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PREFACE

The investigation described in this report was conducted for the

U. S. Army Engineer District, Pittsburgh, by the Concrete Technology

Division (CTD) of the Structures Laboratory (SL), U. S. Army Engineer

Waterways Experiment Station (WES). Authorization for this investiga-

" tion was given by DA Form 2544, ORPED-82-48, dated 21 April 1982.

The investigation was performed under the general supervision of

Mr. Bryant Mather, Chief, SL, and Mr. John M. Scanlon, Jr., Chief, CTD,

and under the direct supervision of Dr. Terence C. Holland, who served
as principal investigator. Mr. Steven A. Ragan prepared the concrete

.
mixtures; Mr. Dale Glass, Mr. Frank W. Dorsey, and Mr. Roger Buttner con-

Vducted the abrasion-erosion tests. Mr. John Gribar and Mr. Stuart Long

served as the points of contact at the Pittsburgh District. This report

was prepared by Dr. Holland.

The information in this report was provided to the Pittsburgh Dis-

trict as an informal letter report (WESSC letter, "Transmittal of Letter

Report," dated 10 November 1982).

Funds for publication of the report were provided from those made

available for operation of the Concrete Technology Information Analysis

Center (CTIAC). This is CTIAC Report No. 67.

Commander and Director of WES during this investigation and the

-. preparation and publication of this report was COL Tilford C. Creel, CE.

Technical Director was Mr. F. R. Brown.

7Accession For

N' on
N,)

:.

V.-



CONTENTS

Page

PREFACE. ...............................

CONVERSION FACTORS, NON-SI TO SI (METRIC) UNITS OF
1~lMEASUREMENT. ........................... 3

PART I: INTRODUCTION. ........................ 4

Purpose. ............................. 4
Scope. .............................. 4
Authority. ............................ 5

PART II: TEST METHOD, MATERIALS, AND CONCRETE MIXTURES .. ..... 6

Test Method. ........................... 6
Materials. ............................ 6
Concrete Mixtures. ......................... 9

PART III: TEST DATA AND DISCUSSION .................. 12

-"Test Data ............................. 12
Discussion............................12

PART IV: CONCLUSIONS AND RECOMMENDATIONS. ............. 17

Conclusions ............................ 17
Recommendations .......................... 18

REFERENCES.............................20

TABLES 1-25

FIGURES 1-14

*APPENDIX A: PETROGRAPHIC REPORT ON AGGREGATES USED. ........ Al

APPENDIX B: EPOXY DATA SHEET ..................... B1

APPENDIX C: EPOXY MANUFACTURERS CONTACTED ............. C1

2



CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to

SI (metric) units as follows:

Multiply By To Obtain

cubic feet 0.02831685 cubic metres

feet 0.3048 metres

fluid ounces per 38.6738 millilitres per

cubic yard cubic metre

fluid ounces per 65.1896 millilitres per
pounds (mass) kilogram

inches 25.4 millimetres

pounds (force) per 0.006894757 megapascals
square inch

pounds (mass) 0.45359237 kilograms

pounds (mass) per 16.01846 kilograms per

cubic foot cubic metre

pounds (mass) per 0.5932764 kilograms per

cubic yard cubic metre

3
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ABRASION-EROSION EVALUATION OF CONCRETE MIXTURES

FOR STILLING BASIN REPAIRS, KINZUA DAM, PENNSYLVANIA

PART I: INTRODUCTION

Purpose

1. The purpose of this investigation was to evaluate several con-

crete mixtures on the basis of resistance to abrasion-erosion damage.

The data developed are to be used to assist personnel of the Pittsburgh

District in selecting the concrete mixture to be used during the planned

repair project. Of particular interest in the investigation was a com-

parison of a limestone aggregate available near the project site with

two traprock aggregates which would have to be imported from either New

York or Virginia. Additionally, members of the District staff had ex-

pressed interest in the evaluation of a polymer portland-cement concrete

(epoxy-modified concrete).

* Scope

2. This investigation included testing six concrete mixtures cast

using the various aggregates supplied by members of the District staff.

Abrasion-erosion testing was also conducted on core samples taken from a

large chunk sample of fiber-reinforced concrete removed from the Kinzua

stilling basin. The investigation consisted of a petrographic examina-

tion of the aggregates, appropriate testing of the aggregates to deter-

mine properties necessary for concrete mixture proportioning; mixture

proportioning and specimen casting; and abrasion-erosion and compressive

strength testing. Because of the potential for application to the Kinzua

repair work, the results of some related ongoing work sponsored by Head-

quarters, U. S. Army Corps of Engineers (HQUSACE), were reviewed and in-

corporated into this report.

4
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- Authority

3. The work described by this report was authorized by DA

* Form 2544, ORPED-82-48, dated 21 April 1982, from the Pittsburgh

District.
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PART II: TEST METHOD, MATERIALS, AND CONCRETE MIXTURES

Test Method

4. Abrasion-erosion testing was conducted in accordance with

CRD-C 63-80,* "Test Method for Abrasion-Erosion Resistance of Concrete

(Underwater Method)." This test procedure involves subjecting the con-

crete specimens to abrasion-erosion caused by the wear of steel grinding

balls on the concrete surface. The steel grinding balls are propelled

by water in the test chamber. The water is in turn propelled by a sub-

merged mixer paddle. Test specimens are periodically removed from the

apparatus to determine the amount of abrasion-erosion damage. The dam-

age is quantified and reported as a percentage of original mass lost.

5. The development of the test procedure and data from a large

variety of tests of various concrete mixtures was described by Liu (1980).

Materials

6. Materials involved in this investigation were the three coarse

aggregates and one fine aggregate supplied by the Pittsburgh District.

Other materials were laboratory stock. All materials used are described

in the following paragraphs.

Fine aggregate

7. The fine aggregate, Structures Laboratory (SL) serial No.

PITT-8 S-1, was from the Buffalo Slag Co., Franklinville, New York. This

fine aggregate is classified as a glacial sand and is composed primarily

of limestone and sandstone fragments. There was some clay present in the

sample, but it was determined not to be a detrimental swelling clay.

Test results for this aggregate (grading, specific gravity, and absorp-

tion) are given in Table 1. The results of a petrographic examination

are presented in Appendix A.

All CRD-C test methods ax ,.hI ed in the Handbook for Concrete and

Cement (U. S. Army Engineer --oterways Eperiment Station (WES) 1949).

9 6
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8. This fine aggregate meets the grading requirements of ASTM C 33,

"Standard Specification for Concrete Aggregates" (CRD-C 133-81a), as well

as both alternates for concrete sand of the guide specification for con-

crete (Office of the Chief of Engineers 1978).

9. Review of TM 6-370 "Test Data - Concrete Aggregates in the

Continental United States," (U. S. Army Engineer Waterways Experiment

Station 1953), showed that this fine aggregate (No. 42-78-3) was last

. tested in 1973. The material properties of the aggregate have not

changed significantly since that time.

Coarse aggregates

10. The first coarse aggregate, SL serial No. PITT-8 G-1, was a

limestone from the Neidigh Brothers Quarry, Boalsburg, Pennsylvania.

*The petrographic examination (Appendix A) classified this aggregate as

a dolomitic limestone that is potentially reactive when used with a high-

alkali cement. Materials test data for this aggregate are presented in

Table 2.

a. This coarse aggregate does not meet the grading specifica-
tion of ASTM C 33 (CRD-C 133) for a 1-1/2 in.* to No. 4
(size No. 467). The material does meet the specification

" for 1 in. to No. 4 (size No. 57).

b. Review of TM 6-370 showed that this coarse aggregate
(No. 40-77-5) was last tested in 1962. The material prop-
erties have not changed significantly since that time.

11. The second coarse aggregate, SL serial No. PITT-8 G-2, was a

diabase from the New York Traprock Co., West Nyack, Now York. The petro-

graphic examination (Appendix A) classified this aggregate as a gabbro.

Materials test data for this aggregate are presented in Table 2.

a. This coarse aggregate did not meet the ASTM C 33 (CRD-C 133)
specifications for either size No. 467 or size No. 57. The
aggregate was crushed several times using a laboratory
crusher to develop the "as processed" grading shown in
Table 2. This aggregate, as received, was extremely dirty
and had to be washed after final crushing and prior to
use. The aggregate, as used, did meet the requirements
for size No. 57.

* A table of factors for converting non-SI urits of measurement to
SI (metric) units is presented on page 3.

7



b. Review of TM 6-370 showed that this crushed aggregate
(No. 41-74-2) was last tested in 1966. The material prop-
erties have not changed significantly since that time.

12. The third coarse aggregate, SL serial No. PITT-8 G-3, was a

diabase from the Luck Quarry, Leesburg, Virginia. The petrographic

examination (Appendix A) also classified this aggregate as a gabbro.

Materials test data for this aggregate are presented in Table 2.

a. This coarse aggregate did not meet the ASTM C 33 (CRD-C 133)
specification requirements for a size No. 467. It did
meet the requirements for size No. 57.

b. Review of TM 6-370 showed that this coarse aggregate had

not been previously evaluated for use by the Corps of
Engineers.

Cement

13. The cement used, SL serial No. RC-888, was purchased from the

Marquette Cement Co., Brandon, Mississippi. The cement meets the re-

quirements of ASTM C 150 (CRD-C 201) for a Type I cement. The physical

and chemical test results for the cement are presented in Table 3.

Admixtures

14. The silica fume used, SL serial No. AD-536(4), was from the

Reynolds Metals Company, Richmond, Virginia. Test data for this mate-

rial are presented in Table 4.

15. The air-entraining admixture used was Hunts Air-In, from labo-

ratory stock. It is a neutralized vinsol resin produced by Hunts Process

*. Corporation - Southern, Ridgeland, Mississippi.

16. The water-reducing admixture used was Hunts HPS-R, from labo-

ratory stock. It is a lignosulphonate produced by Hunts Process Corpora-

tion - Southern, Ridgeland, Mississippi.

17. The high-range water-reducing admixture was Dowell D-65, from

laboratory stock. It is a sulphonated napthalene formaldehyde condensate

produced by Dowell, Tulsa, Oklahoma.

18. The antifoaming admixture was Dowell D-47, a laboratory stock

item produced by Dowell, Tulsa, Oklahoma.

19. The two-component liquid epoxy resin system, Sikadur 362, was

produced by the Sika Corporation, Lyndhurst, New Jersey. It is described

8



by the manufacturer as an epoxy modifier for concrete and mortar. The

manufacturer's data sheet for this product is presented as Appendix B.

Concrete sample

20. A large chunk sample (3 by 3 by 1 ft) of fiber-reinforced

concrete which had been removed from the Kinzua stilling basin was shipped

to WES for examination. Three 11-3/4-in.-diameter cores were removed

from this sample. The cores were sawed perpendicularly to the direction

of coring to provide specimens suitable for use in the abrasion-erosion

test. Figure 1 shows the surface of the chunk sample after the cores

were drilled. Figure 2 shows one of the original surfaces of the sample

which was sawed from one of the cores.

21. The overall appearance of the surface of the concrete sample

indicated it had been subjected to abrasion-erosion wear. Examination

of the cut surfaces (cut either by coring or sawing) showed a reasonably

good distribution of fibers. There were several areas in which small

fiber balls were observed.

22. Attempts were made to take smaller diameter cores (3 in.) for

compressive strength testing. Because of seams in the material, no usable

cores were obtained.

23. The specimens obtained from the chunk sample were stored in

a water tank for a minimum of 28 days prior to beginning the actual

rbrasion-erosion testing.
-

Concrete Mixtures

24. Six concrete mixtures were proportioned specifically to be

tested for this investigation. These mixtures were based upon a refer-

ence mixture used in previous abrasion-erosion testing. A brief descrip-

tion of these six mixtures, along with the table in which detailed mix-

ture proportions may be found, follows:
..

a. Mixture Kinzua GI (Table 5): Pennsylvania limestone
coarse aggregate.

b. Mixture Kinzua G2 (Table 6): New York gabbro coarse
aggregate.

3 I9
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c. Mixture Kinzua G3 (Table 7): Virginia gabbro coarse
aggregate.

d. Mixture Kinzua Gl(SF) (Table 8): Mixture Kinzua GI with
a 15 percent (by weight) replacement of cement by silica
fume.

e. Mixture Kinzua G3(SF) (Table 9): Mixture Kinzua G3 with
a 15 percent (by weight) replacement of cement by silica
fume.

f. Mixture Kinzua Gl(Epoxy) (Table 10): Mixture Kinzua Gi
modified to include an epoxy at an epoxy to cement ratio
(by weight) of approximately 0.20.

25. Earlier abrasion-erosion work done by Liu (1980) showed that

polymer portland-cement concrete (PPCC) (epoxy-modified concrete) was a

good performer, even when used with a relatively soft aggregate. Based

on Liu's results and the interest generated in the District by an item

in Engineering News-Record (see para 42), Mixture Gl(Epoxy) was developed.

26. Mixture GI(Epoxy) was proportioned using the same parameters

used by Liu: a water to cement ratio (by weight) of 0.30 and a polymer

to cement ratio (by weight) of 0.20. The cement content of the concrete

was increased slightly over that of the other Kinzua mixtures (534.4 to

564 lb/yd 3) to bring it up to an even number of bags (94 lb each). This

was done to allow a whole number of epoxy units to be used in the mixture

(most manufacturers specify a dosage rate of x units per bag of cement).

The epoxy selected, Sikadur 362, was available in the laboratory and was

similar to that used by Liu. At the recommended dosage rate of 2 gal/bag

of cement, the calculated polymer to cement ratio was 0.19. It was also

felt that if a PPCC were selected to be used in the field, dosage using

a whole number of units of epoxy per cubic yard of concrete would be

much easier to control.

27. The concrete manufactured with a water to cement ratio of

0.30 showed no cohesion and was unsuitable for use. Additional water

was added to obtain a workable concrete. The addition of this water

changed the yield of the batch and reduced the cement content per cubic

yard below that of an even six bags. In the interest of economy, addi-

tional trial batches were not made. Such batches would be required to

10



develop the final mixture proportions if the PPCC were to be selected

for project use. The as-manufactured mixture proportions are presented

in Table 10A.

28. The silica-fume mixtures using the Kinzua investigation aggre-

gates were developed because of the high resistance to abrasion-erosion

seen in the proprietary and nonproprietary silica-fume concretes tested

under the HQUSACE-funded abrasion-erosion study. The two mixtures (G1(SF)

and G3(SF)) were first attempts that were intended to show whether addi-

tion of silica fume would be beneficial. These mixtures were developed

by replacing 15 percent (by weight) of the cement with silica fume. The

same water-reducing admixture was used in the silica-fume concretes as

was used in the other Kinzua mixtures. The water-cement ratio was in-

creased to obtain a workable concrete with a slump of approximately 2 in.

These mixtures were not intended to be viewed as recommended proportions

for repair since they were simply experimental in nature.

29. In addition to the mixtures proportioned using the Kinzua in-

vestigation aggregates, several other mixtures are cited in the data and

discussion part of this report. These mixtures and the table in which

exact propor.ions may be found (if available) are:

a. Chert reference concrete (Table 11): This is the current
standard which is used for comparison purposes for

abrasion-erosion testing.

b. Densit concrete. This is a proprietary concrete product

containing silica fume, high-range water-reducing admix-

.4 tures, and calcined bauxite aggregates. The samples were
prepared by the manufacturer and no mixture details are
available.

c. Mixture SF1 (Table 12): This is a nonproprietary silica-

fume concrete containing natural silica sand and 3/4-in.
crushed granite coarse aggregate.

d. Mixture SF2 (Table 13): This is a nonproprietary silica-
fume concrete containing manufactured granite sand and
1/2-in. crushed granite coarse aggregate.

30. Because it is not considered essential for this report, data

on all of the materials used in the mixtures not containing Kinzua aggre-

gates have not been included.

"i?" 11
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PART III: TEST DATA AND DISCUSSION

Test Data

31. The materials properties for the fresh and hardened concretes

are presented in Table 14. Data presented for each concrete include

water:cementitious materials ratio, slump, air content, compressive

strength, modulus of elasticity, and Poisson's ratio.

32. Abrasion-erosion test data and photographs of the specimens

after testing are presented as follows:

Abrasion-Erosion

Mixture Test Data Photograph

Kinzua Gl Table 15 Figure 3

Kinzua G2 Table 16 Figure 4

Kinzua G3 Table 17 Figure 5

Kinzua GI(SF) Table 18 Figure 6

Kinzua G3(SF) Table 19 Figure 7

Kinzua Gl(Epoxy) Table 20 Figure 8

Kinzua Cores Table 21 Figure 9

Chert Reference Table 22 Figure 10

Densit Table 23 Figure 11

Silica Fume 1 Table 24 Figure 12

Silica Fume 2 Table 25 Figure 13

33. The abrasion-erosion test data are plotted in Figure 14.

Discussion

Abrasion-erosion test results

340. The initial review of the performance of the three basic mix-

tures, Kinzua Gl, G2, G3, raised a question, particularly in view of the

results presented by Liu. That question concerns the performance of the

two traprocks (diabases/gabbros) in comparison to the limestone. Based

12
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upon Liu's results, the traprock samples would have been expected to

perform significantly better than the limestone sample. Based upon the

information plotted in Figure 14, it can be seen that there was very

little difference in the performance of the concretes containing these

three aggregates.

35. The answer to this apparent anomaly lies in the difficulty of

attempting to prejudge the performance of a particular aggregate based

upon a rock name. The resistance of an aggregate to abrasion-erosion

damage is apparently closely related to the hardness of the aggregate.

However, it is impossible to assign a correct value for hardness based

upon a name such as traprock or limestone. Aggregates described using

either term may exhibit a range of values for hardness (or any other

property) based upon chemical composition, grain size, and degree of

weathering.

36. The three Kinzua investigation aggregates, along with the WES

laboratory stock limestone (used by Liu), the chert used in the reference

mixture, and the Iron Mountain traprock used by Liu, were tested to de-

termine relative hardness. Testing was accomplished by sawing a repre-

sentative aggregate particle, polishing the surface, and scratching with

a steel needle. The rankings, from hardest to softest, were: Iron

Mountain traprock, chert, Kinzua G3, Kinzua G2, laboratory stock lime-

stone, and Kinzua G1. The differences among the last four aggregates

were not very great nor was the difference between the top two aggregates

very great. There was, however, a significant increase in hardness be-

tween the bottom four and the top two.

37. Based upon the relative hardness of the aggregates, the per-

formance of the three primary concretes appears reasonable. The slightly

higher loss for Mixture G2 over Mixture GI, even though aggregate G2

tested harder than Gi, may be attributable to the very large grain size

of the G2 aggregate.

38. To comment further on the performance of Mixture G1, consider

the following data taken from Liu's report for concrete containing the

laboratory stock limestone aggregate:

13
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b;: f" psi
Mixture f p Loss, %

TI 3470 9.1

T2 6870 6.1

If a straight-line interpolation is made using the compressive strength

of the Kinzua GI concrete, 5710 psi, a loss of 7.1 percent is predicted.

This prediction agrees very well with the measured value of 6.9 percent.

Since the relative hardness of the aggregates is very similar, the test

results appear to be reasonable.

39. The two concretes containing the Kinzua investigation aggre-

gates and silica fume, Mixtures GI(SF) and G3(SF), show losses of only

72 and 70 percent, respectively, as great as the same mixtures without

the silica fume. When compared to the concretes intentionally propor-

tioned for high strength, Mixtures SF1, SF2, and Densit, the performance

of the mixtures containing the Kinzua investigation aggregates and silica

fume appears to be reasonable.

40. The performance of Mixture G1(Epoxy) is somewhat surprising.

This concrete (Table 10A) is very similar to Mixture G1 (Table 5) with

the exception of the addition of the epoxy. The compressive strength of

Mixture Gl(Epoxy) was approximately 1340 psi less than that of Mixture Gi.

The abrasion loss was much less than would have been expected for a con-

crete with a compressive strength 4370 psi, but the loss was higher than

anticipated based on Liu's work with a similar mixture. Apparently, the

epoxy coated the coarse aggregate particles and increased their resis-

tance to abrasion, but it did not add to the compressive strength of the

concrete. Why this occurred is not clear. This finding is not in keep-

ing with the results reported by Liu or by Nawy and Sauer (para 42).

41. The performance of the specimens made from the fiber-

reinforced concrete taken from the stilling basin was in keeping with

other data on the abrasion-erosion resistance of fiber-reinforced

concrete reported by Liu and with additional testing accomplished since

*,. publication of Liu's report.

14
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* Polymer portland-cement concrete

42. Essentially from the beginning of this test program, the Dis-

* trict representatives had expressed an interest in the possible use of

a PPCC as the repair material. This interest was apparently based, in

* part, on a news item that appeared in the Engineering News-Record (ENR)

(1980). This short article described work done on PPCC at Rutgers Uni-

versity by Professors Edward G. Nawy and John A. Sauer. The article men-

* tioned the properties of the PPCC, and it also stated that, "The product

costs about $12 to $15 more per cu yd than standard concrete."

43. Liu had tested a PPCC in the first phase of abrasion-erosion

testing. The material had performed very well. Based upon that per-

formance and the low cost figure cited in the ENR article, the District

requested that a similar material be included in the test program.

44. Professors Nawy and Sauer were contacted in regard to the ENR

* article. They furnished two reports (Nawy et al. 1978 and Sauer et al.

1975) describing their work. During discussions, both stated that they

did not furnish the cost figures to EZNR. In fact, they had received

their epoxy products at no cost from the manufacturer.

45. To develop a basis for comparison, 11 epoxy manufacturers

were contacted to determine which ones manufactured a product suitable

for use in PPCC (Appendix C). Of the 11, 4 had such a product. The

approximate list price for the epoxy needed for a 6-bag concrete mix-

* ture at the manufacturer's recommended dosage rate (all were close to a

polymer to cement ratio of 0.20) ranged from $342 to $639. While some

savings could be anticipated on a large volume purchase, the cost per

cubic yard of concrete would still be very high.

46. In addition to the high cost of the epoxy product itself,

there are other factors which could be expected to affect the cost of

- the concrete. These would include the short pot life of the epoxy and

concrete, the more complicated batching sequence, the possible health

hazards to the work crews, and any premium which a contractor might

charge.

* 15



Edge treatment

47. The proposed plan of repair for Kinzua calls for removal of

fiber-reinforced concrete and replacement with a more abrasion-erosion

resistant material only in the slabs most severely damaged. There are

no plans at the current time to replace the slabs adjacent to the train-

ing walls on either side of the stilling basin. The slabs which will

not be removed may show some loss of concrete, particularly adjacent to

* the slabs which will be removed. To preclude having a discontinuity in

the surface of the stilling basin, the District plans to use a filler

material which can be placed at the surface elevation of the replacement

concrete and then feathered out to meet the surface of the slabs not re-

moved. The District specifically requested assistance in selecting an

epoxy mortar or similar product to be used in those areas.

48. The Corps has used a variety of epoxy mortars in stilling

basin repairs (McDonald 1980). In general, these mortars have not per-

formed well. A better approach than using an epoxy mortar would be to

use the same material selected for the replacement sections for the

tapered sections. Rather than attempting to feather the material, those

slabs not being removed totally should have enough fiber-reinforced con-

crete removed to allow replacement with the main repair material to a

minimum depth of.4 to 6 in.

Reinforcing mat

49. During a review meeting held on 22 September 1982, the ques-

tion of using a reinforcing mat in the replacement material was discussed.

The District would like to avoid use of a mat since the reinforcing steel

could serve as an additional abrasion-erosion causing agent if future

damage were to expose and free the steel. Portions of dowels used to

anchor the fiber-reinforced concrete have been found in the stilling

* basin. The appearance of these dowels indicates that they may have

been causing damage to the concrete in place.

50. From an abrasion resistance point of view, the presence or

absence of a reinforcing mat is not a significant factor. There may be

advantages to having a mat to help anchor the replacement overlay. How-

ever, adequate anchorage can also be achieved through the use of suffi-

cient dowels.

16



PART IV: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

51. The poor performance of the fiber-reinforced concrete in the

Kinzua stilling basin has also been seen in the abrasion-erosion test.

The good correlation between the results from the field and the results

obtained in the laboratory helps to establish the credibility of the test

procedure.

52. There does not appear to be a significant difference between

the abrasion-erosion resistance of the limestone and the two traprocks.

*There appears to be no advantage to importing either of the two trap-

*rocks to the project site for use in the replacement concrete.

53. The abrasion-erosion resistance of the concretes proportioned

for high strength using silica fume and a high-range water-reducing ad-

mixture was excellent. These concretes performed similarly to polymer

concretes (PC), polymer-impregnated concretes (PIC), and polymer portland-

cement concretes (PPCC). The silica-fume concretes are significantly

easier to manufacture than PC, PIC, or PPCC, and they should be signi-

ficantly less expensive to produce and place. Addition of silica fume

to the two mixtures containing the Kinzua investigation aggregates im-

proved the abrasion-erosion resistance of the concretes. It appears

possible, through the use of silica fume and appropriate admixtures, to

develop a concrete using the locally available limestone aggregate (Gi)

which will have a resistance to abrasion-erosion at least as good as

that of the chert reference concrete.

54. The use of a silica-fume concrete will require careful control

and inspection. The batc% plant will have to be capable of handling the

silica fume in whatever form it is made available by the producer (slurry

or dry). To achieve the full potential benefits of the silica fume, it

* will be necessary also to use a high-range water-reducing admixture

* (HRWRA). The use of a HRWRA will raise the problems normally associated

with these products, particularly slump loss versus travel time from the

batch plant. overall, it must be recognized that a silica-fume concrete

17



is a sophisticated material that will require greater than normal care

and inspection. Unless the District is willing to commit the necessary

resources to insure that the concrete is properly manufactured and placed,

it would be better to select a more conventional concrete for the repair

material.

55. Anchorage design should be based upon anticipated uplift

forces which would be expected on the stilling basin overlay. Dowels
should be sized and spaced based upon loss of all bond between the re-

placement and underlying materials. Since a relatively thin overlay is
anticipated (12 in.), the dowels will probably need to be hooked to

achieve the full development length of ACI 318 (American Concrete Insti-

tute 1977).

56. Because of the unexpected nature of the results obtained from

the PPCC, the results of this one test may not be representative of the

material. If this material were a serious contender for selection as

the repair material, additional testing would be necessary to confirm

the present results or to determine the cause of the anomaly. However,

since use of a PPCC has been essentially decided against because of its

high cost per cubic yard, additional testing does not seem justified.

The use of either a PC, which would contain no portland cement, or a

PIC would also be prohibitively expensive based upon anticipated material

and labor costs.

X Recommendations

57. There are three options which currently appear to be avail-

able to the District.

a. Use a better quality aggregate with an abrasion-
erosion resistance similar to that of the reference chert
or the Iron Mountain traprock. Use of such an aggregate
would permit use of essentially a conventional concrete
mixture. Minimum testing would be required to develop
final concrete mixture proportions.

b. Use the local limestone aggregate in conjunction with
silica fume and high-range water-reducing admixtures to
develop a high-strength (approximately 15,000-psi)

18
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* concrete with abrasion-erosion resistance at least as
good as the chert reference concrete. This approach
would involve additional laboratory testing to develop
the concrete mixture proportions. This option would re-
sult in field placements requiring a high level of con-
trol and inspection.

c. Use a better aggregate to develop a silica-fume concrete.
This approach would involve approximately the same degree
of testing as item b and would present the same require-
ment for control and inspection during the field
placements.

58. Selection of one of the above options will lead to a concrete

with a resistance to abrasion-erosion much better than that of the fiber-

reinforced concrete. Selection of either option b or c could lead to a

concrete with an abrasion resistance comparable to that of PC, PIC, or
".4

PPCC, at a much lower cost.

;J

.'.
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Table 1. Fine Ag re ate Data.
STATE:N INDEX NO.: AGGREGATE TESTED B3Y jqF
LAT. LONG. DATA SHEET DATE 19 May 1982
LAS SYMBOL NO.. PITT-8 S-1 TYPE OF MATERIAL Fine Aggregate
LOCATION; Franklin, NY

PRODUCER: Buffalo Slag Co.

SAMPLED BY: Pittsburgh District Personnel
TESTED FOR: Kinzua Dam
USED AT:

PROCESSING BEFORE TESTING: None
GEOLOGICAL FORMATION AND AGE:

GRADING ICR0-C 1031 ICUM. % PASSING): TEST RESULTS
I 113-6" 1 FINE~ GO

SIEVE 34" If'3 1,1 4-1 ' FNE _________________________
AGG.

BULK SP OR. S.S.D. (CR0-C 107, 1GB1 2.63..
6 IN. ABSORPTION, % (CR0-C 107. 108): 1.6
SIN ____ ORGANIC IMPURITIES. FIG. NO. (CR0-C 121)

4 IN. SOFT PARTICLES. '% (CR0-C 130) ___

* ~3 IN. % LIGHTER THAN SP GR....... (CR0-C t22)

27 IN. %' FLAT AND ELONGATED (CR0-C 119. 120) ___

2 IN. WT AV % LOSS. S CYC M.SO. (CR0 -15

j IN. L.A. ABRASION LOSS, % (CR0-C 117, 145) GRADING-......

I IN. UNIT WT. LB/CU FT (CR0-C 106):

IN, FRIABLE PARTICLES. % (CR0-C 142)

IN. SPEC HEAT, BTU/LB/DEG F. (CR0-C 124)

IIN. REACTIVITY WITH NOONS.B/L

NO. 4 - 100 ICR0-C 128): R.ML

NO. a 93
NO. 16 71 MORTAR-MAKING PROPERTIES (CR0-C 116)

NO. 30 1471 TYPE _ CEMENT. RAT IOZ........ DAYS. - % - DAYS, - %

NO. 50 1 - 201 LINEAR THERMAL EXPANSION,MILLIONTHSIOEG F. (CR0-C 125. 1261.

NO O RC YEPARALLEL ACROSS ON. AVERAG

N2 0 2 20 2
..200(UI - 0

PF.M.1b) 2.62

-. 0I) CR0-C 105 (bI CR0-C (04 MORTAR:

MORTAR-BAR EXPANSION AT 1OOF, % (CR0-C 1231: FIN AGRGT ORS GRGT

I2 MO. 6 MO. I9 MO. (2 MO. 3 MO. 6 MO. 9 MO. 12 MO.
LO.AL. CEEN:__N20EQIVLET

LOR-ALK. CEMENT: % N020 EQUIVALENT:

SOUNDNESS IN CONCRETE (CR0-C 40. 114): F&T NW-CD HO-CR

FINE AGO. COARSE AGO: DFIE3 0  ____ __

FINE AGO. COARSE AGO: DFE 3 00 ____ ____ ___

PETROGRAPHIC DATA (CR0-C 127):

REMARKS:

66 60tillR



Table 2. Coarse Aggregates Data.

Percent Passing

G G2 G2 G3
Sieve Size CRD-C 133 As Received As Received As Processed As Received

1-1/2 in. 100 100 100 100 100

1 in. 95-100 98 67 98 100

1/2 in. 25-60 31 3 29 32

No. 4 0-10 2 2 2 1

GI G2 G3

Specific
Gravity 2.71 2.93 2.99

CRD-C 107

Absorption 0.39 0.75 0.48

CRD-C 107

G1: Limestone, PA

* G2: Diabase, NY

G3: Diabase, VA

2 P.



Table 3. Cement Test Data.

*TO: FROM: CORPS OF ENGINEERS
Srttures Laboratory StutrsLaboratory

Rcsearch Group REPORT OF TESTS OF Waterways Exp Station
ATTN: Terry Holland PORTLAND CEMENT ATTN: Cern & Pozz Group

%' RC-888 P. 0. Box 631
___________________ ___________________Vicksburg, MS 39180

*TEST RF EGRT NO. WES-188 -82 1I -- No. CWT nErirsENTEO: DA.TE ; 25 May 82
5RACiFI.*AT-ON ASTM C 150, Tv e I DATE SAMPLED; 13 May 82
COMPANY: Marquette Cement LOCATION Brandon. MS GRAND:

THis CEMENT DOES X MEET SPECIFICATION REQUIREMENTS

'SAMPLE NO. 1 ____ ____ ____

* ~ so % 22.0_______

23* ~~~3.7 _______

F.,0 3 . 2.9 _ _ _ ___

mo. %3.4____ __ _ _ ___

SV%2.6__ _ __ _ ___ _

LOSS ON IGN.ITION. 1.0_____ __ __ ________

* ~~ALKALIES- TOTAL AS N*0 % 0.50 ____ ________

M.'O.0.07
K1.%0.66_______

INSOLUBLE RESIOLE. 0. 16
.OIS63.2 ___ __

CIS. % 54 ___

I S 22 ____ ____ ____

C 3 A +CSS,~ 59 ______________

C4 AF. IS 9 ____

C4 AF + S CA. -4 19 ___ ___

HEAT OF H4YORATION. 70. CAL/G

41 H~EAT OF HYDRATC-. 211D. CAL/G

* SURFACE AREA. $O CM/G (A.P.)

AIR CONTENT.

COMP. STRENGTH- 3 0. Psi 3310 ____

CO"P. STRENGTH- 7 0. Psi 4015 ___ ____

COMP. STRENGT H. 28 0. PSI 55
FALSE SET- PEN. F. 1.%

SAMPLE NO. 1 ____ ________

AUTOCLAVE EXP.. .0.04____ 
___

INITIAL SIET. HR!SMI- :5____ ________

FINAL SET. HM,1.0 5:30 ____ ____ ____ ____

SAMPLE NO.

* AUTOCLAVE EXP.. %

INITIAL SET. HR.'W.N

S FINAL SET, I4RlMi.

REMARKS: Job Number 441-S778.12SC41

CC: McDonald

THE INFORMATION GIVEN IN THIS REPORT SMALL NOT BE USE: IN ADVERTISING OAfi.-qOMOTDN TO INDICATE EITHER EXPLICITLY
OR IPLICITL.Y INZ CkEMENT OF THIS PRODUCT BY THE U. S GCV.E4.wN,'



Table 4. Silica-Fume Data.

Structures Laboratory Rport No: WES-21S-82

USAE W aterways Exp St REPORT OF TESTS Admixture No:
ATTN: Cem & Pozz Unit RE POZ'OLAN AD 536(4)
-1 " . Box 631 Date:
v. .sburg, MS 39180 24 June 82

POZZOLAN CLASS: DESCRPIION: silica Fume

CO4PANY: Reynolds Metals Co LOCATION: Richmond, VA (See(1)below)

MEMo NO: . JDATE: IJOB NO: 441-S866.12SC51

ME,0 SUBJECT:

CIIEMICAL COMPOSITION

Si02 % 95.80 MLoisture Content % 0.30 CrqOj %
AI703 z 1.11 LOI, % (7500C) 1.27 Chloride Z

Fe..03  z 0.11 LOI, 7 (1000*C)
Mo Z 0.06 TiO. ""

SA 0.11 70i ~___ _______SO .. .... . n...O...
CaO . M3201

Alkalies Water Soluble Available (C-6181  Acid Soluble Total Alkali
NaO 2
K, 10 z .

,Total as Ha20 %

PHYSICAL TESTS

I Specific Gravity: 2.21 Fineness, 14 % retained on 325 Sieve

Surface Area: 21000 sqcm/cc, porosity e- 0.720 (see(2)below)

" Tests with oortland cement cured @ 73.4 ± 39 F

Portland Cement Co. : Medusa
tion:Clinchfield, GA

Cement No & Type, SAS-423-821 II,_ LA;, H_
Autoclave Expansion, 20% Replacement. X 0.00

% Vealaep ent of Cement by Volume 0 30 60 0 735 ,

Heat of Hydration, 7 days, Cal/gm Control - Control
Heat of Hydration, 28 days, Cal/gm 1 _1

Compressive Strength, 7 dayspsi (Lime-Po zolan AS M C-3111) 1840

I Compressive Strength,28 days,psi (cured @ il00uF) _ _ 5340 6350 118

Comoressive Strength, days ,Dsi Water Rei uirement. of C trol: 123 '

Comnressive Strength. 90 davsosi-
Compressive Strength, 180 days,psi

Compressive Strength, 1 year,psi

Water - Cement Ratio

Flow %

(1) Reynolds Chemicals Amorphous Silica, RS-1 (6-50.lbs. bags)Sheffield, Alabama Plant.

(2) e-0.703, SA 34900 cm
2 /cc

e-0.710, SA 30400 cm
2 /cc

[S



Table5 Mitr r oria.Kn aG1

REPORT OF SELECTION
OF CONCRETE MIXTURE

PROPORTIONS
(CR0-C 3)

PROJECT NAME: ISYMBOL DATE:

*Kinzua Stilling Basin Repairs SERIAL NO.: Sep 1982
*CONCRETE RCQUIRED FOR: MIXTURE NO.;

______________________________________________ Kinzua G1
MATERIALS

PORTLAND CEMENT. SS.-192. POZZOLON OR OTHER CEMENT: AIR- ENT. ADMIXTURE:

TYPE: I ADDITIONS: TYPE: TYPE.- Hunts Air-In
9RAND ANOMILL: Marquette SOURCE: [AMOUNT' :2.3 oz/yd3

FINE AGGREGATE COARSE AGGREGATE

TYPE: Glacial Sand TYPE: Limestone SIZE: 1 in.

SOURCE: Buffalo Slag Co. SOURCE: Nei h- Bros. Quarry
FranklinvillIei. NY B al r.P

MATERIALS SAMPLE SERIAL NO. SZRAG G %) BULK( SP GR (SSD) ABSORP %

P-ORTLAND0 CEMENT RC-888 3 T

FINE AGGREGATE PITT-8 S-1 No. 4 - 200 2.31.6
* COARSE AGGREGATE (A) PITT-8 G-1 No. 4 - 1 in. 2.71_ _______ 0.4
* COARSE AGGREGATE (SI

* COARSE AGGREGATE (C)

* COARSE AGGREGATE f01

MIXTURE DATA SPECIMEN DATA

MTRASMIX. BY S. S. 0. WEIGHTS SOLID VOL CYLINDERS BEAMS

MAEIASWEIGHT ONE CU YO BATCH ONE CU YO
(LB) (CU FT) SIZE:SIE

PORTLAND CEMENT 1.0 534.4 2.7 19 NO. AGE PSI NO. AGE PS

* ~**WRA____ ________________

FINE AGGREGATE 1189.6 7.249
COARSE AGGREGATE (Al 2000.1 11.8 28 ____

COARSE AGGREGATE IB ___________________

COARSE AGGREGATE (CI

COARSE AGGREGATE (0)

WATER 238.8 1 3.854 ___

AIR 5% 1.350 ___

TOTAL __ __ 3962.9 27.000 ____

W/C IBT: 0. 45 S/A %VOLUME: 38
SLUMP IIN.1

4
: 2 THEO. UNIT WT (LB/CU FT): 154.5

BLEEDING 1512. ACTUAL UNIT WT ILB/CU FTI;

*AIR CONTENT ISO: 5. 1 TNEO. CEMENT FACT (LB/CU YDI: 534.4
AR COTENT 11: ATL NT

I Calcuated on the basis of:
2 Expressed "s the percentage of nixinag water separating from the concrete when tested by CRD-C 9.
3 1. the entire botch as mixed.
4 In thai portion of she concrete containing aggregate smaller than the 1.1/2-in. sieve.

0 For "other cement," pozzoa, second size offine aggregale, ase may be required.

REMARKS: Condition of mix. workability, plastaicity, bleeding, etc.

**WRA: Hunts HPS-R, 26.72 oz/yd 3

BU" FORMO NO3REV MAR 972



Table 6. Mixtiirs PrnPnrt-innq.. Kinzta (G9.

REPORT OF SELECTION
OF CONCRETE MIXTURE

PROPORTIONS
(CR0-C 3)

PROJECT NAME. YSYIOL .ATE:

KinzaSiln ai ear SERIAL NO.: SePJ.1R 2
CONCRETE REQUIRED FOR: MIXTURE No.:

______________________________________________ Kinzua G2
* MATERIALS

PORTLAND CE9MENT. SS.-ISS. POZZOLON OR OTHER CEMENT: AIR- ENT. ADMIXTURE:

TYPE: I ADDITIONSL Type: TYPE: Hunts Air- n
BRAND AND MILL: Marquette SOURCE: A"OUN t 2. 3 o z/yd

FINE AGGREGATE COARSE AGGREGATE

TYEGlacial Sand Type: GrabboIin

SOURCE: Buffalo Slag Co. SOURCE: NY Traprock Co.
Franklinvill . NYWetN. Y

MATERIALS SAMPLE SERIAL NO. SIZE RANGE CAGRSE'. BULK SP GR (550) ABSORP %

PORT LAND CE9MENT RC-888

FINE AGGREGATE PITT-8 S-1 No. 4 - 200 2.63 1.6
COARSE AGGREGATE fAl PITT-8 G-2 No._4 - I in, . 2.93 DoL8
COARSE AGGREGATE B0)

COARSE AGGREGATE (C)

COARSE AGGREGATE 1011___________

MIXTURE DATA SPECIMEN DATA

MTRASmix.' By S. S. 0. WEIGHTS SOLID VOL. CYLINDERS BEAMS
MAEIASWEIGH4T ONE CU YO BATCH ONE CU YO

________________ ______ LB) (CU FT) SIZE: SIZE: ____

PORTLAND CEMENT 1.00 534.4 2.719 NO. AGE PSI No. AGE PSI

**WRA ____ ____________ ___

PINE9 AGGREGATE ____ 1189.6 7.249 _____

COARSE AGGREGATEI1A) 2162.5 11.828
COARSE AGGREGATE IS)________

COARSE AGGREGATE (I) _____

COARSE AGGREGATE 1D)

WATER 238.8 3.854 ______ _____

AIR 5% 1.350 _____

TOTAL __ __ 4125.3 27.000 ___

w/C 1w, 0.45 S/A. % VOLUME: 38
SLUMP (IN.1

4
: 1-3/4 TNEO. UNIT WT (LO/CU FTI: 160.8

BILEEDING 1%)2: ACTUAL UNIT INT (LI/CU PT):

-AIR CONTENT (%)J: 5.*3 THEO.CC" EF ACT JSCU YD): 534.4
R =NT T )4; ACTUAL AS

I CaIcuaosd on the bas is of,
2 Expressed as the percentage of S4SSII water bepffaatig frm the concrete when tested by' CRD.C 9.
3 In the entire batech as nix~ed.
4 In that partion of tAe concrete containing aggregate smaller than the I1/2-in. siee.

For' 'atheI' cesreat pottadBI, socoud size offiIA. aggregate. at rnay he required.

REMA RKS: Condeiin almiz, workabilit, pl~ashicity, bleediag, etc.

**WRA: Hunts HPS-R, 26.72 oz/yd 3

ws roRm NO.
RE9V MAn 1978 5
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Table 7. Mixture Proportions, Kinzua G3.

REPORT OF SELECTION
OF CONCRETE MIXTURE

PROPORTIONS
I (CRO-C 31

PROJECT NAME. SYBLDTE

Kinzua Stilling Basin Repairs SEILN.Sep 1982
CONCRETE REQUIRED FOR. MIXTURE NO.

Kinzua G3
MATERIALS

PORTLAND CEMENT. SS-C-IBZ. POZ.ZOL.ON OR 0TIHER CEMENT AIR- ENT. ADMIXTURE

TYPE: I ADDITIONS: T. E. TYPE Hunts Air-In
@RAND AND MILL: Marquette SUC AMOUNT. 2. 2 ozlyd3

FINE AGGREGATE COARSE AGGREGATE

TYPE: Glacial Sand TYPE: Grabbo SIZE. 1 in.

SOURCE: Buffalo Slag Co. SOURCE: Luck Quarry
FranklinvilJle. NY _________. V

*.MATERIALS SAMPLE SERIAL NO. SIZE RANGE CAGRSE BULK SP GR kSSO( ABSORP

PORTLAND CEMENT RC-888 31

FINE AGGREGATE PITT-8 S-1 No. 4 -200 2.63___1.6
COARSE AGGREGATE (A) PITT-8 G-3 No. 4 -1 in. ____ 2.99 0.5
COARSE AGGREGATE (81

COARSE AGGREGATE (CI

COARSE AGGREGATE (0I______________________ ________

MIXTURE DATA SPECIMEN DATA

mix. By S. S. 0. WEIGHTS SOLID VOL CYLINDERS BEAMS
MATERIALS WEIGHT ONE CU YD BATCH OSNE CU YD

______________________ (LBI ICU FTI SIZE: IE

PORtTLAND CEMENT 1.00 534.4 2.71 NO. AGE PSI NO. AGE PSI

.**WRA_______________ ____

PINE AGGREGATE 18. .4

COARSE AGGREGATE Al)

AIR_____5___ 1.350 _____

TOTAL_ 4169.7 27.000 __ ______

W/C (TI: 045 IS/A. % VOLUMEt 38
SLUMION.4: 21/4THEO. UNIT WT ILU/CU FT): 162.6

SILEEGING 1%)2: ACTUAL UNIT UIT (LB/CU FT).

AIR CONTENT m53 i 4 .8 TRIO0. CEMECNT FACT (LB/CU TO,: 534 .4
TIR cATA MT AT)4

1 CoICB1Bud on A*. bas is of-
2 Expressed as the pecenage of mixin wate se0fFIparaigg from the concrete when, tested by CRD-C 9.
3 1.14 tie a bagtchCu mixed.
1 1. 14. portion of &he concrete conaining aggLet smller than. the 1-1/2-in. siev~e.

For' 0sA~r cement," postal=,. second size offinag grgate, as naoy be .'eqviued.

REMARKS: Consdition of mix, workability, plasticity, bleeding. etc.

**WRA: Hunts HPS-R, 26.72 oz/yd3

* was FORM NO.'

REV MAR 007255
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Table 8. Mixture Proportions, Kinzua Gl(SF).

REPORT OF SELECTION
OF CONCRETE MIXTURE

PROPORTIONS
(CRD-C 3 T

PROJECT NAME SYMBOL DATE

Kinzua Stilling Basin Repairs SERALNO. Sep 1982
CONCRETE REQUIRED FOR MIXTURE NO

Kinzua G1(SF)
MATERIALS

PORTLAND CEMENT. SS.-C-192. POZZOLON OR OTHER CEMENT AD-536 (4) AIR, ENT. ADMIXTURE

TYPE: A DDITONS: TYPE Silica Fume TYPE None
.PANDANOMiLL. Marquette SOuRCEReynolds Metals Co. AMOUNT'

Shef eild. AL
FINE AGGREGATE COARSE AGGREGATE

TYPE Glacial Sand TYPE Limestone sizE 1 in.

SOURCE: Buffalo Slag Co. SOURCE Neidigh Bros. Quarry
Franklinville. NY Boalsburs, PA

COARSE
MATERIALS SAMPLE SERIAL NO. SIZE RANGE AGGR ( BULK SP GR (SSDI ABSORP

PORTLAND CEMENT RC-888 3.15

S 5ilica, F,m ... Af)=516 ). ___!!Z -

FINE AGGREGATE PITT-8 S-I No. 4 - 200 2.63 1.6
COARSE AGGREGATE (A) PITT-8 G-1 No. 4 - 1 in._ 2.71 0.4
COARSE AGGREGATE (8)

COARSE AGGREGATE fC)

COARSE AGGREGATE (0)

MIXTURE DATA SPECIMEN DATA

MIX, BY S. S. 0. WEIGHTS SOLID VOL CYLINDERS BEAMSMATERIALS WEIGHT ONE CU YO BATCH ONE CU YO
(LB) ICU FT) SIZE: SIZE:

PORTLAND CEMENT 1.00 - ---- 454.2-- 2.311 NO. AGE PSI NO. AGE PS4

• 15% Fume by Wt - 80.2 0.579
"**WRA
PINE AGGREGATE 1186.8 7.232
COARSE AGGR.GATE (Al _ 1195.4- 11.800
COARSE AGGREGATE ()I

-COARSE AGGREGATE (C)

COARSE AGGREGATE (0)

WATER 4,538

AIR 2% Q-540_ ____s_

TOTAL 3998.1 27.000
w/(C + SF): 0.53 S/A.%,VOLUME: 38
SLUMP IN.,

4
. 2-14 THEO. UNIT UT (LB/CU FTL: 151.1

BLEEOING (%)2, ACTUAL UNIT WT (LU/CU FTI:

AIM CONTENT (,ISI 1.3 THEO. CEMENT PACT (LU/CU YOI: 534.4
AIR CONTENT 1%)4: ACTUAL CEMENT FACT (LB/CU YOl.

I Caculated on eke 60s of
2 Expressed as the percentage of mixbng water separating from the concrete when tested by CRD-C 9.
3 In the entire batch as mixed.
4 In that portion of the concrete containing aggregate smaller than the 1-1/2-in. sieve.

For "other cement." pozzalm. second site of fine aggregate, as may be required.

REMARKS: Condition of mis, workability, plasticity, bleeding, etc.

**WRA: Hunts HPS-R, 26.72 oz/yd
3

*93 FORMI "a
. , M

4 4 .R. -55
... .. ... .. ... .. ... .. ... ..



Table 9. Mixture Proportions, Kinzua G3(SF).

REPORT OF SELECTION
• OF CONCRETE MIXTURE

PROPORTIONS
(CR0-C 3)

PROJECT NAME: SYMBOL DATE

Kinzua Stilling Basin Repairs SERIAL NO.; Sep 1982
CONCRETE REQUIRED FOR: MIXTURE NO.

Kinzua G3(SF)
MATERIALS

PORTLAND CEMENT. SS.C-192. POZZOLON OR OTHER CEMENT AIR, ENT. ADMIXTURE

TYPE: I ADDITIONS: TYPE; Silica Fume TYPE None
BRAND AND MILL: Marquette SOURCE Reynolds Metals Co. AMOUNT':Shp fitl d- AT.

FINE AGGREGATE COARSE AGGREGATE

TYPE: Glacial Sand TYPE Grabbo SIZE 1 in.

SOURCE: Buffalo Slag Co. SOURCE Luck Quarry
Franklinville. NY Leesburg, VA

COARSE

MATERIALS SAMPLE SERIAL NO. SIZE RANGE AR BULK SP GR (SS) ABSORPAGGR M*. UKS R15) ASR
PORTLAND CEMENT RC-888 3.15

Silica Fume AD-536(4) ____________ 2.22

FINE AGGREGATE PITT-8 S-1 No. 4 - 200 2.63 1.6
COARSEAGGREGATEIAI PITT-8 G-3 No. 4 - 1 in. 2.99 0.5
COARSE AGGREGATE 15)

COARSE AGGREGATE ICI

COARSE AGGREGATE (0)

MIXTURE DATA SPECIMEN DATA

MIX. By S. S. D. WEIGHTS SOLID VOL CYLINDERS BEAMS
MATERIALS MEIGHT ONE CU YD BATCH ONE CU YD

(LE ) (Cu FTI SIZE: SIZE:

PORTLAND CEMENT .00 - 4- 4.2 2.311 RO. AGE PSI NO. AGE PSI

• 15% Fume by Wt 80.2 0.579
***WRA
PINE AGGREGATE 1186.8 7.232
COARSE AGGREGATE IA 2201.6 11.800
COARSEI~ AGGRqEGATE (I9)

COARI AGGREGATE IC)

COARS11E AGG2REGATEI 101

WATER 281.5 4. 538
"AIR 2% 0.540

.TOTAL 4204. 3 27.000
/ (C + SF)m 0.53 I/A I VOLUME: 38

SLUM. Cowls: 2 THEO. UNIT WT IB/CU IT): 158.9
BLEEOING (%12 ACTUAL UNIT WT (LSB/CU TIr:

AIR CONTENT (%)3. 1.3 THEO. CEMENT FACT (L@/CU YO): 534.4
TT 4:TA P

I Calculated on As basis of.
2 Espressed mA.s percentae of FiZig iwaer separting from the concrete wAom tested by CRD-C 9.
3 Is Ahe enire b ach as Rized.
4 Is "he porion of te concrete contaiing aggregate smalle, 4" h. 1.1/2-in. sieve.

For "other cemen." posols, second size of fe aggregate. a soy be reqsired.

REMARKS: Cosdition of n., .orkability, plasticity, bleeding, etc.

3**WRA: Hunts HPS-R, 26.72 oz/yd

was Prw NO.
No A.. .0. ... 55



Table 10. Mixture Proportions, Kinzua GI(Epoxy).

REPORT OF SELECTION
OF CONCRETE MIXTURE

PROPORTIONS

P R O JE C T N A M E~ 
SY M OL O3T)

Kinzua Stilling Basin Repairs SERIAL NO0. Sep 1982
CONCRETE REQUIRED FOR MXUEN

Kinzua Gl(Epoxy)
MATERIALS

POTADCEMENT,. SC-IBZ. POZZOLON OR OTMER CEMENT. Epox AIR.*:T*AMITR

TYPE: ADDITION$: TYPE: Sikadur 362 TYPE None
BRAND AND MILL: Marquette SOURCE. Sika Chemical C.AMOUNT'

FINE AGGREGATE COARSE AGGREGATE

TE Glacial Sand TYE Limestone SIZE 1 in.

SOURCE: Buffalo Slag Co. SOURCE, Neidigh Bros. Quarry
Franklinvil e. NY Boalsburg, PA _____

MATERIALS SAMPLE SERIAL NO. SIZE RANGE* CAGRSE BL S R(SO BSR

PORTLAND CEMIENT RC-888 31

Epoxy 1.0

FIEAGGREGATE PITT-8 S-1 No. 4 -200 2.63 1.6
COASEGEGTEAI P1TT-8 G-1 No . 4 -1 in. _ ___ 2.71 0.4

COARSE AGGREGATE 181

COARSE AGGREGATE 9C)

COARSE AGGREGATE ID) ___________

MIXTURE DATA SPECIMEN DATA

MATERIALS mix." By S. S. D. WEIGHTS SOL ID VOL CYLINDERS BEAMS
WEGT ONE CU YO BATCH ONE CU YD

(EGH LB) (CU FT) SIZE: SIZE

PORTLAND CEMENT -L o 564 .0 2.869 No. AGE psi No. AGE PSi

-*Epoxy ____ 109.3 1.607 __

**WRA _____ __

FINE AGGREGATE 1218.7 7.426
COARSE AGGREGATE (A) 2048.9 12.1.16 -____

COARSE AGGREGATE I1 ___________

COARSE AGGREGATE IC) ____

COARSE AGGREGATE Io)

WATER 169.2 2.712 ____

AIR 1%~ 0.270 _________

TOTAL 4110.1 27.000 1_ ____

W/C (WT): 0.30 &/A. % VOLUME: 38
$LUMPs IIN.I

4
: THlEO. UNIT WIT (LB/ CU FTI: 153.8

BLEEDING 1%)2: ACTUAL UNIT WT (LB/Cu FTI:

AIR-CONTENT (1,13: TNEO. CEMENT FACT (LB CU VOL 56

I Ca estaged on IAs basis of.-
2 E:p'.a..d so the percentage of Rixing Mater separating from As econcrete when tes ted by CR0-C 9.
3 In the entire batch as uixed.
S In 46s pIN'tiOu of t concrete contii aggregate smaller than. the 1-1/2-is. siev.

SFor- "oth er conext," possodn, second else of faa. .ggregote, as may be pe 93 wed.

REMARKS: Condiion of Win, Workability, plas ticity, blee ding, etc.

*Epoxy:Cement ratio: 0.19 or 2 gal/94 lb cement
**WRA: Hunts HPS-R, 28.3 oz/yd3

NOTE: 6.7 lb water were added to proportions shown above to obtain workable

wits FOam No.seI RE9V BAR IOt"



Table 10A. Mixture Proportions, Kinzua.

REPORT OF SELECTION
* OF CONCRETE MIXTURE

PROPORTIONS
4CRD-C 3)

PROJECT NAME: SYMBOL: DATE

Kinzua Stilling Basin Repairs SERIAL NO.: Sep 1982
CONCRETE REQUIRED FOR: MIXTURE NO.

________________________________________ Kinzua Ci (Epoxy)
MATERIALS

PORTLAND CEMENT. 55-C-ISO, POZZOLON OR OTHER CEMENT : Epoxy AIR- ENT. ADMIXTURE:

TYPE: ADDITIONS: TYPE: Sikadur 362 TYPE: None
BRAND AND MILL: Marquette SOURCE: Sika Chemical Co. AMOUNTt

FINE AGGREGATE COARSE AGGREGATE

*TI E Glacial Sand TYPE: Limestone SIZE 1-in.

souRp- Buffalo Slag Co. SOURCE: Neidi h Bros Quarry
Franklinville, NY Boals urg, PAR____
MATERIALS SAMPLE SERIAL NO. SZRAGCOSE BULK SP OR 4SSO) ABSORP

PORTLAND CEMENT RC-888 AGR1) 3.15
-Epoxy -- 1.09 _____

FINE AGGREGATE PITT-8 S-1 No. 4 - 202.63 1.6
COARSE AGGREGATE (A) PITT-8 G-1 No. 4 - 1 in. _____ 2.71 0.4
COARSE AGGREGATE B8)

COARSE AGGREGATE (C)

COARSE AGGREGATE (0)_____________

MIXTURE DATA SPECIMEN DATA

MIX. By S. S. 0. WEIGHTS SOLID VOL CYLINDERS BEAMS
MATERIALS WEIGHT ONE CU YO BATCH ONE ICU YO

_______ ILBI ICU FT) SIZE: ____ SIZE: ____

*PORTLAND CEMENT 1.00 537.2 2.733 NO. AGE PSI NO. AGE PSI

* .-*ERoxy ___ 104.6 1.538 __ __ __

***WR'A_______ __

* FINE AGGREGATE ____ 1106.2 7.069____ _____

COARSE AGGREGATE CA) ___ 1951.2 11.539 __ ________

COARSE AGGREGATE (0) _____ ________

* COARSE AGGREGATE 1D)

AIRM COTN 2 THEO. CEMEWTFC IL CU :

TLDN T112 ACTUAL ANTB L/UF

I Celcsof opt th basis of,
2 Espresscol s the percentage of mixing water separating from the concrete wshen tested by CRD-C 9.
3 Is the enBik both as mixed.
4 Is "~o pOWies of the eoete9 conining aggregate snaiier than IAe I-112-ift. sieve.

*For "other cement," posselmx, second size of fioe aggregate, as any be required.

* REMARKS: Condition of WB, workability. plasticity, blooding, etc.

*Epoxy:Cement Ratio: U.19
**WRA: Hunts HPS-R, 27.0 oz/yd3

REMAR I



Table 11. Mixture Proportions, Chert Concrete.

I RE PORT OF SELECTION
OF CONCRETE MIXTURE

IPROPORTIONS
(CR0-C 3)

PROJECT NAME; YMO DATE:

Abrasion-Erosion Round 2 F: RIA-L N. Sep 1982
CONCRETE REQUIRED Pon: MIXTURE NO.:

________________________________________________ 1-28
MATERIALS

PORTLAND CEMEINT. 111-C-SIC11. POZZOLON OR OTHER CEMENT: AIR- ENT. ADMIXTURE:

TYPE: ADDI TIONS: TYPE: TYPE, Hunts Air-In
@ADADML:Marquette SOURCE: AMOUNT': 3. 3 oz/yd3

FINE AGGREGATE COARSE AGGREGATE

TYPE: Natural Silica Sand TYPE: Natural Chert SIZE: 3/4-in.

SOURCE: Runyon Sand and Gravel souRcEFRunyon Sand and Gravel
Vicksburg. 145Vicksburg, MS_ ____ _____

MATERIALS SAMPL.E SERIAL NO. SIZE RANGE CAGRS B% ULK SP GR (SSD) AWSRP %

PORTLAND CEMENT IC85 3.15%)1

FINE AGGREGATE CL-32 S-i o 0 2.63 0.4
COARSE AGGREGATE (A) CL-32 G-1 N.4-34 M2.53 2.1
COARSE AGGREGATE (0)

COARSE AGGREGATE CC)

COREAGEAE()MIXTURE DATA SPECIMEN DATA

MITEIA. mix my . S. 0. WEIGHTS SOLID VOL CYLINDERS EM
w;T ONE CUYD BATCH4 ONE CU YD 

B

MATEIAL WEIH? LU) ICU FTIC SIZE: SIZE:______

PORTLAND CENENT 1.00 584.0 2.971 N. AGE PSCI NO. AGE Pi

FINE AGGREGATE 1151.6 7.017 ______

COARSE AGGREGATE (A) 1807. 6 11.450 _ ____

COARSE AGGREGATE (6)_________ ________

COARSE AGGREGATE (CI _____________

COARSE AGGREGATE I0)

WATER 262.8 4.212 __ ___

AI 52 1.350__ _____

TOTAL __ __ 3806.0 27.000 ___

W/C IWTC: 0.45 S/A. % VOLUME: 38
SLUMPy(N.)

4
: 3-1/ THEO. UNIT WT I(LB/CU FT): 148.4

BLEIEDING j%12: ACTUAL______UNIT______T_________________T):__

AIR CONTENT 1%): 5. 3 THEO. CEMENT PACT ILB/CU VDl: 584 .0
AIR CONTENT 1%14:

I Calculated on the basis of.-
2 Expressed " the percenaoge of mixing water separating from, the concrete when tested by CRD.C 9.
3 In the entire batch " mixed.
4 In t ortion of the ConCrelf Conaining agregate Smaller thani te -/2n.sieve.

For "otter emaent." possoloan. seconsd ese of fine aggregte, as may be required.

REMARKS: Condition of mix, workability. plasticity. bleeding, etc.

anS PORM R0.53
RIEV MAR 1#79

2. a



.jTable 12. Mixture Provoo ns Slca Fume 1.

REPORT OF SELECTION
OF CONCRETE MIXTURE

PROPORTIONS
(CR0-C 3)

PROJECT NAME: SYMBOL: DATE

High-Strength Concrete (Saucier) SERIAL NO.: Sep 1982
CONCRETE REQUIRED FOR: MIXTURE NO.

SF1
MATERIALS

PORTLAND CEMENT, W5--lIZ POZZOLON OR OTHER CEMENT: AIR- ENT. ADMIXTURE:

TYPE: ADDITION$: TYPE: Silica Fume TYPE: None
BADADML:Marquette SOURCE: Reynolds Metals Co. AMOUNT':

Shef field, AL.
FINE AGGREGATE COARSE AGGREGATE

TYPE: Natural Silica Sand TYPE, Crushed Granite SIZE, 3/4-in.

SOURCE: Runyon Sand and Gravel SOURCE: Camak Quarry
Vicksburtz. MS Thorn son., GA_____

MATERIALS SAMPLE SERIAL NO. SIZE RANGE CAGRS B ULK SP OR ISSD) ABSORP %

PORTLAND CEMENT RC-888 3.15
ISilica Ftume AD-536(4) _______ 2.22 _____

FINE AGGREGATE CL-32 S-1 No. 4 - 200 2.63 0.4
COARSE AGGREGATE (Al CL-14 C-LB ro.4- 3/4 in. _ ___ 2.68 0.7
COARSE AGGREGATE 18)

COARSE AGGREGATE (C)

COARSE AGGREGATE ID)

MIXTURE DATA SPECIMEN DATA

MTRASmix. BY S. 5. D. WEIGHTS SOLID VOL CYLINDERS REAMS
MATRILSWEIGHT ONE CU .YD BATCH ONE CU YD

_______________( LB) (CU FTI SIZE: SIZE:

PPORTLAND CEMENT 1.00 799.0 4.065 NO. AGE PSI No. AGE PSI

-Silica Fume ____ 141.0 1.018 ____

'**Amixtures _____________

FINE AGGREGATE 1 1396.0 8.507 __ ______

COARSE AGGREGAE9 (Al 1738.7 10.397 ____ ___

0.000 188.0_3_013

TOTAL 1 4262.7 27.000 _____

-LC +SF) : 0.20S/A VOLUME: 45
SLUMP(JN.4: 0TNEO. UNIT INT (LU/CU FT): 157 .9

BLEEDING (%)2: ACTUAL UNIT WT (LU/CU FYT:

AIX CONTENT (%13: THEO. CEMENT PACT JLGICU YOI: 94.
MRCNET (%1: ACTUAL CMEN FACT O:

I Calcuatoed On ahe basis of.
2 Expressed at the percentage Of m*iing water separating from 8he concrete when tested by CRD-C 9.
3 In she entire batch as mixed.
4 In shat porsIOi, Of &h# COrNCrefe eons4iiNlg aggregate Saller than the 1-l/2.in, sieve.

*For 'oAter cement," possolem, second size of fine aggregate, as may be required.

REMARKS: Condition of mil, weorkability, plasticity, bleeding, etc.

**Admxtures:
HRWR: Dowell D-65, 4% by wt of cementitious materials
Defoamer: Dowell D-47, 0.1% by wt of water

was FOR No.
RUV MAR 132751



Tali 1- Mixtr - - D.- . ;lr Fil 2.

REPORT OF SELECTION
OF CONCRETE MIXTURE

PROPORTIONS
(CR0-C 31

PROJECT NAME: YBL GATE

High-Strength Concrete (Saucier) SRAN. Sep 1982
CONCRETE REQUIRED FOR: mixTURE NO.:

SF2
MATERIALS

PORTLAND CEMENT. SS.C-I92. POZZOLON OR OTHER CEMENT: Al AIllNT AOMIXTURE

TYPE: I ADDITIONS: TYPE: Silica Fume jTYPE: None
OADADMILL: Marquette SOURCE: Reynold Metals Co. AMuOUNTr

Sheffield, AliI_________
FINE AGGREGATE COARSE AGGREGATE

TYECrushed Granite Sand TYPE, Crushed Granite 1/2-in.

SOURCE: Crushed from coarse aggregate SOURCE: Camnak Quarry
________________Tho uo.GA_____

MATERIALS SAMPLE SERIAL NO. SIZE RANGE AGR B ULK SP GR ISSO) ABSORP %

PORTLAND CEMENT RC-888 3.15______

-Silica Fume AD-536(4) 2.22_____

PINE AGGREGATE CL-14 MS-i No. 4 - 2000.
COARSE AGGREGATE (A) CL-14 G-1B No. 4 - 1/2 in. 2.68_0.7
COARSE AGGREGATE 101

COARSE AGGREGATE IC)

COARSE AGGREGATE (D) ___________ ____________ _____ ________

MIXTURE DATA SPECIMEN DATA

MAEIASIX. By S. S. 0. WEIGHTS SOLID VOL CYLINDERS BEAMS
MATERIAS WEIGT ONE CU YD BATCH ONECUY

_____ICUFT)_ SIZE: SIZE: ____

POTLN CEMEN 'o.00 799en.0 4.06 NoOan Aecon PSIe of. AGE. PSIgg. Smyb r

-Sila R CFuiis fmx 141.0ilgy 1.0i18 bedig ec

-**Admixtures:
-'~ IN AGREGATE 1o3e.l 8.41%2yW o eeniiusmtril

DOREfomr DoGReGAT (Al 015. by0.4f9w2e

CE ORSE AGRO. E

CRSE AGGEGT (C)

CORS AGGREGATE-(0
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Table 15. Abrasion-Erosion Test Data.

Concrete mixture: Kinzua G-I

SPECIMEN

elapsed A B C average
test time wt, percent wt, percent wt, percent percent
hours lb loss lb loss lb loss loss

0 38.30 0.0 38.50 0.0 38.70 0.0 0.0

12 37.80 1.3 38.10 1.0 38.20 1.3 1.2

24 37.30 2.6 37.50 2.6 37.85 2.2 2.5

36 36.80 3.9 37.10 3.6 37.50 3.1 3.5

48 36.30 5.2 36.80 4.4 37.00 4.4 4.7

60 35.80 6.5 36.30 5.7 36.55 5.6 5.9

72 35.40 7.6 36.00 6.5 36.20 6.5 6.9

Table 16. Abrasion-Erosion Test Data.

Concrete mixture: Kinzua G-2

SPECIMEN
elapsed A B C average
test time wt, percent wt, percent wt, percent percent
hours lb loss lb loss lb loss loss

0 40.10 0.0 39.70 0.0 39.60 0.0 0.0

12 39.30 2.0 39.10 1.5 39.05 1.4 1.6

24 38.90 3.0 38.60 2.8 38.50 2.8 2.9

36 38.50 4.0 38.10 4.0 37.90 4.3 4.1

48 37.95 5.4 37.60 5.3 37.40 5.6 5.4

60 37.40 6.7 37.10 6.5 36.90 6.8 6.7

72 37.00 7.7 36.70 7.6 36.50 7.8 7.7

... ... - .- .. .. ..... ...........................................................- . ..... . - - .. ..- :... , - .-- -
. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . ..i
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Table 17. Abrasion-Erosion Test Data.

Concrete mixture: Kinzua G-3

SPECIMEN

elapsed A B C average
test time wt, percent wt, percent wt, percent percent
hours lb loss lb loss lb loss loss

0 40.25 0.0 40.70 0.0 40.50 0.0 0.0

12 39.70 1.4 40.05 1.6 39.95 1.4 1.5

24 39.15 2.7 39.55 2.8 39.45 2.6 2.7

36 38.70 3.9 39.15 3.8 39.10 3.5 3.7

48 38.30 4.8 38.85 4.5 38.70 4.4 4.6

60 37.95 5.7 38.60 5.2 38.40 5.2 5.4

72 37.60 6.6 38.30 5.9 38.10 5.9 6.1

Table 18. Abrasion-Erosion Test Data.

Concrete mixture: G1 (Silica Fume)

SPECIMEN
elapsed A B C average
test time wt, percent wt, percent wt, percent percent
hours lb loss lb loss lb loss loss

0 39.30 0.0 39.85 0.0 38.50 0.0 0.0
12 38.30 NG* 38.80 NG* 37.50 NG* NG*

24 38.60 1.8 39.05 2.0 37.75 1.9 1.9

36 38.15 2.9 38.65 3.0 37.30 3.1 3.0

48 37.90 3.6 38.40 3.6 36.85 4.3 3.8

60 37.60 4.3 38.15 4.3 NG** -- 4.3

72 37.30 5.1 37.90 4.9 NG** -- 5.0

Notes: * Weights incorrect - scale not set at zero.
•* Timer failed during run.

[- -



Table 19. Abrasion-Erosion Test Data.

Concrete mixture: G3 (Silica Fume)

SPECIMEN

elapsed A B C average
test time wt, percent wt, percent wt, percent percent
hours lb loss lb loss lb loss loss

0 38.40 0.0 40.90 0.0 41.85 0.0 0.0

12 38.10 0.8 40.50 1.0 41.45 1.0 0.9

24 37.90 1.3 40.10 2.0 41.20 1.6 1.6

36 37.60 2.1 39.75 2.8 40.75 2.6 2.5

48 37.35 2.7 39.50 3.4 40.55 3.1 3.1

60 37.00 3.6 39.20 4.2 40.30 3.7 3.8

72 36.80 4.2 39.00 4.6 40.10 4.2 4.3

Table 20. Abrasion-Erosion Test Data.

Concrete mixture: Kinzua Gl(Epoxy)

SPECIMEN
elapsed A B C average
test time wt, percent wt, percent wt, percent percent
hours lb loss lb loss lb loss loss

0 37.80 0.0 38.35 0.0 38.00 0.0 0.0

12 37.20 1.6 37.70 1.7 37.70 0.8 1.4

24 36.80 2.6 37.30 2.7 37.35 1.7 2.3

36 36.40 3.7 36.95 3.7 37.00 2.6 3.3

48 35.90 5.0 36.45 5.0 36.60 3.7 4.6

60 35.50 6.1 36.00 6.1 36.35 4.3 5.5

72 34.75 8.1 35.60 7.2 35.90 5.5 6.9

. . ..
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Table 21. Abrasion-Erosion Test Data.

Concrete mixture: Kinzua Cores

SPECIMEN
elapsed A B C average

* test time wt, percent wt, percent wt, percent percent
hours lb loss lb loss lb loss loss

0 33.40 0.0 33.40 0.0 33.20 0.0 0.0

12 32.90 1.5 33.00 1.2 32.80 1.2 1.3

24 32.30 3.3 32.60 2.4 32.20 3.0 2.9

36 31.85 4.6 32.30 3.3 31.50 5.1 4.3

48 31.10 6.9 31.90 4.5 30.90 6.9 6.1

60 30.30 9.3 31.60 5.4 30.00 9.6 8.1

72 30.10 9.9 31.10 6.9 29.40 11.4 9.4

-a

Table 22. Abrasion-Erosion Test Data.

Concrete mixture: Chert Reference

SPECIMEN

elapsed A B C average
test time wt, percent wt, percent wt, percent percent
hours lb loss lb loss lb loss loss

. 0 36.70 0.0 36.30 0.0 35.95 0.0 0.0

. 12 36.00 1.9 35.70 1.7 35.35 1.7 1.8

24 35.75 2.6 35.35 2.6 35.00 2.6 2.6

36 35.70 2.7 35.20 3.0 34.75 3.3 3.0

48 35.60 3.0 35.10 3.3 34.60 3.8 3.4

60 35.50 3.3 34.90 3.9 34.55 3.9 3.7

72 35.35 3.7 34.85 4.0 34.30 4.6 4.1

.!



Table 23. Abrasion-Erosion Test Data.

Concrete mixture: Densit Concrete

SPECIMEN
elapsed A B C average
test time wt, percent wt, percent wt, percent percent
hours lb loss lb loss lb loss loss

0 44.10 0.0 43.60 0.0 43.70 0.0 0.0

12 44.00 0.2 43.50 0.2 43.60 0.2 0.2

24 43.90 0.5 43.40 0.5 43.60 0.2 0.4

36 43.85 0.6 43.35 0.6 43.60 0.2 0.5

48 43.80 0.7 43.30 0.7 43.60 0.2 0.5

60 43.80 0.7 43.30 0.7 43.60 0.2 0.5

72 43.80 0.7 43.30 0.7 43.60 0.2 0.5

Table 24. Abrasion-Erosion Test Data.

Concrete mixture: Silica Fume 1

SPECIMEN
elapsed A B C average
test time wt, percent wt, percent wt, percent percent
hours lb loss lb loss lb loss loss

0 39.70 0.0 39.60 0.0 0.0 0.0

12 39.50 0.5 39.35 0.6 0.6

24 39.45 0.6 39.25 0.9 0.8

36 39.30 1.0 39.10 1.3 1.2

48 39.20 1.3 39.00 1.5 1.4

60 39.10 1.5 38.90 1.8 1.7

72 39.00 1.8 38.75 2.1 2.0

. ..



Table 25. Abrasion-Erosion Test Data.

Concrete mixture: Silica Fume 2

SPECIMEN

elapsed A B C average
test time wt, percent wt, percent wt, percent percent
hours lb loss lb loss lb loss loss

0 40.30 0.0 40.00 0.0 0.0 0.0

12 40.15 0.4 39.90 0.3 0.4

24 40.10 0.5 39.85 0.4 0.5

36 40.00 0.7 39.85 0.4 0.6

48 40.00 0.7 39.75 0.6 0.7

60 39.90 1.0 39.60 1.0 1.0

72 39.75 1.4 39.55 1.1 1.3

9
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Figure 2. Top portion of large diameter core taken from chunk sample. Speci-
men for abrasion-erosion testing was sawed from beneath the portion shown. The

surface shown is the original wearing surface from the stilling basin.
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Figure 3. Abrasion-erosion specimen at conclusion of testing, mixture Kinzua GI.
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Figure 4. Abrasion-erosion specimen at conclusion of testing, mixture Kinzua G2.
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Figure 5. Abrasion-erosion specimen at conclusion of testing, mixture Kinzua G3.
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Figure 6. Abrasion-erosion specimen at conclusion of testing, mixture Kinzua GL(SF).
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Figure 7. Abrasion-erosion specimen at conclusion of testing, mixture Kinzua G3(SF).
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Figure 9. Abrasion-erosion specimen at conclusion of testing, Kinzua cores.
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Figure 10. Abrasion-erosion specimen at conclusion of testing, chert reference
concrete.
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Figure 11. Abrasion-erosion specimen at conclusion of testing, Densit concrete.
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Figure 12. Abrasion-erosion specimen at conclusion of testing, Silica Fume 1.
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Figure 13. Abrasion-erosion specimen at conclusion of testing, Silica Fume 2.
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Figure 14. Comparison of abrasion-erosion performance of
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APPENDIX A: PETROGRAPHIC REPORT ON AGGREGATES USED
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WESSC 15 July 1982

MEMORANDUM FOR T. C. HOLLAND, CONCRETE TECHNOLOGY DIVISION, STRUCTURES LABORATORY

-i SUBJECT: Limited Petrographic Examination of Four Aggregate Samples

"~ 1. These materials are under consideration as concrete aggregates for repair
of the stilling basin at Kinzua Dam. Each sample was a small bag of unsized
material identified as follows:

a. Coarse aggregate.

(1) PITT-8 G-1. Limestone from Neidigh Bros. Quarry, Boalsburg,

Pennsylvania.

(2) PITT-8 G-2. Diabase from New York Traprock Co., West New York,

New York.

(3) PITT-8 G-3. Diabase from Luck Quarry, Leesburg, Virginia.

b. Fine aggregate PITT-8 S-i. Glacial sand from Buffalo Slag Co.,
Franklinville, New York.

2. Each sample was inspected visually and with a stereomicroscope. A repre-
sentative portion of each sample was ground to pass a 45-pm (No. 325) sieve and
examined by X-ray diffraction (XRD). A slurried slide of the sand was treated
with glycerol and examined by XRD.

3. PITT-8 G-1. The particles were fine-grained blocky dolomitic limestone
with subangular to subrounded edges. Mineral constituents were calcite, dolo-
mite, quartz, and clay-mica. The sample was coated with dust and was medium
dark gray (N4).(0) The texture and composition of this rock suggested that it
could be potentially reactive when used with high-alkali cement. This can be
evaluated by length-change testing of the rock if an adequate sample is avail-
able (i.e., larger particles).

* 4. PITT-8 G-2 and PITT-8 G-3. These two samples of igneous rock were both
listed s diabase. A more correct rock name by the classification system of

*' Shand(2 ) would be gabbro. X-ray diffraction showed each to consist of plagio-
clase feldspar, pyroxene, amphibole, and some quartz and clays. Color was
dark gray (N3).() Particle shape was blocky to pyramidal. Sample G-2 was
much coarser grained than G-3. Sample G-3 seems to contain more clayey mate-
rial and may be less durable because of this difference.

(1) The Rock Color Chart Committee, E. N. Goddard, Chairman, "Rock Color Chart,"
1975, The Geological Society of America, Boulder, Colorado.

(2) Shand, S. J., Erapive Rocks, 3rd ed., John Wiley and Sons, Inc., New
York, New York, 1947.
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WESSC 15 July 1982

SUBJECT: Limited Petrographic Examination of Four Aggregate Samples

5. PITT-8 S-i. This sand was composed of rock and mineral fragments with
larger particles ranging from blocky to tabular. Recognizable rock types were

limestones and sandstones. XRD showed the presence of quartz, plagioclase and
potassium feldspars, calcite, dolomite, and clays. The clays were chlorite and/
or vermiculite, clay-mica, and maybe kaolinite. There was no swelling clay.

JOYCE C. AHLVIN
Concrete Technology Division

Structures Laboratory
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~~Sikadur 362,o,
'I E:pCKy mifier

for concreteb and mortar
Technical Data

Descrption: Sikadur 362 is a pre-proportioned, 2-component, high-solids liquid

epoxy-resin system. Components are supplied in kit form.
Developed exclusively by Sika, it is formulated specifically for use
in portland-cement concretes and mortars. Sikadur 362 will not affect
setting time.
When added to your mix, 362' gives you epoxy-modified concrete
and mortar with unique advantages ... Sikadur forms a continuous
film that coats your coarse aggregate, bridges the micro cracks in
the cement-gel matrix, and produces a structural material of greater
durability.

Where to Use: e Developed to help you patch and resurface concrete.
9 Especially suitable for bridge decks, parking structures, on-grade

slabs, hydroelectric facilities, water-treatment plants.
* Produces high-performance concrete and mortar at costs

between conventional concrete and mortar and epoxy concrete
and mortar.

Advantages: * Added to conventional concrete and mortar, Sikadur 362 will
substantially increase strengths over standard mixes 2 ways:
a) reduces water content to minimize shrinkage cracking
b) adds epoxy benefits to improve

" compressive strength
" resilience
* tensile strength
" flexural strength

o Produces high adhesion to existing concrete to create a bond in
the composite that cannot be separated at the glue line.

* Reduces absorption.
e Freeze/thaw resistance increased dramatically - no change

in dynamic modulus (physical properties) was reported even after
362-modified concrete was subjected to 950 cycles of rapid freeze/
thaw, per ASTM C-666 procedure.

* More economical than all-epoxy mixes, 362-modified mixes are
ideal for bridge decks, parking structures, etc.

* Thermally compatible for outdoor patching and surfacing in
both shallow and deep replacement patches.

9 May be used on grade; 362 does not produce a vapor barrier.

B2 Supersedes 690



TECHNICAL NOTES:

Packaging: Sikadur 362 is packaged in 2-gallon kits.

Shelf Utf: 1 year.

Storage Conditions: Keep in cool, dry place.

Color: Straw when mixed.

Pot Lfe: Approx 30 to 40 minutes.

Proportion: Use Sikadur 362 at the rate of 2 gal/sack of cement, one kit per bag.
Dosage may be increased for special applications.

Limitations: Sikadur 362 concrete and mortar should be mixed with as low a water
content as is consistent with proper placing and consolidation.
Not recommended for use at temperatures below 50F. Keep material
between 65F and 85F during mixing. Do not intermix with organic
solvents.
Material not to be used with air-entrained cements or with any air-
entraining agents.
Do not feather-edge. Minimum thickness is 1/ in.

SIKA A Comp 9.69 lb/gal
B Comp 8.52 lb/gal

26 Aug 82 List price 2 gal unit
$53.25/gal
or $106.50 per kit

HOW TO USE:

Surface Preparation: Concrete surface must be clean and sound. It must be pre-dampened,
but be free of standing water.
Chip surface to remove laitance, grease, oil, curing-compounds,
impregnations, waxes, friable concrete, and other bond-inhibiting
materials. Surface must be roughened to assure optimum bond of
the topping; chip to a 1/s-in. profile.
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Mixing: Prepare a Bond Coat (for all applications.)

Mix 1 sack portland cement, 188 lb sand, 4 to 4.5 gal water in mortar
mixer, and hold.
Pre-mix 2-gal unit of Sikadur 362. Add contents of B component to
A component container, mix with Sika paddle on low-speed (400- to
600-rpm drill). When blended, add to mortar mix and agitate until

•* .epoxy-modified bond coat is uniform. Add up to 3.5 gal additional
water as necessary for fluidity.
Scrub into surface using stiff-bristled broom. Apply topping before
bond coat loses moisture.

.' Patching/Topping Mortar

Portland cement 1 sack
Concrete sand 282 lb
Sikadur 362 2 gal
Water 5.5 gal

Approx yield 3.2 c4 ft

To mix, follow bond coat procedure. Use only that amount of water
to give you proper handling and consolidation.

Concrete Mix
Portland cement 1 sack
Concrete sand 296 lb
%-in aggregate 163 lb
Sikadur 362 2 gal
Water 5.5 gal

Approx yield 4.2 cu ft
Mixing procedure: Place coarse aggregate in mixer and add all of
Sikadur 362 A and B components. Mix for approx 3 min. Add sand,
some water, then cement. Mix until blend is well dispersed. Add
enough or all of remaining water to obtain desired slump. (Water
content will vary depending on moisture in sand.)
Note:. Mixes are only suggested as guides because local aggregates
vary. Your working mix proportions, therefore, should be based on
available aggregate.

Application: Place 362 epoxy-modified concrete or mortar in conventional
manner. Finish with a vibrating screed. After screeding, allow bleed
water to come to the surface, then finish with steel trowel. Wipe
trowel with Sika Equipment Cleaner or other solvent to make it easier.
Do not feather-edge Sikadur 362 mixes. Minimum thickness is 1/2 in.

Curing: Cure with wet burlap and/or polyethylene sheeting for a minimum of
24 hr. A 3-day cure is recommended.
Contact SikaService for additional information.
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Caution: A Component - For Industrial Use Only! Warning! May cause
skin sensitization or other allergic responses. Avoid inhalation of
vapor. Use good ventilation particularly if material is heated or
sprayed. Prevent all contact with skin or eyes. If contact with skin
occurs, wash immediately with soap and water. In case of contact
with eyes, flush immediately with water and contact a physician.
B Component - DANGER! CAUSES (SEVERE) BURNS. Contains
alkaline amines: strong sensitizer. Do not get in eyes, on skin, on
clothing. Avoid breathing vapor. Keep container closed. Use with
adequate ventilation. Wash thoroughly after handling.
FIRST AID: In case of contact, immediately flush eyes or skin
with plenty of water for at least 15 minutes. Remove contaminated
clothing and shoes. Call a physician. Wash clothing before reuse.
Discard contaminated shoes.
WEAR PROTECTIVE CLOTHING, GOGGLES, GLOVES, AND/OR
BARRIER CREAMS.
Keep out of reach of children. For industrial use only.

Guarantee Every reasonable precaution is taken in the manufacture of all products and compiling of data to
assure that they shall comply with Sika's exacting standards. To the best of our knowledge
information given is correct and the products as sold are satisfactory for the purpose proposed by
Sika. However, no guaranty of results using these products and data is given because every possible
variation in methods of use or conditions under which they are applied cannot be anticipated. Sika
is not responsible if the material is used in a manner to infringe patent held by others.

Distribution Distributors in principal cities. National network of Sika-approved Applicators.

District Offices AL, (Atlanta) ....... 404-761-7143 LA, Baton Rouge ... 504.927-1859 NC. (Chester. SC) ... 803-377-3272
CA. Pasadena ...... 213-792-5127 MA, Boston ........ 617-631-9247 PA, Philadelphia .... 215-887-8010 E

* CA, San Francisco.. 415-775-1551 MD. Rockville ...... 301-340-7348 PA, Pittsburgh ...... 412-279-1176
CO. Denver ......... 303-456-7452 Ml, Southfield ...... 313-552-1012 SC, Chester ........ 803-377-3272
CT. Farmington ..... 203-646-0385 MO. Kansas City .... 913-381-0333 TX, Dallas ......... 214-661-3610
FL, Lakeland ..... 813-688-8600 NJ. Cherry Hill . 609-662-3595 TX, Houston ....... 713-461-3010 m
GA. Atlanta ........ 404-761-7143 NJ. Lyndhurst ...... 201-933-8800 WA. Redmond ...... 206-883-8758 _
IL, Chicago ........ 312-296-2810 NY, Middletown .... 914-343-3554 Wl, Milwaukee ..... 414-272-3100
KS. Shawnee Mission 314-533-1683 .-

Executive Office PO. 297, Lyndhurst, NJ 07071 e Tel. 201-933-8800 TWX 710-989-0288

A Sika Corporation
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APPENDIX C: EPOXY MANUFACTURERS CONTACTED

Following is a list of manufacturers contacted during the attempt

to find epoxies suitable for use in fresh concrete. If the company had

a suitable product, the product name and approximate cost of epoxy

only per cubic yard of concrete are given. Costs are based upon list

price information furnished by manufacturers during Septenber 1982.

1. Rocky Mountain Chemical 9. Delta Plastics

Casper, Wyoming Visalia, California
307-265-3227 209-732-4823
Product: Product No. 7, $342. Product: None

2. Sika Corporation 10. Epoxy Industries

Lyndhurst, New Jersey Ravena, New York
201-933-8800 518-745-6193
Product: Sikadur 362, $639. Product: None

3. Dural International Corp. 11. Concrete Epoxy Technical
Deer Park, New York Systems, Inc.
516-586-1655 Trevose, Pennsylvania
Product: Duralguard, $454. 215-322-7310

4. American Metaseal Co. Product: CETS 112, approxi-

Carlstadt, New Jersey mately $350.

201-933-1720
Product: None

5. Protex Industries, Inc.

Denver, Colorado
302-935-3566
Product: None

6. Thermal-Chem, Inc.
Elk Grove Village, Illinois
312-364-0364
Product: None

7. General Polymers

Cincinnati, Ohio

513-631-0649
Product: Product data supplied

is for an epoxy mor-
tar system.

8. Adhesive Engineering Co.
San Carlos, California

415-592-7900

Product: None

C1
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