.e 9.7 s 2.5 6.7 .6 .
FR-2 16-8r 14/-26-03 25 CARLSOR Crum Serubber [P Gonb. 0.5 8.3 52.8 6.5 ®.i 22.8 0.3 F.i 4.8 1 —
FR-Z 1987144 -26-09 83 CARLEGN o Serubbar Tk, 1908 0.4 90,2 1.9 2.5 5.0 A5 ~2.3 3.1 -2.0 22,5 ~3.4 0.8 a.¢ 7.7 X 6.5 8.7
FR-2 193 147~ 2657 23 CARLSOR Trun Ferubber {953 Canb. 1000 32.8 65 .4 3.3 38.4 26.4 2.8 7.3 3.8 : O -
FR-Z -8 1 -2D-09 23 CARLIGN Grun Serubber £xt. i60.0 0.9 39,7 1.9 £7.2 2.8 47.5 ~17 36.% ~1.5 25,4 ~1.a 2.3 8.1 7.8 .5 6.3 a5 OO
FR=2 18-/ 19/~ 2603 B3 CRRLSOH Grun Serubber kel Conb. 100.9 29.0 T 53.3 41,9 2. 22.5 1.? £.8 S5.% Ty
FR=Z 1608/ 14/ -26-03 F LRRLIGH Trun Serublier Euk. 100,82 0.9 21.3 2.3 .1 3.5 55.9 B 0.3 =6.3 i ~i.0 2e.l -4 1.8 ~0-1 4.8 £.0 5.8 0.4 :
FR30-8~r127-267 16 9 RIVER CITY PRV, Grum Serubbier vz Love. 99.3 ai.n 5§.% 5.3 ] 20.7 15.8 7% 5.5 o
FReF0 Bl 1252516 &4 RIVER CITY PAV.  Brum Sreubbor Eut 9.8 0.5 g7 -0.3 5%.3 9.4 4.6 ~B.% 7.5 -3 28,5 3.3 11.8 ~1.0 ©.9 -g.7 5.2 “0.6 el
FRI~PrrZira 2695 85 LARLSON Brun Srrubber 2 Lonb. W00 32.5 Si.5 .0 23.5 12.0 7.2 5.3 2 e
23 CARLEGH Deun  Serurber k. leua 0o 96 1.5 0.0 505 -6 IS8 1.5 2nB -0 R I E— sa -ng z [l
FRoG7 = TR0 2 83 CRRLSGR Erun Serubber 102 Lo 2.7 88.3 0.3 30.3 267 2.5 6.5 4 .
FRGu T f TR 2615 5 CARLAGH Brus Sexrtbber £xt. 1.8 -9 sz -Z.t -3 3T ~E.u 8.7 “1.6 20.9 ~6.2 ~0.2 .6 4.1 S 4.3 % -
£F CARLSON Brun Scrubber 102 Conb. 1000 92,4 49.5 EER) 22.8 6.3 5.8 s
&3 ERRLSCH Brum Serubber Exet o 92.3 -7 82.5 ~2.9 ~10.4 42,5 -7t 30.0 5.3 210 -8 .0 7.8 8.3 %4 4.9 - [
G P 22 A= 2 AT % CARLSGH Brun Sorubbor  E04 Conb. T2 a8 5.0 33.2 25.2 9.2 9.9 ?.3 JEs [e]
RGP s B2 s~ 2GS 8% CRRLSGH Brun Serubbor £t 1508 0.8 §0.8 3.0 6.8 3.8 3.6 ELN] 17 2.2 1.9 19.9 2.7 -g.2 a7 -8, 7.3 .2 Ity
FR=GuPm /227 26~15 8% CRRLSON Brun Serubber ko] Conb. 150.0 ®7.0 3.4 40.9 3z.4 25.¢ g .5 ] :C.L
L
wn:
FR-GT 2272545 8% CRRLLOR Brun Serubber Esst. 1069 0.8 #.8 L0 7.8 1.8 4.5 6.2 -5.8 0.8 ~1.6 3.3 ~B% “1.3 .3 -1.3 R
FPe30~7=/63/-26-57 84 RIVER CITY PRV, Drun Scrubber B2 Cont. 3.4 86.5 57,9 37.1 8.3 7.8 apy
FR=3E-~rB8,- 2657 54 RIVER €17V FAY.  Drum Serubbor Ext. 9.7 8.3 858 9.2 L% 0.9 -84 6.3 0.2 28.1 “@.2 -1.7 6.5 ~5.8 i
PR r25-2G-48 g2 ROFLIN COMSTR, Tron Serubber 12 Conb. .8 953 0.1 2.2 6.2 2.8 o
FR=Gubin 125026~ 48 &2 ROHLIN TONSTR. frun Srubber Ext. 3.9 &.1 91.7 1.5 0.5 v.2 -1.2 6.6 “1.5 25,4 ~0.8 1.2 7.5 -1.2 E
FRe9-6- 725/ =26-28 22 ROMLIN CONSYR, Orun Serubber 304 Conbi. .0 2.2 T3 £1.4 3.3 24,8 2.8 e
FR=G-~ /B5/—3G- 40 B2 ROHLIN LONSTR. Drun Scrubber st 100.9 1.2 907 1.5 V8.4 Z.1 £35.5 2-1 8.4 376 -0.5 29.7 -g.1 -6.8 .1 0.7 o
HES- &3/ 924 13 B4 ROHLIN CONSTE. Orun Serublme 12 Lonh. 3.9 3%.3 £9,0 3.2 22,8 1.9 70 foh
HES= 45 s/ - ZH-13 1 ROMLIN CONSTR. Orun Serubber Exi, 9.0 8.2 90,1 0.3 0.7 ~0.3 L1 8.1 1.3 29,1 1.3 12.5 8.6 L8 —h
HES-A-3n /- 2H-13 4 &4 ROFLIN CONSTR, fien e T 90,0 95.0 35,7 ¥0.5 . ] 285 o 3.5 5.8 = e
HES=4=F=¢9r-2H~13 81 ROMLEN CONSTR. Orim ferubber 3 £ak. 100.0 2.8 521 1.4 83.1 3.4 1.5 .0 3.2 3.6 1.6, 2.2 Br, =m0 9.9 ﬁ(s e
HEG<4= B/ 9 ~2H~ 13 Bl ROHLIN CuRiSiR. Drne Strabler 34 - Combl 39,5 9.4 ar.5 4.4 46.6 L) .7 6.8 - .
HES= 4~ 3~r9r-2H~ 13 £ ROSLIN CONSTR. Orun Serubber Ext. 4.8 0.0 4.7 0.3 ar.1 -0.9 72.8 -1-8 ~1.% 4.8 -1.2 27.8 .z 134 2.4 1.5 !
KES~ 183 £533/~2H~74 G ROKLIH £ONSTR. Orun Serubber 12 Tonb, 0.9 39.7 2.9 444 26.4 12.3 7.0 et ;
HEZ- 16-3- /30,2074 &2 ROWLIH £ONSTR. Qo Serubber Ext. 9.7 0.3 B89 “I.3 £5.1 ~2.8 -4 /.2 -5.1 5.1 “1.3 2.3 8.0 7.6 0.8 H o
; i
F-18-E=r39r-20-21 £ ROHLIN CONSTR. Bran Serubber  Ar2 Lorb. 1608 20,4 £8.3 37.9 85.% 9.8 .9 7 T
Fo13-Tr 39,2621 $ ROMLIN CONSTR. Drus Serubbor Ext. 98.5 ~1.4 40,2 .2 9.8 1.5 2.3 38.7 12 27.0 L3 5.3 1.5 8.9 1.9 v 8.8 L
Frflnmgmshs 2024 £2 RONLIM CONSTR. brus Serubber 12 Lomb. 160.8 0.6 71.5 27.¥ 7.5
FaBB-Ts A 20-61 B2 ROHLES CONSTR, Grun sarubber £t 99,9 ~0.1 3.8 2.4 5.3 3.8 4.1 R 29.2 2.6 8.5 i.8 - .
FH 188 1405021212 §4 RIVEEDETY PRY. Brun Serubber 304 Lonb. 106.0 1000 318 £9.9 435 z7.0 1.8 8.2 7.9
FH- 1881 S a2 |12 B4 RIVERCITY PRY. Crun Serublar Ext. 0.0 a.a B8 ~1.2 4.2 6.2 9.3 0.3 -0.% 2.5 “i.t 5.3 A g8 -0.8 5.5 “t. P 5.6 ~1.8
U188 1502112 84 RIVEREITY PAY. Grun Serubber 309 Lonb, 3.8 92.2 20.6 £3.9 3.2 23.3 4.8 £.9 5.8
Fl= 186 152 1 12 $4 RIVERCITY BRY. Trun Serubibar Ext. $3.8 7.0 3.2 1.0 32.8 2.9 4.5 0.7 -0.% 37,3 -3 22.4 ~0.9 3.2 (] £.5 “0.3 £ .3
-1 =Bm s 18/~2 121 63 ROWLIN Srun Scrubber 142 Lonbi. 93,5 231 3.8 3.8 25.9 19.8 .3 5.1
EH~7 3-8/ 1202 1 23 ROHLIN frun Serybber £t 95,9 2.3 45,8 3.7 £5.3 5.5 4.8 3.1 2.5 28.0 2.% 1.6 1.8 4.3 3] 6.6 1.5 9
Fli=¥ 1~§- /10212 U 33 ROHLIN Drun Ferubber w2 Larb, 9.4 a7.L 0.1 31.% 234 2.2 5.3 3.1 12 . A
FH=7 1@/ T~ 2 121 &3 HOHLIN Grun Sarubter £at. 98- -85 7.6 2.5 8.0 7.3 6.5 5.8 4.0 ELN] ERY 5.8 3.4 8.9 3.6 B2 32 3 e f/-*i’
FHi= 533072122 64 HATHY CORIR. Srun Seeubber 12 [ 106.8 32.0 2.0 4 4.5 30.5 5.9 £.9 2
Fli= 133720/ -2122 24 #ATRY CONIR. Brem Scrubber £at, 1063 5.0 2.0 3.0 7i.¢ 5.9 I 2.8 6.3 B 32.6 2.1 9.8 0.t 0.3 .2 6.3 3
Fl=L3-3-/307-21-22 BT AATHY TORFR, Bron Sorubber 04 Conbr. 3.0 9.2 T2 52.5 2. 43,5 g9.8 5.5 5.5 4
Ffi=13=3-/30/-21-22 S AATEY CORTR. Trun Sorubber Bt 93.2 0.2 41.3 8.7 30.4 3.2 4.0 1.5 2 0.2 3.4 “g.1 30.0 a2 0.9 1.6 1.3 71 6.3 8
FH 128~ -rSr-21-22 8% FAIAY Drum Scrubler 172 Conb. 93,1 2.8 €3.0 5 4.0 31.9 10,8 7.5 [
FH- 128 1502122 B84 HATHY Drrun Serubber Excd. 231 0.0 216 1.8 V0.2 1.2 S, ~Q.F 48,2 -0.3 3.3 -0.% ~3E 16.0 ~0.8 ISy -0.5 9
EH= 126 T~/ 5r~21-22 8d HATHY Brun Serubber ERL] Comb. EEX) .3 61.1 1.1 28,5 - 4.5 5.5 28
FH-128~1-/5/-21-22 o4 HAFHY frue Serubbor Ent. 94,5 0.1 gLt C 3.3 B33 z.2 .7 RIN a.8 a2 8.7 1.1 0.3 .8 6.8 8.2 33
FH-52- =738z 159 55 Cessford Brux Scrvbber LY Lanb. 9.4 9i.0 81.4 B2.S 38.5 2ar.7 A4 6.2 &
PRS2 /3022149 35 Lessiord Drun Savubber Ext. 1889 8.5 5240 1.8 82.2 1.2 6.3 1.8 -7 38.3 -0.2 27.5 ~g.2 ~g.4 2.8 ~0.6 ER ~0.4 £
FH-18~B-/18,-21-39 25 River Cily Brun Serubbor 102 Lonb. 93.5 38,2 68%.8 ™3 21.5 9.2 7.4
Flim 18~6=/197=2 131 85 Rivar City Brun Herubbar [ 0.0 2.5 3.2 e 54,5 0.7 ] 2.5 ~1.0 258 X “3.6 9.1 -0.1 7.4 a0
Heon of 04 Fferances — 0.2% 0.13 128 .50 0,44 5.98 0.45 0.33 (%] ‘ .
o ! W Diinsn, Asilrr
Std. e, of Differsnces -~ 248 199 2.33 3.26 z.82 2.18 152 181 1.50



LEDTR,

Project Hunbor vr. Contractor Hiser & Hix Size Sradation . : Gradation Data
Let Dust Tontral Type Siave Siave Siave s igve Sigwe Hove Sieve Fiove Siave Heve Hunber of
Mo B4 Giff. Mo 142 Biff.  Ho 3B Biff.  Ho 4 Biff. No & OifFf. Mo 16 DifF.  ¥o 30 Diff.  He SO Biff. . Mo 160 Diff. Mo 20D Giff.  Samples b/
ERCIR~BU~I~/138/-27~00T 83 HEMNIRGSEN Orus Baghouse vz Conb. 8.4 a1.3 54,3 3%.5 30,5 234 %t 6.4 $.0 1w
ERCIR-HA-3~/139/~27~0C7 05 HERHINGSEN Orun Begtwrise k. . 2.3 a.5 82,7 0.9 56.3 2.0 .8 0.3 30,4 -8, 4 22.6 ~0.4 .6 1.0 7.6 1 6.7 2 2%
N .
1R-B- Iy 1995420 - 12- PBASD4 HEBHINGSEN Drun Baghauss 12 Cantie 99.5 88.5 £6.0 49.8 32,5 26.0 2.8 7.5 &.2 4
1R-B0~ 5~/ 1597~27~ {2-TH1 B4 HEMNINGSEN {irun Baghouse =il 982 0.3 86.3 -0.2 5.7 =13 8.8 =1.0 6.7 ~0.8 25.7 0.3 12.5 0.3 5.9 0.6 9.5 8.7 10
IN-B~ 1=/ 199/-27- 15-TER 8% KENNINGSER CONT  Drum Daghouze 374 Lonb. 9.7 2.2 w2 57.5 4.8 35.0 27.3 1.5 7.7 7.4 4
FHeBY- 1~/ 142/-27~15- 764 03 MENNINGSEN CONT  Drun Baghouse Ext, i 2.0 2.0 .8 1.8 4.3 52.8 4.5 .8 3.8 38.3 3.3 29.% 2.2 12,3 0.8 .4 0.7 2.3 8.3 4
195/~2¢=15-T8 83 HLWUINGSEN COHT tram Boghouse £l Conb. B.% 95.3 883 8.4 4.7 6.0 7.7 10.2 ¥.0 6.9 3
1437271570 03 HENNIMOSEN CONT  Drun foghouse Ext. 169,0 1.9 ECR 32 83,5 3.2 £9.5 2.5 5.4 1.3 3.0 5.8 2.5 -g.2 2.5 1.7 .3 1.3 22 .8 2
FRe-4-3= 7P #=36~13 B3 FORT DOOGE 83PH  frun Baghouse 374 Cortr. G309 93.3 6.9 2.1 57.4 2.6 24.% 5.5 5.9 (X @
FRedmBes 7/ m20=13 83 FORT DOOGE ASHH Tron Baghouso gl 1G0.0 4. 5.1 5.2 25.1 ~3.3 £3.2 ~2.% 55.4 2.4 6.7 -~1.% 25,4 -0.3 1.2 L7 .z 1.8 3.3 21
FR-4-3-/7 226+ 13 83 FORT OODGE #SPH  frun Baghouze  3/% Lorb. 9.9 91.3 27.1 72.5 . 57.5 3.3 (27,3 12.9 e.3 £z 4
FR-duin ST 20413 83 FORY LODGE ASPH  Orun Baghguse Ext. i 8.2 54,3 9.5 85.1 2.2 58,49 ~d.1 54.6 2.9 0.4 ~2.2 j2d.? ~2.5 1.5 L& v.2 ~1.1 53 @
FR= 18~ 320~ 19 \:4)}»:3 CESSEORD frun Baghouse 12 Comnb. 1c0.9 35.6 69.% <8.4 .2 25.3 12.8 2.1 %] =
FR- 187 312 -T6- 191 &3 CESSFORD Trun Haghouse Exd. 160,39 8.0 4.3 ~0.7 627 0.z 48,1 . 7.0 -0.2 {260 8.7 FEN 0.3 .2 g.1 6.5 ~0.% 3
ERLFS4=1-/98/~2K.65 Y 03 KERNIKGSEH Gram Baghouse 1.2 Carb. 981 8.3 54,7 1.8 35.8 g 124 €.9 3.8 2
ERCF-34-1/99/-2K-S4F 83 HENMIHGSCH Brun Baghouse T - 9.1 a.a0 53.3 0.3 6.0 L3 5.9 0.§ 6.4 8.5 z 0.2 12,9 .3 T4 @5 &4 8.6 43
FH~107-2~/Br=21- 1 B9 KATHY CONSTR. Jrum Baghouso 12z Lorb. 9.5 50,5 2.3 9.2 G50 3.8 15.3 2.5 5.5 &
FH-10PE=sB 2117 B4 HATHY CONSTR. Trun Baghonse Tt .5 6.5 51 3.6 vz “0. % 56.2 ~1.0 3.3 -5.7 e 6.2 5.5 &2 8.7 a.z 6.3 4.5 ]
FR-1E-T=r38/-2 118 . &3 CESGEGRD firum Baghouse 12 Conb. 1060 8.4 63,3 0.8 37.9 (26,9 13.1 .7 6.3 12
-236/-21-19 ¥ 83 LESSFORD firun Beghouse Ext. 3.8 ~6.2 32.5 1.9 0.1 1.9 514 8.6 39.3 [PE I 1.5 133, 0.5 1.5 a.8 7.8 e.7 10
et ) B3 CESSERRY Grun Baghotize 34 Corb. wn.a 9240 803 5.4 52.0 41,2 2.0 3.5 7.5 ©.0 11
FRe 187 /3621 I 63 CESEFORD Trum Baghiuse Ext. 1.0 0.4 93,3 1.2 83.5 3.0 7.2 1.8 4.0 2.0 43.9 1.8 F29.4 1.4 5.7 a.2 ¥ ~d.2 Bt 0.1 5
FH-52-2~/ 4372131 1 HATHY CONSTR, Brun Haghanse w2 Lonb. §3.3 8.6 58.7 3.7 5.0 2v.7 .3 2.0 7.2 3
FRbe2ey 9342 1F) & HATHY CONST firus Baghonse Ext. 93.4 qa, 1 .4 L2 50.5 -2 436 =01 5.1 4.1 2r.3 0. 13.4 o1 1.1 a.d T4 02 a
FH-BZe2ry 3,214 31 - BATHY COMSTR. Drurn Bagharse g Cont. pice Rl 6.9 a¢.3 3.5 : s5.2 36.1 =2 18.7 .8 6.3 12
FHRA$E2mrddrm2 151 B9 HATHY COHSTR. frus Baghouse Ext,, 9%3.3 ~0.1 $h.od -0.% 26.3 BU.S o.q 45.4 Q.3 6.4 4.3 28.5 0.3 18.8 2.1 w8 0.1 6.5 .2 7
FH-SEn2-r13/- T EmT &1 HATHY CONSTR. B Bsghause 304 Larb. AT 31,3 TS 6.3 .8 0.5 0.3 1390 PN 5.9 -
FR-5E-Z= 43/ -2 15, LG4 HATHY COMSTR. Brun Baghoue Eut, jLi Ry 9.3 RENG 1.5 PR.5 .0 8.9 0.6 2.5 a.7 39,49 3.3 3.8 8.5 19.3% 0.9 L3 0.E 5.5 i Py 3
FH-27 5 ks 1-2 135 0% HEMMINGSEN Bron Eaghouse 12 Tonb., 91.8 40.8 85,1 2.8 0.8 6.3 13.4 7.6 6.1 ]
FH-E7S fms M -2 136 B4 HERNINGTER Grun Baghouse £t B4 8.2 8.2 0.5 £3.6 1.5 6.9 2.4 38,7 13 5.8 ~0.3 5.3 -t 3 0.3 5.6 0.5 s
L RS 01 BEBRINGSER Bren Baghouze  Ssd Lonb. 1e0.0 1069 8.5 4.7 @ 3.5 5.7 15.¥ 5 4.0 v
FH~2TE— 17 Pr-21-56 B9 HEERINGSEN Orum Boghoust Ext. 160.0 na 9%.3 2.2 28,3 B3 £1.0 2.7 4.8 ~2.1 F6.2 ~1.4 2.0 4.5 13.3% 0.2 .2 L] 5.5 2.5 B
FR-3-Ur23/ 2148 1 HANATTS [ Brue Baghouze 172 Conbi, WL 9.9 [ 1] ) 9.4 35.3 2.0 0.9 Tl 4.3 7
U3 23s =24 B3 HONATTS Lnc, tran Baghonse £xt . 9.2 -0.8 0.9 it 67,5 1.5 3.1 a1 5.3 a.9 3.8 1.4 2.5 LT .7 i.6 .9 1.5 5
PR35 DG -2k 83 HANATTS ERC. s Soghoute  3r14 Conb. W0.0 25.% 65,7 52.6 41,3 2.7 FER 7 6.2 3
FH-3- 52307 -E1-4E, £3 MANRITS [HE. Brun Baghtusa Ext. 1009 a.q 30.3 4.7 72.7 7.0 ST 5.7 45,98 1.5 23.3 2.6 1A .3 .9 0.0 Bt -0.1 13
e o ) B3 AANATTS nl. Beun (I Corb. 9.9 4.2 1.4 £5.3 52,9 0.9 6.7 1,% 6.8 5.0 P ¥
Fe3-3/25r 2146 &3 MAMRTTS {nC, Yrun Baghaute Eret. 0e.0 - 0.8 24,8 9.6 1.3 “3.1 5.7 a.4 515 ~0.5 0.8 0.1 2.7 1.9 12.6 1.3 7.9 1.3 [ %1 112 5
FH- 15012602157 & CENSEORD (OHSTR  Brun Beghouse 1wz Conb. 9.2 95,3 50.9 52.0 1.4 23,1 13.8 7.6 5.5 ]
F- 180~ 1= r 262 157 24 CESSFDRG LONSTR Dran Baghouss Bty 49,1 2.1 92.8 -2 9.6 ~3.3 52.1 Q.1 Gi.7 4.3 e 6.7 5.0 1.2 @5 i.¢ 6.5 1.9 0
£ 150 126 T1nST G4 CESSFORD LONSER  Brum Daghouse /4 Conb. 190.0 3.2 Pt S1.% 1.3 26.6 3.3 w1 5.1 8
FR-150- 1~r 262157 \hP'l TESSFURD CONSTR Lrom Baghouse Lt el B] Q.8 ¥3.2 .1 0.3 2.z 82.1 8.2 43.3 a.2 28.9 4.3 13.8 0.3 T4 .5 S 9.3 &
FHi-63-3~/35/~21-52 T HANRTTS frun Baghonse 17z Lomb. 1009 29.6 62,0 3.7 Z3.3 5.7 3
3-3-r BB 1452 B4 MANATTS Brus Baghouse £t o -1.3 34.9 -3 234 1.4 51.4 1.3 2.9 8.5 LR §.4 H
FH-63-F-r35-21-82 o1 HARATIS Trun Boghouse 2 Towb. 109,03 387 $3.0 51.3 243 4.5 4
FR-EI-B-r35/ 2082 X 84 HEARTTS Hrun Baghouse Eret, 99.5 ] 86.2 ~2.5 5.9 ER 5t.0 -0.3 2%.3 -0.2 5.3 8.7 ¥
sn‘-sa-a-xa&z-zpsa?\ B HARATTS run Baghouse 304 Earb., 100.0 e 55.8 6.9 -4 4.4 5
#11-63-3-435/-21-62 Y 0 pnres Grun  Baghousse £t 1009 9.8 9.2 0.6 638 -z S0 2.8 510 -2 a7 2.1 4
FH-F -/ 1921000 “4;.,?"3 CESSPGRD COHST.  Drum Gaghouse 3t Lonb. 1009 48,0 a7 £5.0 ’ 45.0 57 2z.0 2.8 5.3 48 ]
FH-3H-4-7 19/ -21-68 33 CESSFORO LONST. Drun Baghouse f’/g Ext. 1000 0.4 957 .7 AE.4 1.4 6.1 Lx 49,4 a.4 3.2 9.5 23.6 18 0.5 8.7 7.2 1.3 6.2 1.5 &
Fl-148- I~ /342107 n&1 HENNIRGSEN Orun Baghaorse /2 Laub. du.¢ 23,5 53,3 .7 R 355 5.8 13
EH~ 148 ks 5/ ~2 L& @1 HENHIHGSEN Crum Baghouze Ext. 99.8 9.0 98-8 1.3 £8.2 ~1.1 52.2 ~0.§ 316 .1 6.1 0.6 0
Fli- 148~ S o2 167 X WS4 ACuNEsGEEn Drum Frghouse 34 Canb. 95,8 - 32.4 555 53.3 35 5.8 5
i~ A48 105/~ 2 BT g4 HENNINGSEN Trux Bagheuse Ext. 29.9 1 33.7 1.3 £5.4 .1 52.3 ~0.1 3204 ~G.1 5.8 g.0 21
- 196 -;u-ai-as”\ifm HENMERGSEH Orun Sagheuze  3vd Lonb. 100,08 21.3 £3.2 53.6 43.0 37 1.5 $.9 7.2 5
e 185-0n 1/~ 388 T W1 HEMHYRGSEN Orun faghouse . faek. 1004 o.g 32,1 0. 63,3 r .z sS4 -1.9 6.1 ~2.6 23.8 -1.8 15.0 -L.5 7.8 -1.3 5.z 1.2 7
FiieGude s 15-21-91 5!3‘9(&3 ERCHER Drun Baghouse 17z Conb, 93.9 8.4 2.7 58.3 - 23.4 5.4 ?
e (2L g bRONER Pran Baghouze £xt. 95 ~0.1 368 8.4 2.0 -7 7.5 ~1.6 32.5 3.1 .2 2.2 E]
& 2
FH-92-3-/380-21-07 gV B NGRRIS Orun Baghouse e Cant. 100.03 T4 9.7 0.7 25.7 5.8 2
FN—92-9—133;%21~92Q‘ B4 NORBIS Qrun Baghouse Tk, 1086 &0 49.5 116 82,4 ‘ = 5.3 0.4 7.9 1.7 B3 2.9 31
Etim 19= 5= /521~ , E4 HORRLS COHSTE Drun faghouse 12 £orb. 99.3 7.6 £6.2 $1.4 5.9 5.3 1
Et-19n 1B~ 21405 Fert NORRIS CONSTR Orun Saghouse Ext. .5 ~0.g 2.9 0.3 B5.9 I 5.3 50.2 1.2 261 f.2 6.2 0.8 13
EHi- = 1= 2621295 24 HORRES CCnSTR Orin Saghouse 34 forb. 93,40 6.5 $8.% ®.3 25.9 . 5.3 5
A= 191752135 & §4 HORRIS CONSTR firyn Baghouse Ext, 3.0 0.0 WS 1.0 535 6.7 *®.2 0.1 2.6 5.3 0.6 6 ;
5
ERnREA LA TT=0F 93 DESHOLNES 8SPH.  Drun Saghouse B4 Conb. TH.4 BT.7 5.2 58,1 .8 3.4 22.3 9.6 s.a ™~ 3.8 R 2 4
SP-BIG- =240 08 53 GESHOIHES ASPH, frun Baghouss Ext. 190.0 0.6 g0 2.3 TH.B 3.4 59.2 1.1 1.6 ~0.Z 3.1 ~0.3 2.6 13.0 7.9 2.9 - 3 2.3 v i
SPubZg-0- /2 /-0 £3 OESHOIKES ASPH. Srgn Bashouss arg Conb. 42.9 6.5 T4.8 57.0 426 1.8 21.1 10,6 5.3 5.4 k-
SP-bEA--r2/TC-0R Y, . 63 UESHOINES WSPH.  frum Baghouse oy 106.0 1.1 8.5 1.3 Th.6 18 59.3 2.3 R 55 ] 33.8 2.9 22.3 1.2 £.9 4.5 6.0 6.5 [
FH~ 188~ r 372 158 % Henmingson Drum Baghouse 1z Cant. 100.0 31.3 £4.8 53.0 43.8 ar 16.5 5.9 7.4 & -
EH- 1860~/ 121738 £5 Hanningsen Orum Boghouse £t 109.0 2.0 2.3 1.8 £3.4 LR s1.4 ~1.% 0.5 ~2.4 0.0 ~1.7 4.8 “1.7 P2 “1.7 5.8 —hab ]
FR-169-2-/ 16s~2G-88 ‘,}‘JHS Henningsen Trum Baghouse 34 Cankb. 5.2 83.9 9.5 6 0.6 2.1 19.0 9.3 5.9 5.0 7
FRo159-2er 157260yt §5 Henningson Bran Baghouse £t 99.7 0.9 914 1.3 81.3 L7 £5.1 °.5 . -0.6 3.2 5.2 zz.9 4.0 4.5 4.3 5.3 Q.4 5.5 0.3 T
FR-16GZ/ 6r~20m 80 55 Hermingson Trun Baghouse 17z [ 3.0 3B.6 .2 52.2 .z 20.5 4.2 5.3 5.5 5
FR-ISA-2F L6/~ 20-08 25 Menringson {run Baghouss Exi. 3.2 0.2 1.3 i.2 7i.2 i.a SL.& 0.4 3.6 -0.5 2140 4.4 2.1 3.3 BT 6.8 5.8 0.8 5
D126 o 85 Henpingsen Brur Baghouse 172 Cant . a0 32.8 54,9 51.4 3E.5 20.4 8.7 6.0 9.7 7
FR-J4-4=/21/-26-38 0¥ #5 Honningsen Dron Zaghouse Ext. 473 8.8 49.3 9.5 675 2.3 6.8 ~2.6 5.8 ~1.6 0.5 8.1 a7 2.0 5.3 ~8.2 5.0 0.3 5
FR-Zdmdnr21-26-550 " §% Henningson Brun Haghouse B4 Cemb. 3.5 31.8 az2.2 570 S1.8 38.2 z1.4 4.5 6.0 .7 8
FR-3a-4-/217-26 80 £5 Henmingsen Prun Baghouse Eut. 53.8 Gt .4 0.4 20.5 -1.7 63.2 ~3.8 4.5 .2 35.4 -2.8 2.9 0.1 8.8 -0 5.3 a2 5.0 .3 2
FH- 144572137 85 Coszsford grun Baghouse 3eq Conb . 59.4 95.4 2.4 70.0 ) 3.7 42,1 3.5 17.2 .9 .6 W Sizer 4 -
FH- 143 -2 13T 35 Ceonsford Grun Baghouse £t 99.2 ~3.2 983 0.k £8.1 0.3 [ 0.6 4.5 -(3.2\ 4z.1 9.0 .t ~HE 17.4 a7 9.5 ~3.3 b5 0.0 9 30, Conbi
FH- 1993~ 32 137 B Cezzford Brun Baghouse 1w Canb. WD 95,2 9.4 b5 10
FH- LS dre21-57 85 Coszford B Baghrouze £xt, 108.0 0.9 95.5 4.3 4.1 5.3 6.6 0.0 9
FR-I4-27 18/ -28~ 5 85 Gos Hoines Rsphalt fram Bagheuse e Canb. 92.5 3.0 8.0 49,5 " 22.%5 6.7 2
FR~14~2~7 157-26-53 9% Ges Méires Asphald Drum Eaghonta Exct. 1068 LR 0.8 1.3 §9.0 Lo 0.5 -L.0 3.8 0.5 - 5.3 0.9 z
Fi- 1051752656 &% Cessford Brun Baghsuse 379 Conb. ga,4 7i.l 2.7 93,0 25.9 5.0 3
Ffi=1031- 1- /6, -26~56 &5 Cozzford Bron Baghouze Ext. 93.7 4.3 3.2 2. §5.2 2.5 4.5 =4.49 26,8 a.z 5.6 1.6 -3
B 153 1~r b =20-58 05 teszford Grun faghouse 2 Conb. 8.3 75.5 G EER-] 24.5 7.6 4
FR 1G5 1~ /6/~26-55 55 Loszford Bram Baghouse Ext. 33.3 5.8 9.2 3.7 0.8 5.3 7.8 3.7 27.9 2.5 53 ~1.9 4
Hean of Differcnces - 0.7 0,41 6.5 a7z -G 27 0.03 WEE o a.41 4.18
Std, Qev. of Differonces == Q.94 108 2% ) 2.7 1.8 1.83 L1 1.01 .31 .03 B g“/’é“‘“





