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PREFACE 

The comparison of limestones reported herein was authorized by the 

Chief of Engineers as a part of Civil Works Investigations, Item CW 602 

"Research on Properties of Aggregates for Concrete." Samples of the lime¬ 

stones used as aggregate in the following projects were obtainei and 

tested: 

1. Lock and Dam No. 26, Alton, Illinois 

2. Blues tone Dam, Hinton, W. Virginia 

3» Wolf Creek Dam, Jamestown, Kentucky 

b. Dale Hollow Dam, Celina, Tennessee 

5* Center Hill Dam, Baxter, Tennessee 

6. Allatoona Dam, Cartexsville, Georgia 

7. Bull Shoals Dam, Mountain Home, Arkansas 

8. Chain of Rocks Lock, Granite City, Illinois 

This investigation was accomplished by the Concrete Research Divi¬ 

sion under the supervision of Charles E. Wuerpel and Herbert K. Cook. 

The tests were performed by or under the direct supervision of E. J. 

Callan, Katharine Mather, and R. L. Curry. The report was prepared by 

Bryant Mather, E. J. Callan, Katharine Mather, and Nelson B. Dodge. 

32673 
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LABORATORY INVESTIGATION OF CERTAIN LIMESTONE 

AGGREGATES FOR CONCRETE 

PART I: INTRODUCTION 

Scope of Investigation 

1. The intent and scope of this investigation are indicated by 

the following quotation from letter from the Chief of Engineers to the 

Division Engineer, Ohio River Division: 

"This Department has under construction, or will have under 

construction in a short time, a good many concrete dams in which 

the aggregates in whole or in part are limestone. Some of these 

limestones are of excellent quality and some of them are open to 

serious doubt as to their ultimate durability in an hydraulic 

structure subject to heating and cooling through a wide range in 

temperature, to wetting and drying under adverse weather condi¬ 

tions, and to freezing and thawing. Borderline cases are too 

often accepted for use rather than to obtain materials of recog¬ 

nized quality at a somewhat higher price. 

"In order to establish the relative merits of all the lime¬ 

stones being considered for use at this time, it is requested 

that representative samples of the aggregate from Wolf Creek, 

Center Hill, Dale Hollow, and Bluestone Dams be sent to ... (the 

Waterways Experiment Station) for test.... 

2. The details of the tests to be made and the materials to be 

included were developed in cooperation with representatives of the 

Office, Chief of Engineers. 



Distribution and Varia-ion of Limestones 

3. It has been estimated that sedimentary rocks make up approxi¬ 

mately 75 per cent of all rocks exposed on the surface of the earth and 

that approximately 21 per cent of all sedimentary rocks are limestones. 

Approximately 75 per cent of all crushed stone aggregates used in the 

United States are limestones. The general term "limestones'' includes 

those rock3 composed principally of carbonate minerals, of which the most 

abundant are calcite (CaCO^) and dolomite vCaCO^MgCO^ ). "Carbonate 

rocks" is a more descriptive and accurate group name than "limestones." 

4. A pure, high-lime, limestone consists almost exclusively of 

the mineral calcite. Limestones containing appreciable amounts of mag¬ 

nesium carbonate are called magnesian or dolomitic limestones; when the 

amount of magnesium carbonate becomes equal to the amount of calcium car¬ 

bonate, the rock is properly a dolomite. A limestone containing appre¬ 

ciable amounts of sand is termed an arenaceous (sandy) limestone; when 

the sand becomes the predominant constituent, the rock is described as 

a calcareous sandstone. A limestone containing significant quantities 

of disseminated clay minerals is known as er argi 11 aceous limestone. If 

a limestone rock is characterized by lenses and seams of shale it is 

called a shaly limestone; when the quantity of clay minerals or shaly 

material increases so as to become the predominant constituent, the rock 

is known as a calcareous shale. All of the types of material described 

above grade imperceptibly from one to another and are frequently found 

in close association with each other. 

rough subdivision of limestones given here is based on 
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composition and on average grain size of the mineral constituents, and 

particularly on the grain sizes, composition, and arrangement of the con¬ 

stituents that are not carbonates. The grain size, composition, end ar¬ 

rangement of both the noncarbonate constituents and the detrital part of 

the carbonate constituents are important and useful in the description 

and classification of limestones10*. The same factors are useful in 

differentiating limestones which may be expected to perform satisfact'.- 

ily as aggregates. The group name, limestone, is applied to rocks that 

have a very great range in chemical composition, physical properties, 

petrographic structure and texture, physical condition, and suitability 

for use as concrete aggregate. Rockwood1? has stated: "...no two lime¬ 

stones, in nature, are ever exactly alike...that is one factor that makes 

them so interesting." 

6. Limestones very not only in composition but in physicsl prop¬ 

erties. Hie degree of consolidation and compaction controls the rela¬ 

tive toughness of the rock and the ease with which the individual par¬ 

ticles composing it may be separated from each other. The particle site 

of the individual grains composing the rock controls the ease with which 

the rock may be processed into graded manufactured sand. Composition 

and texture both play a part in controlling such properties as resis¬ 

tance to abrasion, porosity, and absorption. The mineral calcite - 

and consequently most limestones - has a thermal dlffuslvlty of approx¬ 

imately 0.0k sq ft per hr; thus, limestone and concrete made with lime¬ 

stone aggregate will undergo temperature changes relatively more slowly 

* Numbers inserted in this manner refer to literature 

references which follow the text of this report. 
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than concrete made with siliceous aggregate. The mineral cedcite has an 

average linear coefficient of thermal expansion of 2.9 x 10"^ per degree 

F; consequently limestones generally have relatively low thermal coeffi¬ 

cients. The average linear thermal coefficient of dolomite is 4.2 x 10"^ 

per degree F. 

Previous Investigations 

?• The problem of correlating the usefulness and serviceableness 

of limestone aggregates for concrete with their properties has been stud¬ 

ied for many years. G. F. Loughlin^ stated: "Limestone, including 

dolomite, is used for aggregate in greater quantity than any other kind 

of stone, and if it were not generally satisfactory poor concrete would 

be a commonplace. He then describes certain "inferior stones" charac¬ 

terized by either a soft, porous, chalky matrix; the presence of exces¬ 

sive amounts of shaly or clayey materials; or clay minerals that undergo 

large volume charges on wetting and drying. F. R. McMillan and G. W. 

Ward conclude : Limestones that break with a smooth conchoidal frac¬ 

ture, particularly ii the porosity is low, are usually good aggregates. 

Uneven fractures that tend to follow planes, the presence of many closely- 

spaced bedding lamellae and high insoluble matter, especially if clay 

minerals can be microscopically detected, are danger signs. If a high 

porosity accompanies any of the above the aggregate should be given close 

scrutiny....danger points, such as bedding planes, concentrations of clay 

mineri ï, mica seams, sulfides, etc., may occur and one should be on the 

watch for them." 
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whether they correlate with behavior and service. J. L. Young, J. H. 

20 
Havens, and L. E. Gregg wrote a progress report on an investigation 

in which they studied the following features of a number of Kentucky 

limestones which had been used as concrete aggregates : 

Insoluble residue 

Permeability 

Total porosity 

Effective porosity 

Bulk specific gravity 

Absolute specific gravity 

Petrographic description 

Clay mineral content and 

x-ray identification 

Resistance to abrasion 

Toughness 

Compressive strength 

Flexural strength 

Hardness 

Size, sha¿e, and frequency of pores 

Thermal expansion 

Soundness in sodium and 

magnesium sulfate 

The progress report states that the significance of these properties can¬ 

not be established until performance tests are completed. 

9. K. S. Sweet^ investigated the following properties of certain 

limestones which have been used as concrete aggregates in Indiana: 

Natural moisture content 

Microscopic characteristics 

Void characteristics 

Resistance to sodium sulfate 

Resistance to unconfined freezing-and-thawing 

Resistance to freezing-and-thawing in concrete 

Apparent specific gravity 

Bulk specific gravity 

■ 

Absorption 
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Absolute specific gravity 

Stratigraphie classification 

10. Sweet concludes that for the purpose of differentiating lime¬ 

stones of good field performance from those with unsatisfactory perform¬ 

ance as concrete aggregate 

a. Stratigraphic classification dots not serve. 

b. The sodium sulfate test does not serve. 

c. Unconfined freezing-and-thawing of vacuum-saturated samples 

will serve, but a relatively low value for loss would have 

to be taken as the criterion. 

d. Apparent specific gravity, bulk specific gravity, and ab¬ 
sorption do not serve. 

e. Total void volume and degree of saturation do not serve, 

but data from microscopic determination of volume of voids 

less than 0.005 mm in diameter indicate that limestones 

with good service records have a ratio of volume of such 

voids to solid volume of less than 0.06 while those with 

poor records have a ratio greater than 0.10. 

f. Freezing-and-thawing tests of concrete containing the 

limestone will serve to differentiate limestones of good 
and poor field performance. 

11. Investigators at the Denver laboratories of the Bureau of 

Reclamation have reported interesting data on volume change and pore 

characteristics of limestones. R. F. Blanks^" has described an apparatus 

for studying the size, continuity, and abundance of the pores in a rock 

by measuring the rate of evaporation from saturated specimens and the 

force associated with capillary movement of water into the material. 

This apparatus gives data in terms of rate of development of pressure 

deficiency in the closed system used. Poor durability of concrete is 

indicated when the limestone shows a rapid rise to high pressure defi- 

a clayey limestone, a 
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clayey dolomitic limestone, and a chalk, all of which showed a rapid rise 

to a high-pressure deficiency. These limestone., weie found to be non¬ 

durable when used in concrete tested by freezing-and-thawing. Roger 

Rhoades and Richard C. Mielenz1^ report that argillaceous (clayey) lime¬ 

stones may expand more than 0.1 per cent linearly upon wetting and that 

an argillaceous limestone used in a major federal project in southeastern 

United Stated expanded 0.028 per cent linearly across the bedding and 

0.016 per cent parallel to the bedding during immersion in water. They 

also note that when expansion results from the swelling upon wetting of 

montmorillonite clays, the volume change is accompanied by pressures 

greatly in excess of the tensile strength of concrete. 
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PART II: MATERIALS TESTED AND THEIR SOURCES 

12. The limestones used in the eight projects considered in this 

report came f.-om nine quarries. The materials are described in the fol 

lowing paragraphs. 

Alton Lock and Dam Aggregates 

13. Coarse aggregate for concrete for Lock and Dan No. 26 on the 

Mississippi River t; Alton, Illinois, „as obtained fren the quarry of the 

Mississippi Line and Stone Company. The site of the quarry is the Mis- 

aisslppl River bluff near Alton. Limestone of the St. Louis formation is 

worked along a face about a mile long and 60 to 80 ft high. The rock is 

mainly a hard, fine-grained, compact, gray limestone, having some beds 

of the extremely fine-grained lithographic type. It weathers to a 

Chalky White color. Local thin shale partings occur but are not suffi¬ 

ciently numerous or thick to affect the general nature of the rock. The 

formation is medium bedded to massive, and Joint, are rare. I* has been 

considered suitable for road material by the Illinois Division of High¬ 

ways. Pine aggregate used in the concrete for Alton Lock ami Dam was 

Mississippi River sand. 

^ B1UMt0ne - ^ « Hinton, West Virginia, was start, 

1" 1942. The contraetor, after investigate .u poa.lble sources of a, 

gregate previously investigated by the govern, decided to obtain stc 

^ the quarry of the Acme Limestone Comply located on the Greenbrier 
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River near Fort Spring, West Virginia. This quarry is 2? miles from the 

dam site and had been in operation for more than 40 years. The Acme 

Limestone Company produced approximately one-third of the processed ag¬ 

gregate, and the General Crushed Stone Company of Easton, Pa., which in¬ 

stalled additional crushing facilities at the quarry, produced approx¬ 

imately two-thirds of the total requirements for the project. The quarry 

has a working face approximately I90 ft in height and l400 ft in length 

in the Pickaway and Union members of the Greenbrier limestone formation. 

The exposed face consists of 19 beds ranging from 1 ft to 35 ft in thick¬ 

ness, including one 1-ffc bed of shale, one 3-^ bed oí argillaceous lime¬ 

stone, and two beds of siliceous limestone. There are between 2 to 5 ft 

of overburden and scattered crevices and vertical solution channels 

filled with mud. In addition to coarse aggregate, manufactured sand was 

produced and used to provide approximately 25 per cent of the total fine 

aggregate for the project. The remainder of the fine aggregate was 

natural sand from the Scioto River in south central Ohio, approximately 

250 miles from the dam site, produced by the Miami Gravel Company and 

the Barnes Sand and Gravel Company. 

Wolf Creek Dam Aggregates 

15. Concrete aggregate for use in Wolf Creek Dam, Jamestown, 

Kentucky, was produced from the Maupin Quarry located on the left bank 

of the Cumberland River about 12 miles from the dam site. The quarry 

face io approximately I30 ft in height and contains beds representing 

the St. Louis and St. Genevieve formations. The lower 35 ft are assigned 

to the St. Louis formation and the upper 19 ft are assigned to the 
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St. Genevieve. An 8-ft to l4-ft bed of argillaceous limestone, located 

midway in the St. Genevieve formation, was removed and wasted. There 

was approximately 5 ft of overburden. A small amount of chert is 

present in this limestone. 

Dale Hollow Dam Aggregates 

16. The aggregate used in Dale Hollow Dam, Celina, Tennessee, was 

obtained from a limestone quarry known locally as the Pea Ridge Quarry, 

located in Clay County, Tennessee, near the Tennessee-Kentucky state 

line. A working face approximately I65 ft in height was developed. Num¬ 

erous irregular mud-filled cavities were encountered near the top of the 

quarry. A considerable amount of chert was present and numerous thin 

layers of soft gray to green calcareous shale occurred between the lime¬ 

stone beds. The limestone probably represents portions of the St. Louis 

formation and consists predominantly of light gray oolitic and denser, 

darker gray material. 

Center Hill Dam Aggregates 

IT* The aggregates for Center Hill Dam, Baxter, Tennessee, were 

obtained from a quarry located on the left bank of the Caney Fork about 

15OO ft downstream from the axis of the dam, near Lancaster, Tennessee. 

The limestone in this quarry is a dark, compact, fine- to medium-grained 

crystalline rock representing the Cannon formation. The limestone beds 

average about 3 ft in thickness with thin shale beds. There is approxi¬ 

mately 10 ft of overburden, and several deep solution fissures filled 

with clay were encountered. 
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Allatoona Dam Aggregates 

18. The concrete aggregate for Allatoona Dam, Cartersville, Georgia, 

was produced from the Shinall Quarry at White, Georgia, located about 15 

miles north of the dam site. The material produced from this quarry has 

been described as magnesian limestone containing approximately 75 per 

cent calcium carbonate, 20 per cent magnesium carbonate, and 3 per cent 

silica*. Chemical analysis of the original sample tested by the Water¬ 

ways Experiment Station indicated that most of the rock was dolomite. A 

few segregations of shaly material were found to contain up to 18 per 

cent silica and aluminum. The shaly material was largely removed by 

scalping. The geologic map of Georgia indicates that the rock occv. ring 

at this locality is part of the Shady formation (Lower Cambrian); how¬ 

ever, geologists of the South Atlantic Division who are familiar with 

the area are of the opinion that the rock developed at this quarry is 

a part of the Knox formation (Upper Cambrian and Lower Ordovician). 

BuT1 Shoals Dam Aggregates 

19. The concrete aggregates for Bull Shoals Dan, Mountain Home, 

Arkansas, were obtained fro. a quarry near FUppin, Arkansas, from beds 

of the Everton formation. The quarry Is situated approximately T miles 

from the dam site and was located after extensive Investigation of other 

formations and locations. The material exposed In this quarry consists 

. C. E. Jackson In "Manufactured Aggregate Conference" report, p 7, 

6 Nov 191*7, Office, Chief of Engineers. 
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of crystalline magnesian limestone, sandy magnesian limestone, and cal¬ 

careous to magnesian sandstone. 

Chain of Rocks Lock Aggregates 

20. Coarse aggregate for concrete for the Chain of Rocks project, 

Granite City, Illinois, was obtained from Columbia Quarries Company, 

Krause, Illinois. The quarry, the largest in southern Illinois, is lo¬ 

cated one and one-half miles north of Columbia in southwestern St. Clair 

County, in a hill not far from the Mississippi River bluff. The forma¬ 

tion being quarried is the St. Louis limestone, which in this locality 

differs from the same formation at Alton by the presence here of more ar¬ 

gillaceous beds and an appreciable amount of cherty and stylolitic lime¬ 

stone. However, the predominant material, as at Alton, is fine- to medium¬ 

grained, fresh, dense, light gray limestone. It was originally proposed 

to obtain crushed limestone fine aggregate for the Chain of Rocks project 

from the quarry of the East St. Louis Stone Company near Falling Spring, 

However, the Falling Spring plant was destroyed by fire and 

until it could be rebuilt the crushed limestone fine aggregate weis sup- 

^rom Prairie du Rocher, Illinois, by the Columbia Quarries Company, 

and from Thornton, Illinois, by the Materials Service Corporation. The 

new Falling Spring plant began to supply the fine aggregate early in 19^9- 

The Prairie du Rocher and Thornton sources are not covered in this report. 

The Falling Spring quarry is located in the Mississippi River bluff about 

one-half mile northeast of Falling Spring. The rock formation being quar¬ 

ried is the St. Louis limestone. This material is in general similar to 

the same formation described above in the Columbia Quarries Company 
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operation at Krause. The principal material is fine- to mediun-grained, 

fresh, dense, gray, thick-bedded limestone. 

Geographic and Stratigraphic Distribution 

21. The locations of these eight projects are shown in fig. 1 and 

the relative stratigraphic position of the formations from which these 

iraterials were obtained is indicated below: 

Relative Position of the Various Limestones 

in the Geologic Column 

Paleozoic 

Mississippian 

Upper 

Greenbrier 

Union 

Pickaway 

Middle 

Merair^c 

St. Genevieve ) Wolf Creek, Dale Hollow, Alton, 
r } \ ana chain of Rocks projects 

St. Louis ) 

Ordovician 

Middle 

Trenton 

Cannon ) Center Hill project 

Lower 

Buffalo River 

) 
) Bluestone project 

) 

Everton ) Bull Shoals project 



1. Location of e 
ight projects from which 

limestone was obtained 
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Cambrian 

Upper 

Knox ) Allatoona 

Lower 

Shady ) 

Sinrnnary of Data 

22. Summaries of relevant data, including the results of routine 

tests, are given for all of the materials under consideration on data 

sheets 1-13. Available data on their use in field mass concrete are 

summarized in table 4. 
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PART III: LABORATORY INVESTIGATIONS 

Petrographic Examination 

23- A sample of limestone aggregate from each of the nine sources 

was examined In accordance with "Method of Petrographic Examination of 

Aggregate" (CRD-C 127-50) of Handbook for Concrete and Cement11. Various 

additional tests were made which are not ordinarily Included In a rou¬ 

tine examination. Representative portions of each sieve fraction of 

the coarse aggregate, and of the sieve fractions of the fine aggregate 

coarser than the No. 30 sieve, were examined megescoplcally and with the 

stereoscopic microscope. Sawed surfaces, and sawed surfaces etched with 

dilute hydrochloric acid, were examined using the stereoscopic microscope 

™n sections of each lithologic variety were prepared from selected 

Pieces of coarse aggregate and examined using the petrographic microscope. 

Counts were made of the number of particles of each lithologic variety. 

Polished sections were prepared, and examined under the metallographlc 

microscope for the detection of cracks and voids, sieve fractions of 

flne aegreeate PM,lne ^ 30 sieve were examined using immersion 

mounts with the petrographic microscope. Pulverised samples of each lith¬ 

ologic variety in the coarse aggregate were digested In dilute hydrochlo- 

«o acid and the a»unt of insoluble residue determined. Examination was 

- made to detente the mineral composition of each insoluble residue, 

-Ing immersion mounts with the petrographic microscope. 

3-ex of refraction and birefringence were determined for the 

clay minerals found as a oortinn of 
^ n 0f each ‘»soluble residue; these prop- 

erties were used to classifv i 

c ay minerals as members of the kaolinite 
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group, the montmorillonite group, or the illite group. The amount of in¬ 

soluble residue was also determined in the fraction of fine aggregate re¬ 

tained on the No. 200 sieve. Schurecht's ratio was determined for each 

lithologic variety of each sample. Schurecht's ratio, in this report, 

is defined as the ratio of absorption after 24-hr soaking to absorption 

after 24-hr soaking and 5-hr boiling in water. 

25. In the examination of these samples the greatest emphasis was 

placed on the coarse aggregate and the sizes of the fine aggregate re¬ 

tained on the No. 30 sieve, for the reason that various limestone types 

which may be of importance in the larger particle sizes tend to lose 

their identity in the finer sizes of the crushed limestone sand. These 

finer particles consist almost entirely of very fine-grained limestone 

or of cleavage fragments of single crystals. Chert, quartz grains, shale 

or clay partings, pyrite crystals, and other impurities except dissemi¬ 

nated clay, if present in the larger particles of limestone, will be found 

as separate particles in the smaller sieve sizes of the fine aggregate. 

Oolites and fossils tend to be broken up. 

Thermal Tests 

26. Specimens of the limestone aggregates concerned in this report 

were tested for coefficient of linear thermal expansion in accordance 

with the procedures given in "Method of Test for Coefficient of Thermal 

Expansion of Coarse Aggregate (Strain-Gage Method)" (CRD-C 125-48). Sands 

manufactured from these limestones were tested according to Method of 

Test for Coefficient of Thermal Expansion of Mortar" (CRD-C 126-49). 

27. In accordance with Method CRD-C 125, small slabs were sawed 
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from the aggregates oriented in three perpendicular directions, including 

the bedding plane if feasible. Strain gages were attached to the surfaces 

of the slabs which were then heated and cooled alternately between 135 F 

and 35 F. Strain readings were taken at the extreme temperatures. The 

coefficients of expansion were computed from these readings and averaged. 

28. Following Method CRD-C 126, the test sands were made into 

standard mortars, molded into prisms containing inserts at the ends, and 

allowed to cure. Then they were brought to equilibrium alternately by 

immersion in water at 135 F and 35 F. Length readings were taken at the 

extreme temperatures. The coefficients of expansion were computed from 

these readings and averaged. 

29. Some scattered data were obtained on other thermal properties 

of certain of the materials. These data were primarily thermal diffu- 

sivities and specific heats of aggregates or concretes; they were deter¬ 

mined using Methods CRD-C 36 or 124. For diffusivity, regular-shaped 

specimens were heated to equilibrium at an elevated temperature and cooled 

in running water. The time-temperature cooling history was recorded using 

thermocouples, and the diffusivity calculated from the cooling curve. 

Specific heats were determined using the method of mixtures, in which 

specimens at a known temperature are placed in a bath of another known 

temperature. From the resultant temperature changes and a consideration 

of the masses of specimen and bath, the specific heat is calculated. 

Freezing-and-thawing Tests 

30. Thirty-three aggregate combinations (listed in table 6) were 

tested in accelerated freezing-and-thawing in general accordance with 
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"Method of Test for Soundness of Aggregates by Freezing and Thawing of 

Standard Concrete Specimens" (CRD-C 114-U8). This method includes the de¬ 

sign of a standardized concrete mixture containing the aggregates under 

test, either composed entirely of test fine and coarse aggregate, or com¬ 

posed of the fine or coarse test aggregate together with a standard ag¬ 

gregate. The standard mixture has a fixed water-cement ratio of 5-5 gal 

per bag, specified limits for grading and sand-to-total-aggregate ratio, 

consistency of 2.5 + 0.5 in. slump, and plastic air content of U.5 + 0.5 

per cent. The cement factor is permitted to vary as needed to secure the 

specified consistency. 

31. After curing, the 3-1/2- by 4-1/2- by l6-in. test beams were 

tested for dynamic modulus of elasticity and installed in the automatic 

accelerated freezing-and-thawing apparatus. Twelve cycles of freezing- 

and-thawing between 0 F and 40 F were obtained per day, and dynamic modu¬ 

lus was determined at least every other day. Tests were continued for 

300 cycles or until the specimens suffered a decrement in dynamic modulus 

of 50 per cent of the initial modulus. 

32. Several departures were made from this test method for certain 

of the combinations tested. These are noted on table 6 and plates 6, 8, 

and 10. The principal departures included air contents outside the 4.5 + 

0.5 per cent limit, the use of a project grading in thiee of the six sets 

of beams containing Bull Shoals Dam aggregates, and the discontinuance of 

tests of several sets prior to completion. The sets were discontinued 

primarily for reasons of freezer space and schedules, and were limited to 

those combinations where a fairly reliable estimate of the durabili y 

factors could be made. 
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PART IV: RESULTS OF PETROCrrtPHIC EXAMINATIONS 

Composition 

33. The lithologic compositions of the samples are summarized in 

table 1. The table indicates that oolitic limestone was ein important 

constituent of six of the nine limestones (all except Center Hill, Bull 

Shoals, and Allatoona). The Center Hill sample contained more litho¬ 

graphic limestone than any of the others. The Bull ShoeLLs sample con¬ 

tained more quartz, in sandy limestone and calcareous sandstone, than any 

other and was high in dolomitic limestone. The Allatoona sample was the 

only one classified as dolomite. 

'A- The rock in all of these samples was predominantly fresh and 

dense. Porous argillaceous limestone made up approximately l6 per cent 

of the Falling Spring and 21 per cent of the Columbia samples for the 

-'hain of Rocks project. About 8 per cent of the Bull Shoals sample was 

weathered dolomitic limestone. Slightly weathered varieties or very 

small quantities of more thoroughly weathered varieties were found in 

other samples but were not believed to be significant in amount. 

35» Calcite was the principal carbonate mineral in all of the 

samples except that from Allatoona and possibly that from Bull Shoals. 

The Allatoona rock was dolomite; more than half of the Bull Shoals sample 

was dolomitic limestone. The Center Hill limestone contained irregular 

dolomitic areas. Cherty limestone made up more than half of the Dale 

Hollow sample; a considerable part of the chert was chalcedonic. Minor 

amounts of chalcedonic chert were found in the samples from Wolf Creek, 

[ailing Spring and Columbia Quarries, Center Hill, and Bull Shoals. No 



other constituent known to be capable of deleterious reaction with the 

minor alkalies of portland cement was found. 
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36. Dense argillaceous limestone containing disseminated clay was 

the major constituent of the samples from Bluestone and Wolf Creek, and 

constituted about 10 per cent of the Center Hill material. The two 

Chain of Rocks samples from Columbia and Falling Spring Quarries con¬ 

tained important amounts of porous argillaceous limestone. Deleterious 

effects attributable to clay content are discussed in part VII of this 

report. The amounts /ind composition of the insoluble residue by litho¬ 

logic varieties are shown in table 2. 

37. Sand or silt was present in varying amounts in all of the 

samples. Silty limestone was a major constituent of the Bluestone aggre¬ 

gate; almost half of the Bull Shoals aggregate consisted of two inter¬ 

grading varieties high in sand. 

38. The sample frcm the Pea Ridge Quarry did not contain the soft 

green shale that can be seen in the quarry and at the bottom of popouts 

in the hand rail and curbing of the roadway across the Dale Hollow Dam. 

The sample from the Shinall Quarry contained some of the black shale that 

was present in the aggregate in varying amounts at different periods dur¬ 

ing the construction of Allatoona Dam. It should be remembered that the 

petrographic descriptions and the proportions of different types apply 

to the samples examined, but the samples may not have been representative 

of an average of the aggregate used in any of the structures. 

39. The rocks of these samples comprised only a small segment of 

the possible range in composition, structure, and condition of limestone 

aggregates that have been considered for use in concrete. Rone of the 
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samples represented argillaceous limestones as undesirable as those de¬ 

scribed by G. F. Loughlin^. On the basis of routine petrographic exam¬ 

inations, all of these samples may be regarded as free from major un¬ 

desirable physical features. However, the additional information ob¬ 

tained by determination of the amount and type of insoluble residue in 

each important lithologic variety raises a question as to the desirability 

of the porous argillaceous limestone in the two samples from the Chain of 

Rocks project. 

Alton Lock and Dam aggregates 

40. About 90 per cent of the coarse and fine manufactured lime¬ 

stone aggregate from Alton (samples designated CRD G-4, G-U(s)) consisted 

of two varieties of limestone. A medium-grained fossiliferous and often 

oolitic variety containing pellets of fine-grain mí limestone was about 

twice as abundant as an extremely fine-grained lithographic type. Both 

re fresh, dense, and tough. The remainder of the coarse aggregate was 

composed of shaly limestone, sandy limestone, limestone conglomerate, and 

about one per cent oí other miscellaneous types. The remainder of the 

fine aggregate was composed of the following, in order of their relative 

abundance: sandy limestone, clear calcite, quartz, clay, and chert. 

k1' predominant particle shape was pyramidal with angular cor¬ 

ners. The surface texture was very smooth on the lithographic type and 

slightly irregular on the other types. Clay learns and atylolitic part¬ 

ings, both containing minerals of the kaolin group, were of coimnon occur- 

The aha]y limestone partially disintegrated during the boiling 

operation for determining Schurechtratio. Soft yellowish-green clay 

and red clay, amounting together to less than one per cent of the coarse 
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aggregate sample, completely disintegrated upon wetting. The green clay 

found on some of the particles in the two most abundant groups also dis¬ 

integrated upon wetting. 

42. Eleven chemical analyses of the St. Louis limestone in the 

vicinity of Alton, Illinois, gave the following results, in per cent by 

weight^: 

Hange_ Average 

CaCO-j 96.5 92.4 -98.I 

3i02 I.5 O.3O- 6.52 

The remainder was mainly AI2O3 with a little FegO^. The insoluble resi¬ 

due after digestion in dilute hydrochloric acid averaged between 3 and 4 

per cent for the whole sample (see table 2). This agrees with the chem¬ 

ical analyses cited. The residues of the various limestone types were 

ccraposed predominantly of clay minerals of the kaolin group; other con¬ 

stituents were quartz, feldspar, chert, and pyrite in varying amounts. A 

trace of chalcedony was found in the insoluble residue of the medium¬ 

grained limestone in the coarse aggregate, and also in the Nos. 100, 200, 

and -200 sieve sizes of the fine aggregate. 

: luestone Dam aggregates 

43. The samples of manufactured coarse and fine limestone aggre¬ 

gates from Bluestone Dam (CRD G-6A, G-6B, and 0-6(3)) were made up of 

generally equidimensional, angular particles of medium to dark gray lime¬ 

stone, usually with rounded corners and edges. Considerable amounts of 

limestone dust, probably crusher dust, adhered to the particle surfaces. 

The sample was composed of about equal portione of medium-grained, 

oolitic, fossiliferous limestone, fine-grained argillaceous limestone, 
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and fine-grained silty limestone. The medium-grained oolitic limestone 

and the silty limestone were essentially fresh and dense; the argilla¬ 

ceous limestone was fresh, but contained many tight clay partings that 

may be affected by moisture or freezing-and-thawing. 

44. The insoluble residue after digestion in dilute hydrochloric 

acid averaged about 16 per cent for the whole sample (see table 2). This 

relatively high value was caused principally by the silty limestone, which 

contained about 31 per cent of insoluble material. The residues were com¬ 

posed essentially of very fine quartz grains with minor amounts of pyrite, 

mica, and montmorillonoid clay, which was present in very small quantities. 

Wolf Creek Dam aggregates 

45. The samples of manufactured coarse and fine limestone aggre¬ 

gates from Wolf Creek Dam (CRD G-?A, G-7B, and G-7(S)) were composed of 

approximately two-thirds medium-grained, fossiliferous, oolitic limestone, 

one-third fine-grained argillaceous limestone, and minor amounts of chert, 

calcite, and quartz. The particles were generally equidimensional, angu¬ 

lar to subangular, and light to medium gray or light olive gray. Some 

crusher dust was noted on the particle surfaces, but this was easily re¬ 

moved by washing. A few of the particles contained fractures or frac¬ 

tured surfaces having a tight coating of limonite with recrystallized cal¬ 

cite and dolomite. The fracture of the rock was generally independent of 

the apparent bedding but was probably slightly influenced by the ¡ imonite- 

covered surfaces or tight clay seams. Approximately 90 per cent of the 

limestone was fresh and dense; the remainder was slightly weathered, but 

was dense and coherent. Microscopic traverses by reflected light of sur¬ 

faces of several fragments of the two principal rock types indicated about 
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1 per cent of voids and open cracks, and about 6 per cent of narrow cracks 

in the medium-grained limestone. The argillaceous limestone contained 

only a trace of voids and open cracks and about 2 per cent of narrow 

cracks. Oolites from the medium-grained limestone appeared in the sand 

sizes as rounded grains. Dense, hard, banded, gray chert particles made 

up a small portion of the sample; these particles were associated with 

both of the limestones but were found more often with the argillaceous 

type. The 4 per cent of chert consisted essentially of chalcedony. 

46. The insoluble residue remaining after digestion in dilute hy¬ 

drochloric acid amounted to about 8 per cent for the No. 4- to 3/4-in. 

material, and about 4 per cent for the 3/4- to l-l/2-in. material. The 

residues were composed of clay minerals of the kaolin group, quartz sand 

grains, pyrite, mica, zircon, and sphene. 

I ile Hollow Dam aggregates 

47. The samples of manufactured coarse and fine limestone aggre¬ 

gates from Dale Hollow Dam (CRD G-8A, G-8B, and G-8(S)) were examined. 

Over 90 per cent of the coarse aggregate consisted of cherty, litho¬ 

graphic, and medium-grained, fossiliferous, oolitic limestone, which was 

fresh, dense, and tough. The most abundant constituent was the cherty 

limestone, which amounted to a little over half of both the No. 4- to 

3/4-in. and the 3/4- to l-l/2-in. material; a considerable part of the 

chert was chalcedony. This variety was composed of fine-grained calcite 

with varying amounts of chert disseminated through the fragments; some 

pieces contained nodules of dense, light bluish-gray chert. Minor con¬ 

stituents were vuggy, dolomitic limestone and sandy, dclomitic limestone. 

The fine aggregate sample consisted of materials similar to the coarse 

32673 
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aggregate, plus calcite, quartz, and minor amounts of other minerals. 

The coarse aggregate particles were generally pyramidal in shape. The 

surface texture was smooth on the cherty and lithographic limestones and 

slightly irregular on the other types. All of the particles were angular 

to subangular. 

48. The insoluble residue remaining after digestion in dilute hy¬ 

drochloric acid averaged about 12 per cent for both the No. 4- to 3/4-in. 

and the 3/4- to 1-1/2-in. material. The residues were composed of chert, 

quartz, clay of the kaolin group, and small amounts of other minerals. 

Chalcedony occurred in most of the residues. Clay usually made up less 

than half of the residue. 

il9* Although soft green shale is present in the quarry, and was 

observed in popouts in the hand rails and curbs of the roadway at the 

top of the dam, it was not found in the coarse aggregate sample received 

for examination. 

Center Hill Dam aggregates 

50* The most abundant constituent of the samples of manufactured 

coarse and fine limestone aggregates from Center Hill Dam (CRD G-9A, G-9B, 

and G-9(S)) was lithographic limestone, which made up about two“thirds 

of both the No. 4- to 3/4-in. and the 3/4- to l-l/2-in. material. The 

lithographic limestone was usually brown, but a gray variety was also com¬ 

mon. The remainder of the coarse aggregate sample consisted of sandy 

limestone and less abundant argillaceous limestone. The fine aggregate 

sample consisted of the same materials as the coarse aggregate, plus cal¬ 

cite and minor amounts of other substances such as quartz, feldspar, 

chert, and pyrite. The particle shape was usually pyramidal, but the 
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number of tabular and elongated particles increased in the smaller sieve 

sizes of the coarse aggregate. All the particles were angular. The sur¬ 

face texture was smooth on the lithographic varieties and slightly irreg¬ 

ular on the other types. Most of the particles of coarse aggregate con¬ 

tained irregular patches and layers of dolomitic limestone. The dolo¬ 

mite content was variable, ranging from 4 per cent for a particle of 

brown sandy limestone to 40 per cent for a particle of dark gray argil¬ 

laceous limestone. 

51. The insoluble residue remaining after digestion in dilute hy¬ 

drochloric acid averaged about 6 per cent for both the No. 4- to 3/4-in. 

and the 3/4- to l-l/2-in. material. More than half of the insoluble res¬ 

idue of each limestone type was composed of clay, mostly of the kaolin 

group, but with some illite. The remainder of the insoluble residue of 

each type consisted of grains of quartz, feldspar, pyrite, chert, and 

minor amounts of other materials. A portion of the chert was chalcedony. 

: i itcona Dam aggregates 

52. The samples of manufactured coarse and fine limestone aggre¬ 

gates from Allatoona Dam (MOB-2 G-3 and S-2) consisted of fresh, dense 

rock. The coarse aggregate sample consisted entirely of medium to dark 

gray, uniformly fine-grained dolomite with a sugary texture. There were 

numerous random light-gray calcite veins. The fracture was regular, with 

sharp corners and edges. There were some patches of white crystalline 

calcite. About 90 per cent of the fine aggregate sample consisted of 

particles of dolomite rock similar to that found in the coarse aggregate, 

about 10 per cent consisted of shady particles. A major constituent of 

the sand finer than the No. 100 sieve was individual cleavage fragments 



of single crystals of carbonate minerals; these are more easily broken 

down mechanically than are rock fragments. 

53* The insoluble residue remaining after digestion in dilute hy¬ 

drochloric acid was about 8 per cent of the dolomite rock of the coarse 

aggregate. A large part of this residue was montmorillonoid clay; other 

minerals found were quartz, mica, pyrite, feldspar, and garnet. Clay 

made up about 8 per cent of the sample tested. 

Bull Shoals Dam aggregates 

The most abundant constituent of the samples of manufactured 

coarse and fine limestone aggregates from Bull Shoals Dam (LR-1 0-69(2) 

and LR-1 0-69(2)3) was fresh, dense, dolomitic limestone, which amounted 

to nearly half of the coarse aggregate. Other major constituents were 

sandy limestone and highly calcareous, porous sandstone. A smaller 

amount of weathered and porous dolomite was present. The particles were 

angular to subangular; the particle surfaces varied from smooth to mod¬ 

erately rough, being influenced by the varying content of sand and clay. 

55. The insoluble residue remaining after digestion in dilute hy¬ 

drochloric acid averaged about 25 per cent of the sample. The principel 

substances found in the insoluble residues were quartz sand grains and 

clay. The clay was of the kaolin type except in the calcareous sand¬ 

stone, in which a montmorillonoid clay was found in small quantities. 

Chain of Rocks Lock aggregates 

56• Esí111* sPl”fi quarry. The coarse aggregate sample from the 

quarry of the East St. Louis Stone Co. at Falling Spring, Illinois, (STL-2 

0-1) consisted principally of relatively pure fine- to medium-grained 

limestone, including a large proportion of sublithographic to lithographic 
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limestone and medium-grained, fossiliferous, oolitic limestone. These 

varieties were fresh and dense. An appreciable quantity of argillaceous 

and porous limestone and minor amounts of argillaceous, stylolitic lime¬ 

stone and cherty limestone were present also. The particles were pre¬ 

dominantly angular to subangular. The surface texture varied from very 

smooth in the lithographic type to moderately irregular in some of the 

other varieties. 

57. The insoluble residue remaining after digestion in dilute hy¬ 

drochloric acid averaged about 5 per cent. The predominant clay present 

was found to be the montmorillonoid type except in the residue from the 

argillaceous, stylolitic limestone, which contained clay of the kaolin 

group. Montmorillonoid clay amounted to about 4 per cent of the total. 

58. Krause Quarry. The coarse aggregate sample from the quarry of 

the Columbia Quarries Company at Krause, Illinois, (STL-2 G-2) consisted 

principally of fine- to medium-grained, light gray limestone, which was 

fresh and dense. This material was essentially similar to the fine- to 

medium-grained varieties occurring at the Falling Spring Quarry. The re¬ 

mainder of the sample consisted of argillaceous and porous limestore, and 

a somewhat smaller amount of cherty, stylolitic limestone. This last 

variety probably corresponded to the argillaceous, stylolitic limestone 

and the cherty limestone which were differentiated as separate varieties 

in the sample from the Falling Spring Quarry. The particles were pre¬ 

dominantly angular to subangular. The surface texture varied from very 

smooth in the finest grained rock to moderately irregular in some of the 

other varieties. 

59. A chemical analysis of a rock sample from the quarry at Krause 
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7 
gave the following results in per cent by weight . 

CaC03 97-3 

MgC03 0.5 

AlpOo) 
3) 1.4 

Fe203) 

Si02 0.9 

100.1 

The variety of the limestone analyzed is not known; comparison of the 

analysis with the data on insoluble residues (table 2) suggests that the 

analyzed sample was one of the fine- to medium-grained varieties, free 

from che't, stylolites, and appreciable amounts of disseminated argilla¬ 

ceous or silty material. 

60. The insoluble residue remaining after digestion in dilute hy¬ 

drochloric acid averaged about 12 per cent. The residues were composed 

of chert, quartz, a montmorillonoid clay, and minor amounts of other mate¬ 

rials. Montmorillonoid clay amounted to about 4 per cent of the total. 

The unusually high proportion of insoluble residue found for the cherty 

stylolitic variety was due largely to grains of quartz of silt size; this 

rock might more aptly be called a calcareous siltstone. 
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PART V: PHYSICAL AND THERMAL PROPERTIES 

61. The physical and thermal properties of limestone aggregates are 

of considerable importance in their proper utilization in concrete. Sta¬ 

tistical studies have been made of the relationship between results of 

those physical tests performed on limestone aggregate materials that yield 

specific numerical values and the resistance of concrete to accelerated 

freezing-and-thawing. These studies indicate that, of these results, the 

coefficients of thermal expansion and the absorption show greatest rela¬ 

tion to resistance of concrete to freezing-and-thawing. 

62. A summary of various physical properties of the coarse aggre¬ 

gates is given in table 3* A more detailed listing of the coefficients 

of thermal expansion is given in table 5> which shows the directional ef¬ 

fects of the various specimen orientations on these coefficients. The 

results in the average column are given as simple averages for the three 

directions tested: in, across, and perpendicular to the bedding planes. 

A final weighted average based on percentage composition is also shown 

where indicated. In general, none of the aggregates had a very high 

degree of anisotropy; consequently, no great amount of care in their use 

is necessary in this respect. Some cases of deterioration due presumably 

to anisotropic thermal expansion have been reported. Coefficients of ex 

pension are also given in table 5 f°r a number of standard mortars pre 

pared with several of the fine aggregates used in these studies. The 

specimens tested in connection with Bui.. Shoals Dam were taken from 

hole No. 1 of the Flippin, Arkansas, quarry (LR-1 G-68) rather than from 

the actual quarry-run material (LR-1 G-69)■» but are considered to 
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representative of this limestone. 

63. A few miscellaneous tests were performed on certain of these 

limestones or on concretes composed from them. These included: (a) de¬ 

terminations of modulus of elasticity of LR-1 G-69, Bull Shoals Dam lime¬ 

stone and sandstone; (b) determination of thermal coefficient of expan¬ 

sion of concrete beams and cores prepared with LR-1 G-69; (c) determina¬ 

tion of diffusivity and specific heat of concrete prepared with LR-1 

G-69; and (d) determination of specific heat and diffusivity of limestone 

aggregates for Allatoona Dam (MOB-2 G-3). Results of these tests are 

given below: 

Aggregate Type of Specimen_Test_Results 

LR-1 G-69 Aggregate (limestone) Secant modulus of 6.5 x 10^ psi 
elasticity (lOOO psi) , 

LR-1 G-69 Aggregate (sandstone) Secant modulus of 5.3 x 10° psi 
elasticity (lOOO psi) , 

Thermal coefficient of 3.5 x 10-6 deg'1? LR-1 G-69 Concrete beams 

expansion 
LR-1 G-69 Mass concrete cores Thermal coefficient of 4.6 x 10'6 deg'1? 

expansion 
LR-1 G-69 Mass concrete cores Thermal diffusivity O.O50 ft^/hr 

LR-1 G-69 Mass concrete 

(crushed) 
MOB-2 G-3 Aggregate 

MOB-2 G-3 Aggregate 

Specific heat 0.24 B/lb-deg ? 

Thermal diffusivity O.C66 ft2/hr 

Specific heat 0.22 B/lb-deg ? 

These values may be considered as rather typical of limestone aggregates. 

No use is made of them in this report because of the limited number of 

tests and the scattered sources of the specimens. 
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PART VI: RESISTANCE TO FREEZING-AND-THAWING 

Test Results 

Sk. Thirty-three aggregate combinations tested for resistance to 

accelerated freezing-and-thawing are listed in table 6. They comprise a 

total of 186 concrete beams of three general classes: (a) limestone fine 

and coarse aggregates; (b) limestone fine aggregate with a standard dia¬ 

base coarse aggregate; and (c) natural nonlimestone fine aggregate with a 

limestone coarse aggregate. All except 20 beams completed 300 cycles of 

freezing-and-thawing, or suffered at least 50 per cent loss in dynamic 

modulus of elasticity prior to 300 cycles. Two specimens were cracked or 

broken in the course of testing, and the remaining 18 beams were removed 
« 

from the freezing-and-thawing apparatus between 200 and 300 cycles because 

of limitations of schedules and space for testing. In these 18 cases the 

durability factor at 300 cycles was estimated. All but 9 of the specimens 

were curei for either 9 or 21 days, with the 9 being cured for 365 days. 

Table 6 also lists the durability factor at 300 cycles for each group of 

3 beams, the difference in coefficients of expansion of coarse aggregate 

and mortar, and the length of curing in days. The results of all tests 

are summarized on the following page. 

65. The decrement in dynamic modulus with increasing number of 

freezing-and-thawing cycles is shown for each group of 3 beams on plates 

1 through l6. The trat results on the aggregate combinations listed on 

each plate, except plate 11, and in table 6 have been combined, where 

duplicate groups of specimens exist, so that only an average value and 

curve for each aggregate combination for each curing period are shovn. 



Sury of rrteilng-Md-thawln« Re«ult« 

(All values reprejant average 
Where no values are ehomi, 

era of three aInllar specimens tested eüniltaneously, except as noted, 
tests were not made because of Insufficient supplies of wegates. ) 

A1U- 

Alton 
Curing Period. Days: 9 

U and Ls 07(b) 
Ls and traprock 93(a) 
Std qtz sand and Ls 63(e) 
Other sand* and Ls 51(a) 

Bluestone 

9? 
93 
77 

96(a 
91 

92 
93 
L6 

Wolf Creek 

zmn 
92 95(a) 
9k 90 
76(d) 87 
7b 75 

Dale Hollow 
-ST" 

96(a) 
»7 
86 
8o 

Center Hill 
-TT~ 

Bull Shoals 

Chain of Hocks 
trog coi. 
Spring unbla 

92 
86 
70 
b2 

25 83 
Ub 
53 

77 81(a) 61(e) 6l(b,f) 55(g) 

25 
28 

23 
31 

(a) Average of ? sets. 6 specimens. 
(d) Avg of 1 set, 2 specimens, 1 crackeu. 

irr rage of b seta, li specimens. Averags or 3 «ti», 9 spec mans. . . 
(e) Avg of 3 sets, 8 specimens, 1 broke; sand graded to project spécifications, 

(f) Include, two ll».tone sands. (g) Av¿ of 7 sets, 21 speclswms. Includne two limeetonesande. 
• 'Uther sand" IndlcaUs Pine flat Dan sand for all but Chain of Bocks Lock speeinen, for which Mississippi River sand 

was used. 

66. The two sets of curves shown with open and solid symbols on 

plate 11 for Bull Shoals Dam limestone aggregates are discinct only in 

that the grading of the fine aggregate was differ eut. The curves marked 

with open symbols indicate that the fine aggregate was graded in accord¬ 

ance with the provisions of Method CRD-C 114; while the solid symbols in¬ 

dicate that the fine aggregate was graded to Bull Shoals project speci¬ 

fications. The curve on plate 11 marked "Tested in Falling Film Appara¬ 

tus" shows the effects on this combination of testing in a different ap¬ 

paratus, but the results are not included in table 6y or otherwise used 

in this report. 

67. In a number of cases, aggregates from the same source are con¬ 

sidered as distinct. This is because the samples of these aggregates 

were obtained at different times and the properties may not be considered 

as identical. The combinations show considerable differences in some 

cases, such as on plate l6 where Allatoona Dam limestone aggregate com¬ 

binations yielded DFE's of 6l and 94 for two different samples from the 

same quarry. Much of this variation was caused by the amount of included 

shale. Smaller variations are found among the Chain of Rocks Lock 
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limestone samples. The degree to which aggregate variations are respon¬ 

sible for the observed differences in resistance to freezing-and-thaving 

is difficult to evaluate quantitatively since it is not possible to eval¬ 

uate the effects of the concomitant variation in the concrete mixture 

designs. 

68. The differences between coefficients of thermal expansion of 

coarse aggregate and mortar (indicated as Ac throughout this report) 

shown on table 6 correlate well with the observed DFE's except for those 

combinations involving the material designated by symbol SAC-1 S-l. The 

SAC-1 S-l material contained considerable amounts of weathered granite 

and mica which contributed to lowered resistance to freezing-and-thawing 

of concrete in which it was present. Plate 1? shows the relation between 

resistance to freezing-and-thawing measured as DFE and these thermal co¬ 

efficient differences. The two lines shown are the regression lines for 

the two groups of specimens: line 1, non-Chain of Rocks Lock aggregates; 

and line 2, Chain of Rocks Lock aggregates. Both lines show the decre¬ 

ment in DFE with increasing Ac . The combinations representing Alla- 

toona Dam and Bull Shoals Dam aggregates were omitted from the statis¬ 

tical computation of these regression lines owing to sparsity oí 

69. The effects of duration of curing are shown on plate l8 for 

the 14 aggregate combinations teatwd after both 9- 21 days curi g 

The DFE's are plotted against the Ac with the effects of length of cur 

ing period shown as the difference between DFE's for different curing 

periods. 

70. The significance of these results will be discussed in more 

detail in a subsequent part of this repor’.• 
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Results of Examination of Concrete Sp^lm^ng after TVst 

71. An examination of the specimens after completion of the 

freezing-and-thaving test indicated that certain constituents were selec¬ 

tively affected by freezing-and-tbaving, as discussed below. 

a. 
77ton; 1116 constituents, green shale, weathered 

and Sh£dy li,Be8tone split, crumbled, and 
flaked. Minor spalling of dense limestone was also found. 

b. —‘ Th®»*« was a small amount of crumbling of 
^ when argillaceous or weath- 
Z+L i1®0 Sma11 aa,ounts of shale and a few particles 
of the dense argillaceous limestone showed disintegration. 

' 7116 concrete showed a little splitting of 
^oís írSr?e aüd crunblin€ of oolitic 1 inest on ef Some 
porous chert in the limestone had been disrupted. 

- 7— H°^OV\ A little disintegration of weathered lime- 
though not8f ÍÍÍÍ?g °t Shaly i-festone were observed. Al- 
soft^green î“ thC SaŒple received from Dale Hollow, 
tnîef in th pre8ent in SmaJL1 but significant qua^- 
JeraZ Z ^ in the concrete of the dam. Nu- 
with^rr*5Ui8ihaVe occurred in the handrail and curbing 
with green shale particles showing in the bottoms Tfthe 

stoir^äj-iaiii1^1* 8plittin« of shale and shaly lime- 
gregate y Wfathered shale, was found. Some ag- 
little flaking of 1088 of ooTites or fossils. A 

e i taking of limestone was apparent. 

f. 

-hain of Rooifp 

ïïrtlclM wer. obsiÍvM ^ ai8ruPtlon of 
present In the quarry 'ud attire * °f Shale 
«regate. About 10 Mr íe Í f"11* Ume8 ln the a«' 
in a small sample of the JL e 8íaly was found p e 01 the manufactured sand. 

Crete vere^paUiniTofCiPal failure8 observed in the con- 
eeuthered CrU^Un« of 
Of thin-bedded doloifte^ ^ f iolomite> ^ splitting 

sí¿ieeatUth^ bottLiít6 Were observed with disrupted 
' some crumbling of sandstone 

■ » .:: '» 
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was found, and there were a few disrupted chert par¬ 

ticles. No sandstone had been found in the petro¬ 

graphic sample. 

(2) Falling Spring Quarry. A little disintegration of 

porous and weathered limestone was noted; occasional 

chert popouts were observed. There was also some 

failure of stylolitic limestone, splitting of shale, 

shaly limestone, and lamellar limestone, crumbling 

of sandstone and flaking of limestone. No sandstone 

had been found in the petrographic sample. 
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PART VII: DISCUSSION OF RESULTS 

72. Some interrelations of the data set forth in parts IV, V, and 

VI are discussed in the following paragraphs. 

Eifects of Composition of Limestone Aggregates on 

the Performance of Concrete 

Type of clay 

73- The association between type of clay and DFE is statistically 

significant for the 9 limestone aggregates tested. In five samples, those 

from Alton, Wolf Creek, Dale Hollow, Center Hill, and Bull Shoals, the 

clays were principally kaolin and the DFE's of beams containing limestone 

coarse and fine aggregates cured 9 days were above 80 (see table 3). Four 

samples, those from Allatoona, the two from Chain of Rocks, and Bluestone, 

contained montmorillonoid (swelling) clay; three of them had DFE's below 

80. Use of the chi-square test* indicates that the probability is less 

than 2 in 100 of chance occurrence of the association between swelling 

clay and DFE below 80. 

7k' ^ Bluestone sample contained a very small amount of mont- 

tnorillonoid clay and had a DFE of 92. Both Chain of Rocks aggregates con- 

tained about k per cent montmorillonoid clay; the Allatoona sample tested 

ontained almost 8 per cent. If the type of clay were the only determin- 

t would be expected that the Allatoona materials would yield 

lover DFE's than the two from Chain of Rocks, which was not the case. 

The interaction of several f'nr.+n».«. 
____ ctors serves to explain the result. First, 

3-9^, pp 85-92! tatlstical Methods for Research Workers" Tenth Edition, 
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both the Chain of Rocks samples contained porous argillaceous limestone 

in which the insoluble material was all montmorillonoid clay, while the 

Allatoona rock was mor. uniform and of lower average absorption. Second, 

both Chain of Rocks samples contained more cracks and voids than the Alla¬ 

toona sample. Third, the Allatoona rock was dolomite, with a higher co¬ 

efficient of thermal expansion and consequently a smaller difference in 

thermal coefficient between coarse aggregate and mortar than that found 

for the calcitic limestones from Chain of Rocks. 

75. The influence of arrangement of clay in limestone, regardless 

of type of clay, is discussed in paragraph 77* 

Shaly limestone 

76. When clay minerals in a limestone are concentrated in distinct 

layers, which are referred to as shale partings if they are thin, the 

rock will break easily along such layers; if the spacing of these part¬ 

ings is close, they may set a limit to the size of coarse aggregate which 

can be produced. They will also contribute weak, porous, shaly material 

to the finer sizes of the crushed stone or to manufactured fine aggregate 

prepared from it. Coarse aggregate pieces that include shale layers or 

partings will tend to fail along those layers in freezing-and-thawing, 

since the shale is usually less resistant than the limestone to that at¬ 

tack. Inspection of the quarry or outcrop is necessary in order to ob¬ 

tain adequate information regarding the presence of shale partings and 

their probable influence on suitability of the rock or on quarrying oper¬ 

ations. As the rock tends to break along these shaly la/ers, samples 

other than complete cores received in t ie laboratory may not reveal their 

presence, or at best may indicate them only indirectly by the presence of 
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shale particles in the finer sizes. 

Argillaceous limestone 

rr. cuy nlnerals ln llMstone that are Dot concMtrated in ^ 

t layers of shale or along atylolltes are ordinarily not visible to 

the unaided eye. ^e day «y be dl.tnbuted In several .ays, which b,,, 

different effects on the resistance of the rock to weathering. The less, 

harmful condition la fine dissemination of the clay minerals at ramio, 

throughout rook of low poro.1*» The clay may occur as films arcual 

P-alns of calcite and „uarts and around fossils or oolites, this less,os 

the cohesion of the rock, and pits the clay U a position where It b, 

easily reached by water If the clay film. ^ au.face of ^ 

particle, a third mode of occurrence of clay in argillaceous limestones 

is in microscopic films parallel to the heddl^; this may easily lead to 

fitting of the rock. Whatever the mode of occurrence of the clay, Its 

tlveness as a cauae of weathering of the rock tends to vary directly 

with the permeability of th*. 
rock and the types of clay minerals present. 

The absorption (table 3) gives 
h. .. 6 80,ne “»Mure of permeability. Clays are 
highly porous and absor-n+i 

Ve Ut the 8welling clays are virtually imper¬ 
meable when saturated. Th* 
the readily «ater can penetrate to the clay, 
cne greater is « 

~ of th. to - - — - - - » - 
-tes 11,^ „y te. t -th-lng. Even In mild ell- 

lDe along uet c. ° 8PlU ^ lilsint*8i'«e aa a result of weaken- 
a iiniQ JI0 _ ■* 

crystals fnoodi P tD*a» along atylolltes, or around 
* dossils or oolites. 

^üâJLiimest-one 

W- Mattered, well...^ 
quartz grains in a limestone may not 
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affect its suitability appreciably; they may show some tendency to con- 

citrate in certain sizes of manufactured fine aggregate, giving these 

sieve fractions an unexpected composition and thermal behavior. Where 

sand grains are numerous and close together they may tend to cause crum¬ 

bling in freezing-and-thawing. Smooth-surfaced, highly rounded quartz 

grains are not mechanically well-bonded in a calcite matrix; the thermal 

differences between the grains and the matrix will assist in weakening 

the mechanical bond. The Bull Shoals aggregate contained more sand than 

any of the others in the group, and failures of coarse aggregate by crum¬ 

bling were noted in the freezing-and-thawing beams. This was observed, 

to a lesser extent, in samples from Falling Spring and Krause, both for 

the Chain of Rocks Project. By an increase in the proportion of sand, 

sandy limestone may pass into calcareous sandstone, as is the case with 

the Bull Shoals aggregate. Such material is likely to be porous 

consequent weakness in freezing-and-thawing. 

Oolites 

79. Some oolitic limestones tend to disintegrate on »eatherlng by 

failure of the bond between the oolites and the matrix. This Is espe¬ 

cially likely If a clay film surrounds each oolite. The oolitic lime 

stones prominent In many of these samples appeared to be mostly fresh and 

dense, usually with low porosity and only a little tendency to dlainte- 

grate in freezing-and-thawing.' 

Cracks and voids 

80. A rough but fairly definite correlation exists between BFE and 

the percentage of cracks and voids. In general, an appreciable amount of 

open spaces, as vugs and wide and narrow cracks, 1. associated with low 
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DFE and a tight compact rock is associated with high DFE (table 3). The 

Bull Shoals aggregate had the lowest DFE's of any samples in which the 

clay was kaolin, and also had the most cracks and voids. 

Schurecht's Ratio 

81. It is concluded that Schurecht's ratio is worthless for the 

evaluation of aggregates. It shows no correlation whatever with DFE, 

sulfate loss, or even absorption to which it is related (table 3). 

Resistance to Freezing-and-thawing 

82. The resistance to accelerated freezing-and-thavlng as Indicated 

by the DFE at 300 cycles is in general good for the concrete made with 

the manufactured coarse and fine limestone aggregates, although there are 

some discrepancies. The average DFE at 300 cycles falls between 81 and 

92 for the aggregates from Alton, Bluestone, Wolf Creek, Dale Hollow, 

enter Hill, and Bull Shoals. For the Chain of Rocks project the Krause 

quarry material gave an average of 55, while the Falling Spring quarry 

material gave an average of 61. Ambiguous results were obtained for the 

material, one set of six beams had an average DFE of 93 

cycles (range 92-^), while another set of six bea« had an average .. 

300 cycles (range 58-63). The resistance of concrete to acce 

.rated freetlng-and-thawing la dependent upon many factors. In the te 

discussed in this report, it la considered that the mixture designs ar 

of uniformly high quality, and that the behavior observed Is Indicatlv 

Of the quality of the aggregate combination tested. 

83. Previous work has shown that concrete, composed of limestone 



aggregates are rather sensitive to variations in the amount of entrained 

air. Therefore, results on all combinations having plastic air contents 

outside the range M + 0.5 per cent were discarded from this discussion 

with but two exceptions. The exceptions were both combinations of stand¬ 

ard sand and Alton limestone, and were allowed since the DEE's did not 

significantly vary from those found in similar combinations where the air 

content was in the allowed range. One of these exceptions had a low air 

content, and the other a high air content. Since, except for these two 

groups, all specimens were within the tolerance for air content, no fur¬ 

ther consideration of the effects of air content upon the resistance to 

freezmg-and-thawing was felt necessary. This is justified on the b 

of previous statistical analyses for similar tests. Similarly, based on 

previous work, the effects on resistance to freezing-and-thawing of var¬ 

iations in cement factor and sand-aggregate ratio ere considered negli¬ 

gible for these specimens. All were made with a constant water-cement 

ratio and specified consistency, and no effects are expected as a result 

of variation in these properties. 

04, Thus, hecauss of the standardly nature of the concretes, the 

principal reasons for variations In resistance to freetlng-and-thawlng 

of concretes cured for the sane period are sought In the properties of 

the aggregates. The najor quantitative factors have teen found to he the 

absorption of the coarse aggregate, and the difference between coefficients 

of thermal expansion of the coarse aggregate and the mortar. Plate 7 

shows two regression line, relating the DFE and dc of two groups of 

•lg Unp 1 was obtained from the data for the 
concretes. The upper line, line , 

following aggregates: 



CRD O-lt Alton limestone 

CRD 0,-6 Bluestone Dam limestone 

CRD 0-7 Wolf creek Dam limestone 

CRD 0-8 Dale Hollow Dam limestone 

0-9 Center Hill Dam limestone 

It has the equation: 

which indicates that as < 

thawing me leases, the resistance to freezing-and 
nawing, measured as DVíp a 

tained f ^ l0Wr “n. ^ - ot- tained from the data for th» pu a 

equation: ” °f L°Ck It has tl 

^ - 13.31AC 

also shows the inverse DFE a 

difference Between the two lines at a ^ Addltl0nallJ" 

to Show the difference In qUality of ^ ^ ^ ^ 

Chal” * ^ — are the onl^/T ^ ' 
contain more than a- th6 Sr°UP °f 8even tha1 

- higher abs„rpLrTrtm°rIUOn0ld (8VeU1"e, ^ ^ " 

decreasing DFE .t^’. ' ^ ^ ^ 3’ “d ^ 8h°“ « mester 
lth tncreaslng 4c . 

®5- The effects of curlnw 

toen ccmblnatlons all tak ^ ^ *” Sh°Wn “ Plate 18 f0r four 
’ 11 taken from the fim* 

those sets of soetHm Sr°up above. In general, 
apecimens cured for pt w 

than those cured for a 9 °ent hl«her ^ 

«easing superiority of the 21 a f ln‘er“t Is the In- 

—ate. the. the addition^ ^ ^ ^ ' 

mT" ln the — - withstand to a ^ T ^ ^ ' 
% greater degree the stresses 



imposed by the differential expansion of the coarse segregates and mortars 

86. The stresses set up In concrete by the different coefficients 

of thermal expansion of coarse aggregate and mortar are given approxl- 

sately by the formula a . TE 4c , «here a Is the stress at the Inter¬ 

face, T is the temperature change from the equilibrium (no stress) 

dition, E is the modulus of elasticity, and 4c Is the thermal coef¬ 

ficient difference between coarse aggregate and mortar. Since the prob¬ 

ability of cracking Increases with the stress, reduction of the stresses 

1„ concrete to the lowest value commensurate with other objectives is im¬ 

portant. This may he done by reducing either T , E , or 4c 

dually or collectively. Limitations on cement factor and placing temper¬ 

ature will reduce the temperature change T for mass concrete, and have 

been successfully applied within recent years to an Increasing degree. 

Lowering the cement factor, increasing the water content, replacing psrt 

of the cement - all will tend to lower the modulus of elasticity to some 

extent. This, however, may conflict with structural, placement, or 1m- 

Perviousness requirements and the effectiveness of such procedures thus 

has limits. The 4c may he reduced by using fine aggregates manufac 

.. than using sands with high ther- 
tured from the coarse aggregates, rather 

mal expansion. 

87. Limestone aggregates are smre susceptible to the effects of 

these thermal stresses than are many other types of aggrega 

so principally because limestones as a group have quite low coe 

of thermal expansion, and high Ac values with siliceous sand mortars 

are common, ^us high stresses may be encountered. The Ac values 

should be Kept as low as possible. Similarly, atones with low 
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absorption and as little swelling clay as possible should be used if fea 

sible. Curing should be continued as long as possible, particularly 

where high Ac values must be tolerated and the concrete is subject to 

exposure. 

88. The effects of thermal diffuaivity, specific heat, and modulus 

of elasticity on resistance to freezing-and-thawing of concretes contain¬ 

ing limestone aggregates have not been quantitatively determined. The 

thermal effects other than those due to coefficient of expansion differ¬ 

ences are believed to be of minor significance, and the elastic modulus 

effects are thought to be as described above. 

Relations of Various Properties 

Relations of absorption, insoluble 

residue, and resistance to freezin«- 
and-thawing_ ^ 

89. As seen in table 3, the absorption was less than one per cent 

or the Bluestone. Wolf Creek, Dale Hollow, Center Hill, and Allatoona 

ggregates, for the other limestones the absorption was between one and 

0 per cent. The Alton material, with an absorption of 1.1 per cent, 

contained only 3 per cent of insoluble materials. The Bull Shoals dolo- 

mitxc aggregate, with an absorption of 1.4 per cent, contained 25 per 

of insoluble materials, but the greater part of this was quartz sand. 

The limestone from the Falling Spring Quarry, Chain of Rocks project, had 

an absorption of 1.2 to 1.6 per cent and contained 5 per cent of insoluble 

residue, mostly swelling clay. Tfce limestone from the Krause Quarry, 

Chain of Rocks project, had an absorption of 1.6 to 1.8 per cent and con¬ 

tained 10 per cent of iDflolubie re8idue inciuding considerabie chert in 



addition to swelling clay. It is worthy of note that the two Chain of 

Rocks aggregates, which showed the highest absorption, also gave the 

lowest values of DFE at 300 cycles of freeslng-and-thawlng (if the lower 

of the two disagreeing sets of results for the Allatoona material is dis¬ 

regarded). Similarly the other aggregates having absorptions greater 

than one per cent, Alton and Bull Shoals, have DFE's lower than the re- 

mainder of the aggregates for which the absorption was 1« a than one per 

cent. 

90. Apparently no correlation exists between DFE at 300 cycles and 

total insoluble residue, since high or low Insoluble residue Is associated 

wit,, both high and low DFE; however, if the nature of the residue Is 

taken into account, a good correlation emerges. Examination of cases In 

which a high amount of Insoluble residue is associated with high DFE re¬ 

veals that the high residue consists Isrgely of chert, sand, 

When only the clay content of the residues Is considered. It Is found 

that high OFF accompanies a low clay content, and that the DFE decreases 

with increasing clay. In the case of the Falling Spring <*arry rock for 

the Chain of Hocks project, low insoluble residue is associated with low 

DFE; however. In this case, the absorption Is one of the highest found, 

the residue is nearly all clay, and the most porous vsrlety of limestone 

in the sample is an argillaceous type containing montmorlllonold cl*,, 

with a variety of more or less Independent factors active, it should not 

be expected that perfect correlation of behavior with any single factor 

vill be found. 

/¡ 

___ 



PART VIII: SUMMARY AND CONCLUSIONS 

91- The tests described in this report showed the resistance of 

freezing-and-thawing of concretes containing 7 of the 9 aggregates tested 

to be inversely proportional to the difference between coefficients of 

thermal expansion of the coarse aggregate and the mortar. This relation 

was shown to hold for two groups of aggregates of different quality al- 

though the actual values depended on the quality of the aggregates. Data 

for the other two aggregates were not sufficient to afford correlations. 

92. Ihe principal factor related to the difference In quality be- 

tween the two groups was the type of clay mineral present. The two lime¬ 

stones giving the lowest DFE's were those in which a montmorlllonoid 

(swelling) clay was present aM amounted to about h per cent of the whole 

sample. When the results for all 9 aggregates were grouped by clay als- 

aral present and DFE above and helo» fio, the association between swelling 

clay and DFE below 80 was statistically significant. All of the lime¬ 

stones in which the ciay mineral belonged to the kaolin group had DFE's 

above Ö0. 

93. The results also demonstrated the increased free: Ing-and- 

thawlng resistance obtained by an increase in curing period, particular* 

for greater values of Ac . 
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c(*TF ic nmre <r thcrml kxpmbior or ldbjtow: acqricates 

Coefficient or ( 

Ser 1>1 Mo. 

CRD (M 
CRD O-M«) 

CRD 0-6 
CRD 0-6(e) 

CRD 0-7 
CRD 0-7(>) 

CRD 0-8 
CRD 0-8( •) 

CRD 0-9 
CRD 0-9(•) 

Source 

Alton, Ill. 
Alton, Ill. 

Blueetone Den 
Blue« tone Dea 

Wolf Creek Dm 
Wolf Creek Dm 

Dele Hollo» Dm 
Dele Hollow DM 

Center Hill Dm 
Center H1U Dm 

gtenderd fine Georgetown, MM. 

Ctenlnrd conree Hew Hnven, Conn. 

SAC-1 8-1 

LR-1 0-68( B,D) 
LR-1 0-68(A) 
LR-1 0-68(C) 

StD-2 0-1 

StL-2 0-l(k)« 
StIy-2 0-1(5) 

StW 0-1( 5 )• 

8Ue2 0-* 

StL-2 0-2( •) 

pine rut Dm 

rllppln. Ark. 
rlir;ln. Ark. 
rllppln, Ark. 

ml ling 
Pel ling 
mi line 
millng 
miung 
mu mg 
millng 
millng 

Krause, Ill. 
Krause, Ill. 
Krause, Ill. 
Krause, 111. 
Krause, Ill. 
Krause, Ill. 

StL-2 s-1 and 2 Krause, Ill. 

Hob-2 0-3B 
Hob-2 Q-ÎB 
Hob-2 0-3B 
Hob-2 0-3 
ltob-2 O-JC*)« 

AlUtoonn DM 
AlUtoonn DM 
AlUtoonn Dm 
AlUtoonn Dan 
AlUtoons Dm 

Description 

Spring, Ill. 
Spring, IU. 
Spring, Ill. 
Spring, Ill. 
Spring, Ill. 
Spring, Ill. 
Spring, Ill. 
Spring, Ill. 

Unreal aqnnslon x 10/Deg r 
"TH Across perpend lc\i! nr 

Bedding Bedding 
plane Plane 

Lines tone 
LUeatone sand aortar 

11—tone 
Llnestooe sand aortar 

Linestone 
Linestone sand aortar 

Unsatooe 
Linestone sand aortar 

Linestone 
Linestone sand aortar 

natural sand aortar 

Diabase 

natural sand aortar 

Dolcalta - rich linestone (70#) 
Sandstone (22#) 
Calcite - rich lUestooe (»#) 

Lithographic U (no orientation) 
Hed gr foes 11. U w/ch«rt bands 
U »/stylo, partings and chert Incl. 
Linestone ««ad aortar 
Coarss gr stylo. U 
Tine gr dsrk gray U 
Had gr light grsy U 
Linestone send aortar 

Denae nottied linestone 
Dense llMStone 
Dense style, cherty lUestoM 
Arg. U v/lSMlUr structures 
Arg. U »/globular structures 
LUaestone sand nortar 
Rlrer sand nortar 

Shaly liaestons 
Veined nonshaly llaestone 
U w/llttle shaU 
gonshaly llaestone 
Unsstons ««ni nortar 

(a) Data not nvalUbU on Indlrldual 
(b) Orientât loa not appllcebu to tests on aortar. 
(c) Average of 7 spsclnans. 
(d) Average of 8 • pac mens. 
(e) Average °f 6 epeclnene. 
(f) Weighted. 

Bull Shoals Dm llaestone taken fren Pllppln, Ark. Quarry. 
Chain of Rock. lock. llM.tom Uksn fr« F.ning Spring, XU., 
AlUtoona Dm 1 Ins stone taken fron ShlMll Quarry. 

(») 

0>) 

(a) 
(h) 

(a) 
<b) 

(a) 
(h) 

(h) 

(a) 

(6) 

4.8 
5.9 
1.9 

1.6 
2.4 
1.8 
(b) 

2.1 
3.0 
2.4 
(b) 

2.1 
2.4 
2.0 
5.4 
3.7 
(¾) 
0>) 

4.8 
4.4 
4.8 
5.1 
(b) 

(•) 
0>) 

'a) 
(b) 

(a) 
(b) 

(а) 

(б) 

0>) 

(a) 

(b) 

4.8 
5.7 
1.9 

1.4 
3.0 
2.1 
(b) 
2.1 
1.3 

1.9 
2.3 
1.9 
5.2 
4.1 
(b) 
(b) 

5.5 
4.7 
5.0 
4.4 
(b) 

To Beddlm, 
Pina. 

(•) 
(b) 

SI S) SI 
(a) 
Cb) 

(a) 
Cb) 

(a) 
(b) 

(b) 

(a) 

Cb) 

4.8 
5.7 
1.9 

2.4 
3.0 
2.8 
(b) 
2.8 
2.7 

fc! 
1.8 
1.8 
1.6 
5.0 
2.7 
(b) 
(b) 

5.1 
4.7 
4.6 
4.8 
(b) 

and Coluabla (Krause) Ill. (>iarrles. 

4.8) 
5.8) 4.8(f) 
1.9) 

1.8) 
2.7) 2.2 
2.2) 
4.8 
2.3) 
2.3) : 
2.9) 
4.6 

1.9) 
2.2) 
1.8) 2.9 
5.2 
3.5) 3.5) 
4.4 
6.2 

5.1) 
4.6 4.9 
4.8) 
4.7) 
6.2 



Table 6 

RESULTS Of FREEZING-AJTD-THAWING TESTS ON LIMESTONE AGGREGATES 

Fine Aggregate (a) Coarse Aggregate (a) Source 

Imrnbim.y 
Factor at 
300 Cyclea Ac No. Beamr, 

Day» 

CRD G-U(s) 
Standard 
SAC-1 S-l 
CRD O-U(b) 
CRD G-6(s) 
Standard 
CRD Q-6(b) 
CRD G-6(b) 
CRD G-6(b) 
CRD G-6(s) 
Standard 
CRD 0-6(b) 
CRD 0-7(b) 
Standard 
SAC-1 S-l 
CRD G-7(b) 
CRD G-7(s) 
Standard 
SAC-1 S-l 
CRD G-7(b) 
CRD G-8(s) 
Standard 
SAC-1 S-l 
CRD G-8(b) 
CRD 0-8(b) 
Standard 
SAC-1 S-l 
CRD 0-8(s) 
CRD 0-9(8) 
Standard 
SAC-1 S-l 
CRD 0-9(e) 
CRD 0-9(s) 
Standard 
S/.C-1 S-l 
CRD 0-9(s) 
LR-1 0-69(8)b 
I*-l 0-69(2)8 
SU-2 0-2(b) 
Standard 
StL-2 S-l and 2 
StL-2 0-l(5)s 
StL-2 G-2(b ) 
Standard 
StL-2 S-l and 2 
StL-2 0-l(L)s 
StL-2 0-l(6)s 
Mob-2 0-3(8) 
Mob-2 0-3(U)b 
Mob-2 0-3(8)2 

CRD 0-4 
CRD 0-4 
CRD 0-4 
Standard 
CRD 0-6 
CRD 0-6 
Standard 
CRD 0-6 
Standard 
CRD 0-6 
CRD 0-6 
Standard 
CRD 0-7 
CRD 0-7 
CRD 0-7 
Standard 
CRD 0-7 
CRD 0-7 
CRD 0-7 
Standard 
CRD 0-8 
CRD 0-8 
CRD 0-8 
Standard 
CRD 0-8 
CRD 0-8 
CRD 0-8 
Standard 
CRD 0-9 
CRD 0-9 
CRD 0-9 
Standard 
CRD 0-9 
CRD 0-9 
CRD 0-9 
Standard 

I*-l 0-69(2) 
IH-1 0-69(2) 
StL-2 0-1 
StL-2 0-1 
StL-2 0-1 
StL-2 0-1(5) 
StL-2 0-2 
StL-2 0-2 
StL-2 0-2 
StL-2 0-2(4) 
8tL-2 0-2(5) 

Mob-2 0-3(A and B) 
Mob-2 0-3(4) 
Mob-2 0-3(3) 

Alton, IU. 
Alton, Ill. 
Alton, Ill. 
Alton, XU. 
Bluestone Dan 
Bluestone Dan 
Bluestone Dan 
Bluestone Dan 
Bluestone Dan 
Bluestone Dan 
Bluestone Dan 
Bluestone Dan 
Wolf Creek Dan 
Wolf Crees Dan 
Wolf Creek Dan 
Wolf Creek Dan 
Wolf Creek Dan 
Wolf Creek Dan 
Wolf Creek Dan 
Wolf Creek Dan 
Dale Hollow Dan 
Dale Hollow Dan 
Dale Hollow Dan 
Dale Hollow Dan 
Dale Hollow Dan 
Dale Hollow Dan 
Dale Hollow Dan 
Dt'le Hollow Dan 
Center Hill Dan 
Center Hill Dan 
Center Hill Dan 
Center Hill Dan 
Center Hill Dan 
Center Hill Dan 
Center Hill Dan 
Center Hill Dan 
Bull Shoals Dan 
Kill Shoals Dan 
Falling Spring, IU. 
Falling Spring, HI. 
Falling Spring, Ill. 
Falling Spring, Ill. 
Coluabla Quarry 
Colunbla Quarry 
Colunbla Quarry 
Colunbla Quarry 
Colunbla Quarry 
Allatoona Dan 
Allatoona Dan 
Allatoona Dan 

87 
63 
51 
93 
92 
77 
93 
96 
91 
92 
46 
93 
92 
76 
74 
94 
95 
87 
75(b) 
90(b) 
92 
70 
42 
86 
96 
86 
80 
87(b) 
90 
44 
53 
83 
95 
7Kb) 
7 )( b) 

sæ 
61(d) 
64 
25 
28 
60 
75 
23 
31 
42 
62 
61 
92 
94 

2.3 
4.6 
3-4 
0.8 
2.4 
4.7 
0.8 
2.4 
0.8 
2.4 
4.7 
0.8 
2.4 
4.7 
3-5 
0.8 
2.4 
4.7 
3.5 
0.8 
2.1 
4.1 
2.9 
1.1 
2.1 
4.1 
2.9 
1.1 
2.7 
4.9 
3-7 
0.9 
2.7 
4.9 
3-7 
0.9 

2.2 
4.8 
4.0 
2.1 
1.5 
4.1 
3-3 
1.9 
1.7 
1.3 
1.5 
1.5 

9 
12 
6 
6 
3 
3 
3 
6 
3 
3 
3 
3 
3 
3 
3 
3 
6 
3 
3 
3 
3 
3 
3 
3 
6 
3 
3 
3 
3 
3 
3 
3 
6 
3 
3 
3 
6 
9 
3 
3 
9 
6 
3 
3 
3 
9 
9 
6 
3 
3 

9 
9 
9 
9 
9 
9 
9 

21 
21 

365 
365 
365 

9 
9 
9 
9 

21 
21 
21 
21 

9 
9 
9 
9 

21 
21 
21 
21 

9 
• 

9 
9 

Cl 
21 
21 
21 

9 
9 
9 
9 
9 
i 
9 
9 

‘ 

9 
9 
9 
9 
9 

(a) 

(b) 

(c) 

(d) 

with fine or^oârse aggregate sannles T*1110*1 Ul* a" coarM or fine aggregate 
and coarse aggregate^bKi"“ “ mh*r th“ “ ot * ** flr* 

or schedule b*tween 200 and 300 cycles, because 
DFE's of 3 beans tested in^oth!; ♦ * HÜ** «tlmated DFE's at BOO cycles, 
fron this table. type of fr***ing-and-thawlng apparatus are excluded 

These specimens were cast usina nroler* -- ,, 
grading specified for freezin^aL^wi^.t. ««regate rather than CRD-C 114 



DATA SHEETS 



iTATC Ill* 
LAT 3gj| 

lab SYMBOL NO.-- _ CRP g.-A 
LOCAT ION Quarry looted ln MadUqp County nor Alton,, Hl 

sampled By 

TESTED FOB; Comparison of llacstonea_ 

processing before testing Manufac tur e d «and produced at laboratory 

INDEX NO 

LONG 99JL 

AGCREGATE 
DATA SHEET 

TESTED BY: 
m. 

DATE. May 1^47; 
TYRE OF MATERIAL: LlMStOUC 

producer Mississippi Ll»e Co»» Alton, Ill. 

GEOLOGICAL FORMATION AND AGE 

GRADING (CRD-C 103/CUM *r«> PASSING) TEST RESULTS 
3-9* ,*-3* 

<C> . 
•4-r 

(e) 

FINE 

AGO. 

SltVE 3-6 " it-s* I* ** -4-r 
FINE 
AGG BUCK SP. GR , SAT SURF DRY (CRD-C 107,106): 2TS7 

6 IN ABSORPTION, PER CENT (CRD-C 107,108): L.l 

5IN ORGANIC IMPURITIES, FIG. NO. (CRD-C 121): 1) 

4 IN SOFT PARTICLES, PER CENT (CRD-C ISO) * I.7 
3 1N PER CENT LIGHTER THAN SP. GR. (CRD-C 129) = 

IN. PER CENT FLAT AND ELONGATED (CRD-C 119,120): b.2 

2 IN WEIGHTED AV. % LOSS, S CYC. M9SQ»(<t> $ -1*, ^4-^)(090-( IIS) J.b 

1 ^ IN. 9k ABRASION LOSS (L. A ),•*>, (CRD-C 117): ï6.6 
1 IN 36 UNIT WT., LB/CU FT (CRD-C 109): 1 10 b. 

1 'N. 6 CLAY LUMPS, «lb (CRO-C MB) 

4 IN 2 
COAL ANO LIGNITE, *b (CRD-C 122): 

I'N 1 
SPECIFIC HEAT, 6TU/L6/DEG. F (CRD-C 124): 

NO 4 1 99 REACTIVITY WITH NoOH (CRD-C I2B): ScfmM/L 

RcjmM/L; 
NO 8 87 
NO. 16 MORTAR-MAKING PROPERTIES (C 

typt TXT CEMENT, RAT 10_3- 

RD-C lit) 

.0 7 _ DAYS, HO 
NO 30 

.DAYs^y 

NO 50 "ar linear thermal expansion xio *oeg. r. (CRD-C 12 5,129): 

NO 100 “T ROCK TYPE PARALLEL ACROSS ON AVERAGE 
-1.- 

NO.200 
2.4 

- 200“1 ?i^ 

2x6 ' 
— 

I«) CRD-C IOS (b)CAD-C 104 MORTARi 

FINE AGGREGATE COARSE AGGREGATE 

mortar-B.LR EXPANSION AT 100F, *70 (CRD-C 123)- 
3 MO. 9 MO. 9 MO. 12 MO. 3 MO. • MO. 9 MO. 12 wa 

LOW-ALK CEMENT: «To Na,0 EQUIVALENT: _ 

SOUNDNESS IN CONCRETE (CRD-C 40, 114)= 
r » T HW-CO MD-CW 

FINE AGG n.llYS^ COARSE AGG: Q-4 _PfE>>0 85 
- 

fine AGG CRD 3td Sd_COARSE AGG: Q-4 __OFE^ççJ 70 L- 

PETROGRAPHIC DATA (CRD-C HT): 

REMARKS: 

Data 





kocAT^oN Quarry"near Wolf Ci-eck Dm located in Ru»»ell County, Ky., 

ï of Ky.— - 

ftwldent Fnfflneer. .Twtoim. Ky. »• ncoXy ^ -^... r" ■ — --r 

tcsnc Vo« rmnarlaon of Tlwtone« (Wolf Creek Pafti 
Bcrowc rtsnNc Manufactured »and received frgp field. 

BULK SP 0« , SAT SUBF OUT (CRD-C 107,'08) 

ABSORPTION, PtR CENT (CRD-C IQT,I0S): 

ORGANIC IMPURITIES, flG. NO. (CRO-C 121): 

SOFT PARTICLEy, PER CENT CCRQ-C I30): 

abrasion loss (l. a ),«>». (CRD-C mt) 

UNIT WT., LB/CU ET CCRD-C 106); 

CLAT LUMPS, to (CRD-C I IB) 

COAL ANO LIGNITE, *fc (CRQ-C 'ZZ)i 

AGGREGATE hcsTEO by CRD 
DATA SHEET |pate >fcy ife 

type or material: LimeBtone 

I TEST RESULTS I 

PER CENT LIGHTER than SP OR..CCRQ-C IZ9): 

PER CENT FLAT ANO ELONGATED fCRD-C 119,120) 

3“ • .*-3' 

2M2M2J 

WEIGHTED AV. % LOSS, S CYC. MgSQ. (<c> ^-I*, *A~ j)(CRO ~r» IIS) 

SPECIE 1C HEAT, BTU/LB/OEC. e (CRO-C iz«)- 

0.8 

0.2 



AGGREGATE 
DATA SHEET 

Itcstid avi crp 

May 1947' lOATt 

TYPE Of MATERIAL: Lisestcue 

» «»‘•'"MkrT P?*1!1 ^ ni HE of Pea Ridge Store 
I PRODUCER 

SAMPLED BY I_Regldent RngJLneer. Celina, Tenn._ 
Itesteo row: CQgpajigQp q£ iijnestoneB (Dale Hollov Da,; 
PROCESSING BEFORE TESTING Manufactured sand received fro« field 

GEOLOGICAL FORMATION AND AGE 

1 GRADIN 1 (CRD -C 103 )(CUM *To PASSING) 
(TEST RESULTS! 

3-S" .*-3* !-•** 
(Cl . 

»«-)' 
(C). 

FINE 

AGO I SIEVE 3-6 l)-3* I 'i* «4-1* 
FINE 
AGO 

«-—-J 

BULK SP GR , SAT SURF DRY (CRD-C 107,108): ifm Y.-Si “zn 
I e in ABSORPTION, PER CENT (CRO-C 107, IOB): 

0.7 i.i 
1 SIN 

ORGANIC IMPURITIES, FIG NO (CRD-C 121): 

I 4 IN 
SOFT PARTICLES, PER CENT (CRD-C 130) * 

0 0 I 3,N PERCENT LIGHTER THAN SP GP f CRD-C 120): 

I IN PER CENT FLAT AND ELONGATED (CRD-C Ilfl,l20): 
i, )i 8 2 1 2 IN. 

LQQ_ WEIGHTED AV % LOSS, SCYC M*SQ, (<C> ^ -1* *4-*) (CRD-( : ns) n U 11 P S 
I '1'*. 100 ABRASION LOSS (L A ),«fe, (CRD-C 117): 

y • j a • J 
1 1 IN kh 100 UNIT WT., LB/CU FT (CRD-C IOS): 

1 'H. 
_5_ CLAY LUMPS,-fe (CRD-C IIS) 

4 IN 
1 COAL AND LIGNITE, »lb (CRD-C 122); 

I'N- -32 SPECIFIC HEAT, BTU/LB/DEG. F (CRD-C 124): 
1 NO 4 

1 99 REACTIVITY WITH NaOH (CRD-C 128):15..^^: 
1 NOS 81 I Re.mM/LJ 
I NO. 16 

tí MORTAR-MAKING PROPERTIES (CRD-C IIS) 
1 NO 30 

Ul TVPE__IU CEMENT, RATK)_i _PAYS. 105 1. 7 OAYB_ HO » 
1 NO SO 

3.1 LINEAR THERMAL EXPANSION XIO »'DEG. F. (CRD-C I2S.I2S): 
I NO 100 2h ROCK TYPE parallel ACROSS ON AVCRAGt 

—2^ 
1 - 200 

18 

>.68 

1(-)0^0-0 105 (b)CRD-C 104 

Imortar-bar expansion at ioof,«f<, ccro-c im): 

low-alr. CEMENT.' 

high-ALK. cement: 

I SOUNDNESS 

•fe No,0 EQUIVALENT: 

•To NofO EQUIVALENT: 

CONCRETE (CRD-C 40. 

FINE AGGREGATE 

S MO. 

fine agg. 

fine agg. 

I PETROGRAPHIC DATA (CRO-C 127): 

HA)i_ 
COARSE AGG' 

• MO. • MO. 12 MO. 

CCARSE AGGREGATE 

3 MO. 

DTE. 
COARSE AGG: WE, 

• MO. 

f * T 

» MO. 

MW-CD 

IÍ MO 

HD-CW 

* Tested by a banner blow 



85J¿ 
7¡g ; CM S~9 .»B SYMBOL NO liw u-y_________ 

Location Qi»j^rrv P^*r Ceptcr_S^tre locftted^ op. the -Ï5i 
iD : utna® ÇQimtïj. Te^a i -Pi SW of Buffalo Valley, Term. 

PRODUCÍA -—- "" 

I INOÍ » NO ACCRECATE 
DATA SHEET 

TtSTtD BY 

TV At OF MAtTCBIALi 
May 1941- 

5AM°CtD Bt 

TtiTtD fO« 

j Tenp- I 
pROCtSSING BCFOBC TtSTINO receIred fro« field 

aOtOG'CAl r QAM AT ION AND ACC 

grading (CBO-C IMKCUX n* BABSINfl) 

JlCVt 

JIN 

iJ'N 

) IN 

NO A 

NO JO 

NO SO 

NO 100 

NO. 200 

- 200^ 

J - • " Ij-I* l-i* -« r 

&L 

bock >R OB , SAT subí 0»Y(CW0-C IQT.IOB): 

AB SOAR TON, PIA CENT (CAO-C 107,IQB) 

PAGAN 1C IMAUAITHS, F 1C. NO (CAO-C l»Ql 

IQFT AAATICCtB.AtW CtNT CCAO-C HO) * 

AtA CtNT UGHTCA THAN JACA,-(CAD-C 12») 

AEA CENT FLAT AAC ELONGATED (CAD-C II*,120) 

1QQ 

SSL 

12 

TEST RESULTS J-B* 1*3* 

SL1 Í2Â 

mnFcw 

WEIGHTED AV. % LOSS, SCVC MtSQ.(<c> j-f, «A-jUCAO-C '■»). 

ABAASION LOSS (L A.),*fc, (CAD-C IIT)i_ 

UNIT WT,, LB/CU ft (CAO-C IOB)i 

CLAN LUMASjjnb (CAD-C HD) 

COAL AND lignite, (CAO-C I22)i_ 

SAEOFIC HEAT, BTU/LB/OEG. F (CAD-C I2A)- 

acactivity with noOh (cad- "nM/L 

^U5 21 
¿a IJ JaS. 

J 

MOATAA-MAKING AAOAEATIE» ^°'C 

TVA£ . HI CEMENT, AATIO-1 P*YV 
.DAY*, 103 

UNEAA THEAMAL*M‘ÍRAANSION *10 »0C0 F (CAD-C I2S,I2D> 

AOCK TYPE PARALLEL ACROSS ON average 

2.1 

LOW-ALH CEMENT: 

ÍINE AGO_ 

PC THOGAAPHIC DATA (CRD-C l*Y)' 

COARSE AGO 

REMARKS: 

* Te»ted l>y • blov 

Data 



STATC: 

LAT 

Tonn, 

ib R 

INOCX MO • 

wv LOMO 

AGGREGATE Itcstcd by £B2_ 

lab SYMBOL MO.í Pt W Q.gg_rm or matcb.ac. Litton» 

quarry near Center Hill Daa Site located on the Caney Fork River 
._«_j.— m_ _± -i -.J mr TT f#-. 11  ST-"" _— ■■ 

DATA SHEET |i>ati Aprll ^ 

LOCATION 

In Putnãã County. Term., about 3 ■! SW of Buffalo'Vidley/TcnaT 
ABOOUCt« 

SAMPLED BY 

tested to* Comparison with Bull Shoals (Center Fill DU) 
*"oc»»'xc befope testimc Manufactured »and received fmi field 

geological eobmation and age 

1 (CBD - c IOS )(CUM [TEST RESULTSl 
3-B’ l-l* 

(C) 
-V 

(O 

riNc 

ACO SIEVE J-# ' .*-1* 1 •*' -4-r 
EIME 
AGG 

bulk SP GB.SAT SUBE OBV (CMD-C 107,IOB): TTTö 2.70 e in A6SOBPTION, PEB CENT (CBO-C 107, IOB): n 4 o.t, jT 
5 IN 

OBGANIC IMPUBITIES, riG. MO (CBO-C l*l): 
2 

4 IN 
SOET PABTICLES, PEB CENT (CBD-C HO) * 3 0 J 

3IN 
lû£L PEB CENT UGMTEB THAN SP GB (CBD C I2B): 

IN 
PEB CENT ELAT AND ELONGATED (CBO-C 119,120) 1.4 2-0 rr 2 IN 

UXL WEIGHTED AV SLLOSS, SCVC MtSO, ((O ^ «4- (CBO-C MS) ÖTR 
1 i IN. 21 -9Q-i ABBASION LOSS (L A ),1b, (CBD-C 117). 23.! __ 

1 IN. 
—-- ö 1Q0 UNIT WT., LB/CU ET (CBO-C 109); 91.7 90,1 92.h Ufr 

i'N 
.6 94 CL« LUMPS, *fc (CBO-C 118) 

I'N 
-i. 61 COAL ANO LIGNITE, »fc (CBO-C 122); 

|lN k Jä SPECIE IC HEAT, BTU/LB/DCG E (CBO-C 124): 
NO 4 i 7 9fl BEACTIVITY WITH NoOH (CBD-C I2BI:U. : 
NO 8 

.77 
-1 *- 

I Bc,mM/L; 1 
MOBTAB-MARING PBOPEBTIES (CBD-C 1143 

NO JO 
JQ_ TYPe ITLcEMENT, BATIO_l__|>AV>^_ia_>_J__OAYSt H8 g 

NO SO 21 LINEAB THEBMAL EXPANSION XIO 9DEG. E. (CBO-C I2S.I243: 
NO 100 

MO. 200 
16 "OCR TYPE PABALLtL ACBOSS ON AVCRAGC 

- 2001* 

“Tvfn 
12 

<•1 CBD-< : ios (b)CB D-C IC 4 MOftTAA: 

MOBTAB -BAB EXPANSION AT 100F, CCBO-C l?3) 





il 

AGGREGATE |tc»tcp >y.- 

[OCOLQC'CAL rOBMATlQN AND AGI ÉvertOIl FOI 

OWAOIWG (CBO-C IQ3)(Cum T0 P«SSIMC) 

ition 

StEVt 3 - # " 

NO 30 

NO SO 

i-r •4-1' 

100 

1.9 

TEST RESULTS 

.(CKO-C l?#)‘ 
0^. 

'*• 

0.0 

0. 

na) 

MORTAR - MAKING PROPERTIES (CRO-C Mt) 

- 'PC_m—CCMCNT| RATIO 3 PAV^ 131 n_7 

near THERMAL expansion «i0 »0^. r lcno_c „VJ.V 

parallel 

OAY%_^_ 

"OCK type 

_MORTAR I 

|MOWTAB ^ ^ '00E,ro (CRO-C 133) 

IW CONCRETE CCRO-c „n 
EINE Ar.r. ' --*-— 

12 MO. 3 MO. 

_ÛaÛ2ÛJL 

petrographic data (cro-c i*t)T 

6 MO. 

i T®8*«'! by « hawer blow 

T 





I STATE: HI, INDEX NO: AGGREGATE 

DATA SHEET 

TESTED 6V: CRD ~ 

MT 3Õ N LONG. 90 V 0ATt Oct. 1947 

I LOCATION 

Ill. 

Falling Spring Quarry located In St. Clair County near Falling RpHnp 

produce« East St. Louis Limestone Co.t East St. Loula, Ill. 

SAMPLED BY F. Schneider_ 

Chain of Rocks Lock 

I PROCESSING BEFORE TESTING 

I GEOLOGICAL FORMATION AND AGE 

SIEVE 

SIN 

3-6 **-3" l-t '•4-r 
FINE 
AGO 

I TEST RESULTS | 

BULK SP GR,SAT SURE DRV (CRD-C 107,10t): 

ABSORPTIOM, PER CENT (CRO-C 107,106): 

OROANC IMPURITIES, EIC NO (CRO-C IÎI): 

3-t* '*-3' 

.(CRO-C 12»): 

CLAY LUMPS, «lb (CRO-C MB) 

REACTIVITY WITH NoOH (CRO-C 126):1 Sc.fnM/L 

NO 30 

MORTAR - MAKING PROPERTIES (CRO-C 116) 

TYPE_CEMENT, RATIO_DAYS,_ 

NO SO 

NO 100 

NO. 200 

- »och 
r.M' 

I (.) CRO-C IOS (b) CRO-C 104 

Tested by a hammer blow 

it 10 



— 

JTATt_ 

L*ê SYMBOL wo. CRD 3-4 ~ 
on Georgetown, MIbb, 

^hk *p Greene Brothers, Georgetown, MIbb. 

fHOCCSSINO BCfOBt TtSTIMO 

Miss. INDEX NO : 

LONG 

AGGREGATE TESTED BY: CRD 
DATA SHEET DATE! I947 

TESTED 

GEOLOGICAL I OB MAT ION AND AGE 

SOONDNESS IN CONCRETE ÇCWP-C 4¾ 114): 

FINE AGO. COARSE AGO' 

FINE AGG 

PETROGRAPHIC DATA (CRO-C 1*7»! 

/ 

RtMARKS 



1 

Hl,,. 

LAT.! 

INDEX NO.: 

LONG. 

LAB SYMBOL NO.: CRD S-ü .ÜT 

AGGREGATE Itcsteo by: C^D 
DATA SHEET Idate: I9I16 

TYPE Of MATERIAL: SlllCCOUS «»TlH 

LOCATION Georgetown, Miss. 

pBooucFH Greene Brothers, Georgetown, Miss. 

SAMPLED BY: 

TESTED 1 "B Conçarison of limestones 
PROCESSING BEFORE TESTING: 

GEOLOGICAL FORMATION AND AGE 

GRADING (CRD- G I03)(CUM «To PASSING) 

SIEVE 

« IN 

SIN. 

4 IN . 

SIN. 

2$ IN 

2 IN. 

|J IN. 

I IN• 

(IN. 

NO 4 

NOB 

NO 16 

NO SO 

NO SO 

NO I 00 

NO. 200 

- 200‘* 

r.M TB 

3-6 '1-3' i r -4-1 

<•) CAD-C IOS (b)CAD-C 104 

FINE 
AGO 

38. 

Ö2_ 
IL 
52 
1L 

^li! 

TEST RESULTS 

BULK SP GA p SAT SUAE DAY (CAD-C 107,106): 

ABSOAPTON, PEA CENT (CAO-C 107,106): 

ORGANIC IMPURITIÍS, HG NO(CRD-C I2l) 

SOFT PAATICLES, PEA CENT (CAO-C ISO) 

PEA CENT LIGHTEA THAN SP. GA _(CAO-C 128): 

PEA CENT ELAT AND ELONGATED (CAD-C 118,120): 

■ ¿-3' 

WEIGHTED AV % LOSS, S CYC M^ÇK) j-l*, A4-j)(CA0-C IIS) 

ABA AS ION LOSS (L. A),»¡b, (CAD-C (17): 

UNIT WT., LB/CU ET (CAD-C 106); 

CLAY i.LKW, •to (CAD-C 116) 

COAL AND LIGNITE, »lb (CAD-C 122); 

SPECIFIC HEAT, BTU/LB/DEG. E. (CAD-C 124): 

AEACTIVITY WITH NoOH (CAD-C 126): So,mM/L 

R C j r—iM /1 

moataa-making PAOPEATIES (CAD-C 116) 

2.6' 

0^_ 

TYPE III CEMENT, RATI0_ . days. 101 
LINE AA THEAMAL EXPANSION XIO S'DEG. E. (CAD-C I2S,I26) 

7 .OAY%_10U 

AOCK TYPE PAAALLEL ACAOSS ON AVERAGE 

MOATAA-BAA EXPANSION AT 100F, Wo (CAD-C 123): 
F!!* AGGREGATE COARSE AGGREGATE 

3 MO. 6 MO. 9 MO. 12 MO. 3 MO e mo. 9 MO. 12 MO 
LOW-ALK. CEMENT: rb No,0 EQUIVALENT: 

HIGH-ALK CEMENT: Wo No,0 EQUIVALENT: 

SOUNDNESS IN CONCAETE (CAD-C 40f 114): 
F »T HW-CO MD-CW 

UNA Abb. COAASE AGG: 
-----— --- - ^ E >00 

FINE AGG COARSE AGG nrr 

Date 



5t«h Conn. 
riT~ N ~ 

INOCX MO I 

LONG ■ 72 W 
l.*e SYMBOL NO 

AGGREGATE by ÇRp 
DATA SHEET |datc Strpt. 19^^ 

TYPt Of MATERIAL' TrBt cp rock 

TõcÃriõx Worth Branford, Conn. 

moDuct» New Haven Trap Rock Co., New Haven, Conn. 

SAMPLED BY 

TESTED EO«~~ Conparleon of llmeatonea 
paocESSING BEEOBE TESTIMG 

GEOLOGIC Al E QWMATIOM AMD AGC 

GAADiNG (CRO-C I03)(CUM to RA53ING)' 

SIN 

T 
1/4’ 

EINE 
AGG Bulk sp GR , sat sure dry (crd-c iqt.iob) 

ABSORPTION, PER CENT (CRD-C 107,108): 

ORGANIC IMPURITIES, HG. MO (CRO-C 121) 

SOET PARTICLES, PER CENT (CRD-C 130)* 

TEST RESULTS l-l/t" */4« I/»' 

0.3 10.7 

100 

I j IN 

NO 4 

no a 
NO. 16 

NO 30 

NO 50 

NO 100 

NO.200 

“(4" 

i 100 
52 

PER CENT LIGHTER than SP OR, .(CRD-C I29)i 

PER CENT FLAT AND ELONGATED (CRD-C 119,120): 

WEIGHTED AV. % LOSS, S CYC. M 9SO. (t‘) t - f, «4 - j) (CBP - y V9 

lß_J2 

ABRASION LOSS (L. A ),«te. (CRD-C "O 

UNIT WT., LB/CU ET (CRO-C 104): su-su 

100 ÍÕÕ CLAY LUMPS, to (CRD-C US) 

COAL AND LIGNITE, •»> (CRD-C 122): 

SPECIFIC MEAT, BTU/LB/DCG. E (CRD-C 124): 

REACTIVITY WITH NoOH (CRD-C l28):|Sc,mM/L 

Rc,mM/L 

mortar-making PROPERTIES (CRO-C 119) 

TYPE_CEMENT, RATIO ..DAYS,— _ DAYS,. 

:.1 CRD-C IOS (b) CRD-C 10* 

mortar BAR EXPANSION AT IDOE,Wo (CRD-C 123) 

ROCK TYPE PARALLEL ACROSS ON average 

FINE AGGREGATE 

PETROGRAPHIC DATA (CRD-C l»Y)i 

REMARKS: 

* Tee ted by a hammer blow 
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