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ABSTRACT

Cement-aggregate reactions were first reported in the 1940's,
Depletion of gquality aggregate, changes in cement and the use
of fly ash make cement-aggregate reactions a problem still to-
day. This latest research into alkali-aggregate reactivity
was initiated to evaluate the new ASTM style test containers

and evaluate the effect of Class C fly ash on the expansive

reaction.

Three aggregates were tested in combination with three cements

and three fly ashes available in Iowa. Thirty-six combina-

tions were made and tested over a six-month periocd. The con~

clusions were:

1. The new style ASTM containers were much more effective

than the containers used by the Iowa DOT in the past.

2. Some mixes with 15 percent Class C fly ash had increased

expansion over comparative mixes without £fly ash.

3. The Oreapolis #8 pit did not appear to have an alkali-
silica reaction problem based on this testing and earlier

reported testing.
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INTRODUCTION

In the early 1940's, cement-aggregate reactions in concrete
were first reported. The portland cement can react chemically
with certain minerals present in the coarse or fine aggregate
to produce expansion and cracking in the concrete. The most
notable cement-~aggregate reaction in Iowa is that experienced
with Platte River aggregate. Research indicated that the ad-
dition of limestone to the concrete mixture would eliminate

the harmful reaction.

The other type of reaction of concern to Iowa is an alkali-
silica reaction. Expansion and cracking of the concrete are
produced when the sodium and potassium oxide of the cement re-
act with certain silica minerals. The solution to preventing
the reaction has been to limit the amount of alkalies in the
cement when used with suspect aggregates. The present limit
on alkalies in Iowa is 0.90 percent which was established in
1979. Prior to that, the limit was 0.75 percent. ASTM and
AASHTO suggest a limit of 0.60 percent alkalies when the ce-
ment is to be used in concrete with aggregates that may be

deleteriously reactive.

Alkalies are generally present in the finer fraction of the
cement. Before air quality was an issue, kiln dust was re-
leased with the exhaust gases into the air. Now filtering
egquipment is used to collect the dust and return it to the ce~

ment. For some plants the kiln dust returned to the cement
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increases the alkalies above current limits. In those plants
the kiln dust is collected separately and is disposed of.

Disposal can be an expensive alternative.

The Iowa DOT has performed alkali-silica testing twice since
1978. In both instances, the test failed to work as intended.
ASTM recently changed the alkali-silica test procedures (C227

and C441) because of testing difficulties.

OBJECTIVES

The objectives of the study were:

1. To tegt the effectiveness of the new ASTM type mortar

boxes.

2, To test the effect of 3 commonly used Iowa fly ashes on

t+he alkali-silica reaction.

MATERIALS

The following materials were used in the study:

Cements: Northwestern States (Na20+0.658K20=0.21) (AC7-826)

Dixon Marquetta (Na20+40.658K20=0.90) (AC8-156)

Davenport (Na20+0.658K20=0.48) (AC8-633)

Fly Ashes: Ottumwa Class C (ACF8~-22)
Louisa Class C {ACPE8~-23)

Council Bluffs Class C {ACF8-21)
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Fine Aggregate: Oreapolis #8 (ANE514)
Cordova (AIL502)

Pyrex Glass (No. 7740)

Test results for the materials are in Appendix A. X-ray
diffraction testing was performed on the two sands to document

their composition.

TESTING
All preparation and testing was done in accordance with ASTM

C227-87 with the following exceptions:

1. One batch per cement-fly ash—aggregate combination was

made instead of two.

2. Measurements were made to the nearest 0.001 inch instead

of 0,0001 inch.

The materials were chosen to represent the range of materials
used in Iowa. Cordova aggregate from the Mississippi River
was considered to be of low probability for reactive material.
The Oreapolis aggregate is from the Platte River basin in
Nebraska. The probability of reactive material was considered
higher for this material than for the Cordova sand. Pyrex
glass is very reactive in the presence of alkalies. It is

used as the standard aggregate in ASTM C441, "Effectiveness of
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Mineral Admixtures in Preventing Excessive Expansion of Con-
crete Due to Alkali Aggregate Reaction®. The cements were
chosen to represent the low, medium and high alkali cements
that are currently available in Towa. The fly ashes were

three commonly used sources for concrete in Iowa.

Preparation and Storage

Two, l=~inch x l1-inch x 10-inch mortar bars were made for each
combination of cement, fly ash and aggregate. Seventy-two
bars were made on three separate days. The mix proportions

were as follows:

Cement 300 g 255 g
Fly Ash - 45 g
Aggregate 675 g 675 g

The specimens were stored in containers of the type noted in
the ASTM procedure. Each container holds 6 bars placed on
end. Water was poured in the bottom of the container and each
container was sealed with vinyl tape as noted in the proce-

dure. The containers were stored at 100°F + 3°F,

Test Results

Each specimen was examined at 14 days and 1, 2, 3, 4 and 6
months after molding. The results are in Appendix B and shown

graphically in Figures 1 through 3.
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FIGURE 1. EFFECT OF FLY ASH ON EXPANSION
WITH PYREX AGGREGATE
NORTHWESTERN CEMENT
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FIGURE 2. EFFECT OF FLY ASH ON EXPANSION

WITH OREAPOLIS AGGREGATE
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FIGURE 3. EFFECT OF FLY ASH ON EXPANSION
WITH CORDOVA AGGREGATE
NORTHWESTERN CEMENT
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DISCUSSION OF RESULTS

The new containers functioned properly for the tests. The
criteria for the testing with pyrex glass is that cement con-
taining more than 0.60 percent alkalies is expected to expand
more than 0.020 percent at 14 days. Nine of the 12 pyrex com-
binations exceeded that limit. Eight of the 9 combinations
were above 0.200 percent at 14 days. The three combinations
at 0.020 percent or less were with the low alkali Northwestern

Cement.

Expansion of 0.05 percent at 3 months or 0.10 percent at 6
months are considered the limits of acceptability for a
cement-aggregate combination. When 6-month data is available,
the 6-month result governs. None of the Oreapolis or Cordova

combinations exceeded 0.10 percent.

The most interesting part of the study was the expansions that
occurred with a 15 percent replacement of cement with fly ash.
With the lower alkali cements and pyrex, Class C fly ash in-
creased the amount of expansion over comparative mixes with no
fly ash. Similar results were reported by Iowa State Univer-
sity, the Nebraska Department of Roads, and the Kansas Depart-
ment of Transportation. The reason for the increase does not
appear to be related to the total or available alkali content
of the fly ash. Council Bluffs fly ash had lower alkalies but

produced larger expansions.
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CONCLUSIONS

The following conclusions can be drawn from the study:

1. The new style ASTM containers are much more effective than

the containers used by the Iowa DOT in the past.

2. Some mixes with 15 percent Class C fly ash had increased

expansion over comparative mixes without fly ash.
3. The Oreapolis #8 pit does not appear to have an alkali-
silica reaction problem based on this testing and earlier

reported testing.

RECOMMENDATIONS

The following recommendations are suggested:

1. Testing done and reported in 1980 as MLR-80-3, "Special
Report on Alkali-Aggregate Reactivity" should be verified
using the new ASTM style containers. Thirty~one sands
were tested with 3 cements. Only 1 of the 93 combinations
showed any expansion at either 3 months or 6 months. The

majority of bars showed shrinkage.

2. Class C fly ashes in Iowa appear to, in some cases, in-
crease the expansion when used at 15% in the mortar bars.

Class C fly ashes should be included in future testing.
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Appendix A



m;o.mﬂumwm oo ic DEPARTMENT OF - TRANSPORTATICN
REPORT OF CEMENT TESTS
MATERIALS DEPARTMENT : - CEMENT TESTS .
PROJECT Cept. Info.
: ‘ COUNTY
LABORATORY ACB-156 ) DATE 4-25 _,,m. &
PRODUCER Dixon Marquette Cament Co. ~ PLANT Dixon, TL COPIES TO ] _K.-Jenes
CONTRACTOR DESTINATION
saMPLED By _ Producer 3 AT DATE SAMPLED _ 19
Intended use: Fly Ash effects on Alkali-Agq Reactivity _
entification of Samples . aine er Cent uvto-Clav Strength
e - e syt [moee | oo | TEe | GBEE | AR SR ey ] Do
Sendars Number Bin, Car of Invoice Number Avarage AVerags
ACB-156 1 |25.6 ok 369 10.6 41 310 4350+ Complies
Chanical Analysis %
Mg0 3.82
503 2.85
Ign. Loss 0.49
Insol Res. 0.12 L%
Fe203 . 3.03 "
AT203 5.30 ™
Cal A83
C3A 8.92
Na20 0.07
K20 1.26
Na?0 Equiv. 0.9 N\ S




m.a_mwm B h ST
qu. ; A DEPARTMENT OF -TRANSPORTATION

“:.  REPORT OF CGEMENT TESTS

.s.m.fu., s v
HATBRIALS BEPARSRNY _ : BRMRRT VRIS L
PROJEGQT Dept. Info.
: COUNTY
LABORATORY Ames paTE  February 19 g 88

PRODUCER Northwestern States Comet Co pLant _Mason City . 1A COPIES TO Cement

CONTRACTOR DESTINATION K. dones

saMPLED BY R. Kalsem AT DATE SAMPLED _ 12/16/87 19

B N ideatification of Samples o c Blzine m.mw Cent Aute-Clave Strenpgeh . N
. e e e [T e | e | R by ] Disporition
Senders Mumber Bin, Car ur Invoico Number Average Averigs
AC7-826 14 Bags I [25.4] oK 381 9.1 .02 4330 5280 Comply
Chemical Analysis %
Mal : 1.15 1
UCw 3. 34 -
Ign. Loss 0.97 =
T—Res G727 ™
£ A
BTyUg 5717
Cal 63.65
A 0781
zmmo 0.03
oG (Gawys
Nao0 Equiy. 0.21
m\\/; oy
SIGNE KKQKF%MMV\\‘ uWM”ﬁMM“(P& '




m,o.ﬁm_. mem TOWA DEPARTMENT OF TRANSPORTATION
REPORT OF CEMENT TESTS
MATERIALS DEPARTMENT CEMENT TESTS
prosecr Pept. Info.
COUNTY
LABORATORY AC8-633 DATE 11-15 19 88
PRODUCER Davenport Cement Co. PLANT Buffalo, Jowa copries 170 K«Jd0nes
CONTRACGTOR DESTINATION
SAMPLED BY R.Kalsem AT DATE SAMPLED 19 Rec'd. 10-19-88
entification of Samples . aine er Cent | Auto- .ncm Strengt
Pﬁﬁwﬂ.ﬂ%ﬁ«z - faennt { Semel , ZM_MWUMM%_W Type | N. C. .?mu% of WMMMV“HW% W%PM% WMwwﬂmwwm_w o : wawv_ : Disposition
Senders Number Bin, Car ur Invoice Number . Average Average
ACB-633 I |124.4 | CK 398 10.1 .05
Intended Use: MLR-88-7. Fly ASh effects on alkali-dggregate reactivify & comgosite of [sample sent to{lab forimonitor testing.
-
- . V
Chemical Analygis % =
ing. Insol Nao0 =
Mg0 S04 Res. Res., Fes0q Al,03 Cal CLA Nas0 K20 Equiv.
3.28 2.43 1.23 0.05 2.34 4.33 £3.46) 7.51 0.18 0.45 | 0.48
SIGNED )
. V4
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cem K. Jom S
£ § lowa Department of Transportatuon Cament
MATERIALS DEPARTMENT
TEST REPORT - MISCELLANEOUS MATERIALS
AMES LABORATORY
Material Fly Ash Class C : Laboratory No. ACF8-23

Intended Use ____F1y Ash effects on Alkali - Agg. Reactivity

County : Proj. No. Dept. Info.

Producer __Louisa Generating Station Marketer  pavenport Cement Co.

Source Muscatine, IA

Unit of Material

Sampled by Producer ; Sender’s No.

Date Sam;ﬁed Date Rec'd __6-17-88 .Date Reported 6-17-88

‘Chemical Analysis %

590, 35.61 Physical test ASTM C-311-87
A1203 23.09 - Specific Gravity 2.69
Fes0 5.45 Pozz. Activity:
subtdtal 64.15 - 7 Day 113.8 %
Nao0 . 1.65 28 Day 106.0 %
KoO 0.39 Water Requirement 9.5 %
Alkali Equivalent 1.91 Autoclave: : .03 %
Available Alkali 1.33 325 Mesh: 89.6 %
505 '1.83 Spec. Surf: 11871 cm?/cm3
Moisture 0.00 Compressive Strenth . :
Loss on 800 C Ignition 0.17 ° Fly Ash- & Sand: /
Mg 4.74 1 Day 207 PSI
Cal 26.65 7 Day 243 PSI
Complies

DISPOSITION: i Signed >
' . : ) . ng imeer .
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Form 826259
: % lowa Department of Transportation Cement
MATERIALS DEPARTMENT
TEST REPORT - MISCELLANEQUS MATERIALS
AMES LABORATORY
Material F]y Ash Class C 7 Laboratory No. ACFB-21
Inmndedt&e Fly Ash effects on Alkali-AGG Reactivity
County ‘: fl Proj. No. _Dept. Info.
producer ___Council Bluffs Unit #3 farketer wig yest Fly Ash
Source __.Council Bluffs, IA
Unit of Material
Sampled by Producer Sender’s No.
Date Sampled .. Date Rec'd 6-17-88 .Date Reported 6-17-88
Chemical Analysis %
5105 31.34 - Physical test ASTM C-311-87
A1,04 18.98 Specific Gravity 2.70
Fe 03 ‘ 6.60 Pozz. Activity:
Subtotal 56.92 7 Day 104.6%
Na»0 2.32 28 Day 98.8%
Ko ' 0.30 Water Requirement 90.5%
Alkali Equivalent 2.52 Autoclave: .06%
Available Alkali 1.52 325 Mesh: 82.6%
503 3.55 Spec. Surf.: 11827 cmé/em3
Moisture 0.00 Ccompressive Strength
Loss on 800 € Ignition 0.35
Mgl 6.28 Fly Ash & Sand:
Cao 29.26 1 Day 213 PS1
7 Day 542 PSI
Complies

DISPOSITION: - Signed A_I : %

'I'esung

Bineer
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Form 820259 K ~u:JONES
o f ‘ jowa Department of Transportation  “Cement
MATERIALS DEPARTMENT
TEST REPORT - MISCELLANEOUS MATERIALS
AMES LABORATORY
Material Fly Ash Class { ‘ Laboratory No. ACF3-22
Intended Use T 1y Ash Effects on Atkali AGG Reactivity
County Proj. No. Dept Info.
Marketer ,.
Producer . Ottumwa Generating Station Contrastor Mid West Fly Ash
Source Chillicothe, IA
Unit of Material
sampled by ___Producer Sender's No.
Date Sampied - Date Rec'd 6-17-88 ‘ YDate Reported 6-17-88
Chemical Analysis % Physical tests ASTM C-311 87
- : Specific Gravity 2.72
Si0p 31.65 Pozz. Activity:
Al1203 . 22.53
Feo0q 5.37 7 Day 91.1%
Suptotal 59.55 28 Day 96.2%
Nao,0 3.47 Water Requirement 90.5%
5 : 0.36 Autoclave: .06%
A%ka11 Equivalent 3.71 325 Mesh: ‘ 84 .4%PSG
Available Alkali 2.52 Spec. Surf: 11988 cm?2/cm3
S03 . 2.78 Compressive Strength
Moisture c.00 -
Loss on 800 € Ignition 0.14 Fly Ash & Sand:
Mgo - 4.72 ,
Cal 26.85 i Day 198 PSI
: 7 Day 302 PSI
Complies

DISPOSITION: _ Signed
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Appendix B
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LENGTH COMPARISON HEASUREMENTS (INCHES X 0.001)

ENITEAL  14-DAY  I-MO.  2-H0. 3-H0. 4-HMO, 6-M0.

1A NORYHHESTERM HONE PYREX [ A 502 302 503 503 504 503 503
B NORTHWESTERN HONE PYREX ] 519 320 519 319 320 520 h20
2 A NORTHWESTERM NONE CORDOVA 24 541 548 548 548 350 548 549
B NORTHHESTERN HONE CORDOYA B 546 546 547 547 548 547 547
3 A NORTHWESTERN NOKE OREAPOLIS #8 3 A 543 544 544 544 546 545 545
B HORTHWESTERN NOKE OREAPOLIS #8 B 549 541 541 541 543 542 542
4 & NORTHHESTERN LOBISA PYREX 4 4 544 344 543 545 546 545 541
B NORTHWESTERM LOBTSA PYREX B 542 542 343 544 546 546 548
5 A NORTHWESTERN LOBISA CORDOVA 54 498 498 498 498 564 498 439
B NORTHWESTERM LOUTSA CORBOVA B 524 524 34 325 326 524 575
6 A NORTHWESTERN LOBISA OREAPOLIS #8 6 A 531 53} 54 532 533 532 533
8 NORTHWESTERN LOVISA OREAPOLIS §8 B 528 528 528 528 530 329 529
T A NORTHWESTERN COUNCIL BLUFFS PYREX TA 538 535 548 557 559 558 559
B NORTHWESTERK COUNCIL BLUFFS PYREX 8 538 h44 557 565 567 567 568
B A  NORTHWESTERN COUNCIL BLUFFS CORDOVA B A 533 333 533 534 534 534 534
B NORTHWESTERN COUNCEL BLUFFS CORDOVA B 515 515 516 516 516 516 516
9 A NORTHWESTERN COUNCIL BLUFFS OREAPOLES #8 9 A 546 347 541 541 548 541 541
B NORTHMESTERN COUNCIL BLUFFS OREAPOLIS #8 B 538 539 539 539 540 539 540
104 NORTHWESTERN OTTUNHA PYREX 104 524 526 533 543 546 547 541
B NORTHWESTERN OTTUNKA PYREX B 536 538 545 554 558 558 559
FHA NORTHWESTERN OTTUMKA CORDOVA 114 52 521 521 528 528 521 528
B NORTHHESTERN OTTUMKA CORDOVA B 510 51 511 Sh 512 st 512
124 NORTHWESTERM OTTUHKA OREAPOLIS #8124 534 534 535 535 536 335 535
B NORTHWESTERN OTTUMKA OREAPOLIS §8 B 513 514 515 515 516 315 515
134 DAVENPORT NOKE PYREX 134 537 558 565 568 569 569 569
B DAVENPORT NONE PYREX ] 539 559 565 568 368 368 569
F4A DAVENPORT NONE CORDOVA 144 546 547 541 548 549 549 549
B DAVENPORY HONE CORDOVA 8 547 548 548 549 549 549 556
{54 DAVENPORY NOKE OREAPOLIS #8 154 522 323 524 525 525 525 526
B DAVENPORT NOKE OREAPOLIS 48 8 521 543 521 525 525 525 526
i6A  DAVENPORT LOU15A PYREX 164 520 545 §52 559 559 359 569
B DAVENPORT LOBISA PYREX B 436 521 526 531 532 532 332
ITA  DAVENPORT LOUISA CORDOVA 1A 528 530 529 530 531 531 531
B DAVENPORT LOUISA CORDOVA B 531 332 532 533 533 533 534
184 DAVENPORT LOUTSA OREAPOLIS 48 [BA 505 507 367 508 308 508 509

8 DAVENPORT LOUISA OREAPOLIS 48 B 529 531 SH 532 532 532 333



194
20A
21A
22h
234
244
254
264
274
284
294
304
34
324
334
344
354

36A

BAVENPORT
BAVENPORT
DAVENPORT
DAVENPORT
BAVENPORT
DAVENPORT
DAVENPGRT
DAVENPORT
DAVENPORT
DAVENPORY
DAVENPORT
DAVENPORT
DIXON-MARQUETTA
DEXON-KARQUETTA
DEXON-MARQUETTA
DIXON-BARQUETTA
DEXON-KARQUETTA
DEXON-MARQUETTA
DIXON-HARQUETTA
DIXON-HARQUETTA
DEXON-HARQUETTA
DIXON-MARQUETTA
DIXON-HARQUETTA
DIXON-HARQUETTA
DIXON-HARQUETTA
DIXON-MARQUETTA
DIXON-HARQUETTA
DIXON-HARQUETTA
BIXON-MARQUETTA
DIXON-BARQUETTA
BIXDK-MARQUETTA
BINON-MARGUETTA
BIXON-HARGUETTA
BIXON-MARQUETTA
DIXON-HARQUETTA
DIXON-MARQUETTA

COUNCIL BLUFFS
COUNCIL BLUFFS
COUNCIL BLUFFS
COUNCIL BLUFFS
COUNCIL BLUFFS
COUNCIL BLUFFS
OTTURKA
OTTURKA
OTTUKKA
GTTURKA
OTTURYA
OTTUBRA

HONE

NONE

NONE

NONE

NONE

NONE

LOUTSA

LOUTSA

LOUISA

LOU15A

LOUISA

LOUTSA

COUNCIL BLUFFS
COUNCIL BLUFFS
COUNCIL BLUFFS
COUNCIL BLUFFS
COUNCH, BLUFFS
COUNCEL BLUFFS
OTTUMKA
OTTUMRA
OTTUMEA
OTTUMRA
OTTUMHA
OTTUMEA

LENGTH COMPARISON MEASUREMENTS (INCHES X 0.001)

PYREX

PYREX
CORDOVA
CORDOVA
OREAPOLIS 48
OREAPOLIS 48
PYREX

PYREX
CORDOVA
CORDOVA
OREAPOLIS #8
OREAPOLIS §8
PYREX

PYREX
CORDOVA
CORDOVA
OREAPOLIS #8
OREAPOLIS 48
PYREX

PYREX
CORDOVA
CORDOVA
OREAPOLIS 8
OREAPOLIS 48
PYREX

PYREX
CORDOVA
CORDOYA
OREAPOLYS #8
OREAPOLIS 48
PYREX

PYREX
CORDOVA
CORDOVA
OREAPOLIS 48
OREAPOLIS 48

INITIAL
3t
537
529
500
534
535
535
557
b4}
542
527
503
501
£92
524
510
499
493
520
520
534
530
521
535
547
548
535
533
550
548
484
519
519
505
51
549

14-BAY
541
568
530
502
536
537
563
587
542
543
529
585
536
526
526
512
582
495
541
548
531
532
524
531
518
580
531
535
553
531
512
548
321
506
513
551
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I-M0.
550
579
530
501
531
538
513
598
542
543
529
505
350
541
526
513
503
497
551
552
538
333
326
539
5684
568
538
536
555
§52
5i6
553
522
501
515
553

2-Ho.
557
586
33
502
539
538
560
604
542
543
530
506
553
544
527
513
503
497
553
554
538
534
527
540
587
592
539
53
556
554
518
555
522
508
516
554

3-40,
557
587
531
502
339
539
581
604
343
544
530
3t6
552
346
526
513
503
496
553
554
538
533
526
539
587
5§92
338
536
356
553
519
556
522
507
516
554

4-H0,
551
587
531
503
539
339
582
695
543
544
53t
506
554
545
528
515
5064
498
554
355
540
535
528
541
588
393
540
538
558
555
518
551
523
509
517
555

6-He,
558
588
532
504
319
540
582
605
544
545
531
507
553
545
527
5i4
504
497
554
556
539
534
528
541
589
594
538
548
557
555
520
357
523
309
5N
385
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H4-DAY  1-K0,  Z2-HO,  3-MO.  4-MO.  6-HO.
b NORTHWESTERM NONE PYREX } 0.005 6.905 0.005 0.015 0.010 0,010
Z  NORTHWESTIRN NONE CORDOVA 2 0.005 4,010 0,010 0.825 0.016 0.615
3 NORTHWESTERN NONE OREAPOLIS 48 3 0.01¢ 0,016 0.010 9.030 0.028 0.020
4 NORTHWESTERN LOUTSA PYREX 4 0.000 0.016  6.015 0.03¢ 0.025 0,045
5 NORTHBESTERN LOUTSA CORDOYA 5 0.006 0.060 0.005 0.020 0.000 O0.010
6 NORTHWESTERN LOUTSA OREAPOLIS 4B 6 0.000 0.600 0.005 0.02¢ 0.0i6 O0.0I5
T HORTHWESTERN COUNCIL BLUFFS PYREX T 0.055 0.185 8.270  0.29%0 0.285 0,295
8  NORTHHWESTERN COUNCIL BLUFFS CORDOVA B 0.000 0.005 0.016 0.010 0.010 6,010
9 NORTHWESTERN COUNCIL BLUFFS OREAPOLIS 48 9 0.019  ©.610 8.019 .82 0.010 0.015
it NORTHWESTERN OTTEREA PYREX 10 0.02¢ 0.090 0.185 ¢0.220 0.225 0.230
11 NORTHWESTERN OTTUHEA CORDOVA tH 0.085 0.005 0.010 0.015 0.085 0.015
12 NORTHRESTERN OTTHRRA OREAPOLIS #8 12 0.005 0.615 0.0015 0.025 0.015 0.015
13 DAVENPORT NONE PYREX 13 0.205 0.270 0.30¢ 0.305 0.305  0.310
14 DAVENPORT NONE CORDOVA 14 0.81¢  0.010 0.820 0.0Z5 0.825  0.030
15 DAVENPORY NONE OREAPOLIS 48 15 g.015 6,020 9.035 6,035 0,035 0.045
16 DAVENPORT LOBISA PYREX {6 0.250 0,310 8,370 0,375 0,375 0,380
1T DAVENPORT LOBISA CORDOVA 11 6.615 6.000 0.020 0,025 0.825 0.030
18 DAVENPORT LOMISA OREAPOLIS §8 1iB 0.020 0.0620 ©.930 0.030 9.830 0.040
19 DAVENPORT COUNCIL BLUFFS PYREX 19 6,365 0,405 0.475 0,480 0.480 0.499
20 DAVENPORT COUNCIL BLUFFS CORDOVA 20 g.615  0.010 ©0.920 0.020 9.825 0.035
21 DAVENPORT COUNCIL BLUFFS OREAPOLIS §8 21 0.020 0.030 ©0.04D 0.045 D.045 0,050
22 DAVENPORT OTTUNHA PYREX 22 0,290 0,395 0.460 0.465 0.475  0.475
Z3  DAVENPORT OTTUMHA CORDOVA 23 ¢.0i0 0,010 0.010 0.020 0.020 0.03D
24 DAVENPORT OTTUMHA OREAPOLIS #8 24 g.620 0.0Z0 0.030 0.030 0.035 0.040
25  DIXON-NARQUETTA HNOME PYREX 25 6,345 0.490  0.520 6.525 0.530 0.575
26 DIXON-MARQUETTA NONE CORDOVA 26 8.020 0,825 0,030 0.025 0.045 0.035
27 DIXON-HMARQUETTA NONE GREAPOLES #8 27 6.025 0.040 0.040 0.035 0.050 0.045
28 DIXON-MARQUETTA LOUESA PYREX 8 6.275 8,315 0,335 0,335 0,345 0.350
29 DIXON-MARQUETTA LOUISA CORBOVA 29 0,025 0.035 0.040 0.035 0,055 0.045
30 DIXON-MARQUETTA LOUISA OREAPOLIS §8 30 6.025 0.945 0.055 0.045 0,065 0.065
31 DIXON-MARQUETTA COUNCIL BLUFFS PYREX 3 .315 0.385 0.420 0.420 0,430 0.440
37 DIXON-HARQUETTA COUNCIL BLUFFS CORDOVA 32 0,020 5.030 0.040 0.03% 0,050 ©.050
33 DIXON-MARQUETTA COUNCIL BLUFFS OREAPOLIS 48 33 0.03¢ 0.045 0.060 0.855 0.07% 6.070
34 DIXOH-MARQUETTA OTTUNMA PYREX 34 0.285 0.33¢6 0.350 0.360 0.365% 0.370
35  DIXON-HARGUETTA OTTUMWA CORDOYA 35 0.015 6.025 0,030 0.825 0.046 0.040
36 DIXON-KARQUETTA OTTUBWA OREAPOLIS §8 36 0,026 0,040 0.050 0,050 0.060 0,060





