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PREFACE 

The work reported herein was authorized in a letter from Mr. G. P. 

Palo, Chief Engineer, Tennessee Valley Authority, to Mr. Thomas B. Kennedy, 

Chief, Concrete Division, u. S. Army Engineer Waterways Experiment Station 

(WES), dated 12 October 1962, subject, "Chickamauga Project - Unit 3, 
Concrete Test Cores." 

The investigation was conducted at the WES Concrete Division by 

Mrs. Katharine Mather and Mr. Wilbur I. Luke under the direction of 

Mr. T. B. Kennedy. This report was prepared by Mr. Luke. 

The Director of the WES during the investigation and the preparation 

and publication of this report was Col. Alex G. Sutton, Jr., CE. Technical 

Director was Mr. J. B. Tiffany. 
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SUMMARY 

Petrographic examination of eight cores from three concrete areas in 
the Chickamauga Dam powerhouse indicated that an expansive reaction between 
dolomitic limestone particles present in the coarse aggregate and minor 
alkalies present in the cement paste may be responsible, at least in part, 
for the difficulty that the TVA has had in holding generating equipment in 
line. The reaction, involving dedolomitization of certain types of car
bonate rock by cement alkalies, has been described by Hadley, and Swenson 
and Gillett. In this investigation direct evidence that the reaction had 
taken place was found in thin sections of the concrete. The evidence was 
supported indirectly by length-change measurements (expansion) of concrete 
specimens made from the cores and exposed to laboratory conditions con
ducive to the reaction. Thin-section studies indicated that the concrete 
from wet and damp areas in the powerhouse had reacted more than that from 
dry areas, which suggests that the concrete in the wet and damp areas had 
expanded more than the concrete in the dry areas. However, even though an 
expansive reaction was evident in the cores, the relative amount of coarse 
aggregate involved was small when total amount of aggregate is considered. 
The reaction had not progressed sufficiently to cause the concrete to 
crack, since no evidence of cracking of any sort was seen either in the 
cores or in thin sections mad.a f'rom_ the cores. 
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PETROGRAPHIC EXAMINATION OF CONCRETE CORES 

CHICKAMAUGA DAM POWERHOUSE - UNIT 3 

TENNESSEE VALLEY AUTHORITY 

PART I: INTRODUCTION 

l. The Tennessee Valley Authority (TVA) has had difficulty in 

holding their generating equipment in line at the Chickamauga Dam power

house, and the behavior of the equipment suggested that the concrete in 

the scroll cases might be undergoing a progressive volume change. To ver

ify this or reveal any other deficiencies in the concrete, the TVA sent 

eight 1-1/2-in.-diameter cores from the powerhouse concrete to WES to be 

examined for evidence of expansion or other abnormalities. Four cores 

were taken from areas in the scroll case of unit 3 that were always wet, 

two from a damp area in the draft-tube access gallery, and two from a dry 

area in the floor of the pipe gallery below the generator room. A cross

section diagram of the generating equipment showing the areas from which 

the cores were taken was provided by TVA. 

2. Information provided by the TVA concerning the concrete cores is 

as follows: Two of the cores (from the scroll-case floor) probably were of 

concrete containing 3/4-in. maximum size aggregate; the other cores were 

probably from 1-1/2-in. maximum size aggregate concrete. The concrete mix

tures used are described in table 23, page 189, of TVA Technical Report 

No. 6, The Chickamauga Project. The concrete was placed in December 1938 

and in April and May 1939. The coarse aggregate came from a quarry on 

North Chickamauga Creek, located about one mile from the dam. It was 

classified as Chickamauga limestone, but contained thin seams of carbona

ceous shale and limestone. Tests of the fine aggregate manufactured from 

this stone indicated that it was unsuitable for use as fine aggregate; 

therefore, most of the fine aggregate for the project came from the 

Consolidated Sand and Gravel Company, Columbus, Georgia. Petrographic 

analysis of the sand indicated that it was composed of 94 percent angular 

and rounded quartz grains, 3 percent weathered feldspar, 2 percent chert, 

and 2 percent "elastic" and micaceous grains. During the latter part of 

1938, sand shipments fell behind consumption and additional sand from the 
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Montgomery Sand and Gravel Company, Montgomery, Alabama, was brought in to 

replenish the stockpile. No petrographic data are available on this sand; 

however, it is interesting to note that sand and gravel from this source 

were used as aggregate in the Tuscaloosa Lock and Dam, built in 1937-1939· 
The concrete in this lock and dam later suffered severe cracking caused by 

alkali-aggregate reaction, and repairs were made on the Tuscaloosa Lock in 

1957. It is not known whether the Montgomery sand was used in the concrete 

represented by the Chickamauga cores. 

3. The cement used at Chickamauga Dam was a portland cement having a 

moderate heat of hydration and was known at time of construction as TVA 

type B. Six different brands of cement were used at Chickamauga, but it is 

not now possible to establish exactly what cement went into what concrete. 

It was regarded as most probable that the cement used in the concrete from 

which the cores were taken was Penn-Dixie cement from Richard City, Ten

nessee. Alkali determinations of Penn-Dixie cement shipped to Chickamauga 

in 1938 showed 0.67 and 0.74 percent alkalies expressed as Na2o equivalent. 
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PART II: SPECIMENS AND TESTS 

Cores 

4. The eight concrete cores from the Chickamauga Dam powerhouse were 

received at the WES on 25 October 1962. With the exception of core 5 which 

was unbroken, each core consisted of two or more pieces of broken core 

l-l/2 in. in diameter and having a combined length of about 2 ft. The se

rial numbers assigned to the cores and the location in the powerhouse from 

which they were taken are as follows: 

Core No. 

l through 4 

5 and 6 
7 and 8 

CD Serial No. Location 

TVA-4 CON-l through 4 Scroll case (constantly wet area) 

TVA-4 CON-5 and 6 Draft-tube access gallery (damp area) 

TVA-4 CON-7 and 8 Pipe gallery floor below generator room 
(dry area) 

5. The cores had been packed in wet sawdust for shipment. Upon re

ceipt, cores 7 and 8, which were from the dry area, were removed from the 

sawdust and placed on a shelf in the laboratory. The rest of the cores 

were left in the shipping crate and stored in a fog room at 73 F and 

100 percent humidity until examination was begun about 3-l/2 months 

later (February 1963). 

Visual Examination of Cores, and 
Length-Change Determinations 

6. After storage under the conditions described in paragraph 5, the 

cores were examined visually and under a stereoscopic microscope prior to 

other tests in order to detect any pertinent features such as cracking, rim 

growth on aggregate particles, or abnormal chemical reactions such as 

alkali-silica or alkali-carbonate reactions that might be present. After 

these examinations were completed, two specimens about 4-l/2 in. long were 

sawed from cores l-7, and stainless steel reference points were attached 

to the ends of the specimens with epoxy resin. The specimens were stored 

underwater for several days, measured to obtain reference lengths, placed 
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over water in containers which were then sealed and stored in a room having 

a constant temperature of 100 F, and measured after 7, 14, and 28 days and 

every 28 days thereafter for a period of about 10 months. No length-change 

specimens were made from core 8 because it was received in broken lengths 

that were too short to make adequate specimens. The specimens were reex

amined after testing for signs of any reaction that might have developed 

during the test period. 

X-Ray Examination of Aggregate 

7. Selected coarse aggregate particles were removed from the con

crete, ground to pass the No. 325 sieve, and examined by X-ray diffraction. 

The particles were generally selected in the following way: 

a. A core length was sawed longitudinally with a diamond saw. 

b. One of the sawed surfaces was etched with 3N hydrochloric 
acid. 

c. The etched surface was examined under the stereoscopic micro
scope with particular attention being paid to the amount of 
etching that was produced on coarse aggregate particles. 

d. Particles containing unusual amounts of insoluble material on 
their etched surfaces, particles displaying negative rims, 
and particles considered typical of the coarse aggregate 

.were selected _f'or .X-_r.ay .analysis. 

e. The other halves of the selected particles, which were lo
cated on the opposite sawed surface of the core, were used 
for X-ray examination. 

Examination of Thin Sections of Concrete 

8. Several thin-section blanks were chosen from potentially inter

esting areas on sawed surfaces of the cores, mounted on glass slides with 

epoxy resin, and prepared for microscope examination. These areas were 

selected to include both typical and unusual coarse aggregate particles, 

unusual features at aggregate-paste interfaces, darker than usual mortar, 

and aggregate particles that had ''reacted 11 under laboratory storage con

ditions. The thin sections were examined with a petrographic microscope. 

Photomicrographs were made of selected areas within the thin sections. 



Examination of Mortar 

9. Samples of mortar were taken from freshly sawed surfaces of two 

cores that were chosen as representative; one core was from the wet area 

{core 3), and one was from the dry area {core 7). The mortar was examined 

under the stereoscopic microscope to make sure that no carbonate coarse 

aggregate was included, and was then crushed and sieved over a No. 100 

sieve. The material passing the No. 100 sieve, in which the cement paste 

was concentrated, was ground ~o pass the No. 325 sieve, packed in sample 

holders, analyzed by X-ray diffraction, and the resulting patterns were 

interpreted. During X-ray analysis, the sample was enclosed in a dry 

nitrogen atmosphere to prevent carbonation of the cement paste by 

atmospheric carbon dioxide. 

5 
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PART III: RESULTS OF EXAMINATIONS AND TESTS 

Appearance of As-Received Cores 

10. Examination of the cores in February 1963, before they were 

sawed into lengths suitable for expansion measurements, revealed that the 

surface mortar of the cores that had been stored in the wet sawdust {cores 

1-6) was stained yellowish-brown, presumably by the sawdust. The staining 

was strictly a surface manifestation. Mortar on freshly sawed surfaces of 

the six cores, as well as that on all surfaces of cores 7 and 8 that were 

stored in air, was not stained. Although the staining was not considered 

to be the result of a deleterious reaction, it tended to mask any evidences 

of reactions that might have been present on the core surfaces. The pres

ence of fine sawdust in surface voids also interfered with observations of 

void linings, filling, etc., and only part of the sawdust in the voids was 

easily removed by washing. After the sawdust was completely removed, those 

portions of the cores that were not used in the expansion tests were placed 

in a pan and covered with wet natural sand to keep them damp until petro

graphic examination was initiated. 

11. Examination with a stereoscopic microscope revealed no evidence 

_f.>f -CTacking, rimming _of _aggregate _partic Jes, m- aJ ka J j -aggregate reaction 

gel on the surfaces or in the voids of any of the cores. Entrapped-

air voids were lined with, and some were partially filled with calcium 

hydroxide, with secondary calcium carbonate probably produced by reaction 

of carbon dioxide with the hydroxide, and with clusters of needle-like 

calcium sulfoaluminate crystals. There appeared to be more lined and 

partially filled voids in cores 1-4 from the wet area than in cores 5-8; 
however, none of the cores contained excessive amounts of these products, 

all of which are normal reaction products of cement hydration. 

Length Change 

12. The results of length-change measurements made on two specimens 

each from cores 1-7 are shown in table l. The length changes of the two 
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specimens from each core were averaged, and plots of the average expansion 

(or contraction) are presented in plate 1. Plate 1 clearly shows that all 

four of the specimens from the wet-area cores, as well as the specimens 

from one core from a damp area, expanded about the same amount, while the 

specimens from core 7 from the dry area e."'Cpanded over twice as much. The 

specimens from core 6 (damp area) contracted slightly. Even though none of 

the expansions are considered excessive, the fact that the expansions of 

the specimens from the dry-area core were twice those of the others is be

lieved to be significant. It suggests that the specimens from the dry area 

expanded more than those from the wet and damp areas because they had 

reacted less completely and expanded less prior to initiation of the 

length-change test. Expansive reactions of the type that occurred in the 

concrete cores proceed more rapidly when abundant moisture is present. 

Presumably the wet and damp areas in Chickamauga Dam have been subjected 

to relatively abundant moisture ever since the powerhouse has been in 

operation, and thus the concrete in these areas has reacted and expanded 

more than that in the dry area. When the concrete specimens from the dry 

area were subjected to environmental conditions conducive to expansion, 

they expanded at a faster rate than the others since little of their ex

pansive potential had been previously expended. The reason for the con

traction instead of expansion of' specimens from core 6 is not known. 

13. When the specimens were reexamined visually and with a stereo

scopic microscope after the tests were completed, little or no evidence 

that any reaction had taken place was found. A few dolomitic-textured 

particles exposed on the core surfaces contained rims similar to those 

produced on the surfaces of the core remnants that were stored in damp 

sand, as is discussed in paragraph 14, but no correlation was found 

between the number of rimmed particles and degree of expansion. 

Reactions Resulting from Laboratory Storage Conditions 

14. After the surface staining caused by storing the cores in wet 

sawdust was discovered, those portions of cores 1-6 not used for length

change specimens were placed in an enamel pan filled with wet natural sand 

(laboratory standard fine aggregate), as mentioned in paragraph 10. The 
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pan was covered with a sheet of polyethylene to prevent the sand from dry

ing, and was stored in the laboratory for about 4 months. In June 1963, 

when a detailed examination of the cores was begun, it was discovered that 

the sand had become loosely cemented to certain areas on the core surfaces, 

both as individual grains and as clusters of grains. The cemented grains 

could not be washed off when a core was rinsed in flowing tap water, but 

could easily be rubbed off with the fingers. The larger sand clusters were 

usually associated with dark brownish-gray, dolomitic limestone coarse 

aggregate particles. In addition to the sand grains and clusters, a mod

erately large number of the coarse aggregate particles that were exposed on 

the core surfaces and previously sawed surfaces had dark peripheral rims. 

Most of the coarse aggregate particles that were covered by sand clusters 

were also rimmed in this manner. The rims had presumably formed on the 

aggregate particles while the cores were stored in the wet sand, since 

earlier examination had not revealed their presence. Photographs 1 and 2 

show sand clusters and grains on a core surface. Photographs 3 and 4 show 

the dark rims on coarse aggregate particles after the sand grains were 

rubbed off. X-ray diffraction analysis of the sand clusters indicated that 

the clusters were composed of quartz, small amounts of calcite, and pos

sibly traces of brucite (Mg(OH) 2) or magnesium hydroxide sulfate hydrate 

(Mgso4.3Mg(OH) 2.8H20). Examination of immersion mounts of the grain clus

ters with a petrographic microscope showed that the quartz grains were 

partially coated with calcite which cemented the grains together. No 

brucite was seen in the immersion mounts, but it could have been present 

in small amounts and not detected due to the high birefringence of the 

calcite. 

15. X-ray diffraction analysis of material in the rimmed zones of 

particles similar to the one shown in photograph 4 and of the material in 

the interior of the same particles indicated that the composition of the 

material in the two zones of the same particle was essentially the same. 

The particles were composed of calcite, dolomite, and small amounts of 

quartz and clay minerals. No "reaction products" were detected. Although 

the mechanism involved in the forming of the rims is not understood, there 

was a definite relation between rims and dolomitic limestone particles. 

Coarse aggregate particles which did not contain dolomite were not rimmed. 
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Further, the rims were purely a surface phenomenon. Thin sections were 

made of several rimmed and partially rimmed particles exposed on sawed sur

faces. In each case, by the time the surface had been ground smooth enough 

for mounting on a glass slide, all evidence of the rim was gone. It was 

estimated that less than 1/32 in. was removed during this operation. How

ever, the thin sections did show that the particles that had contained the 

surface rims were dolomitic, and that particles that were only partially 

rimmed were only in part dolomitic. By comparing the thin section with 

sketches made of the area before the section was made, it was determined 

that the unrimmed portion of the periphery of a partially rimmed coarse 

aggregate particle was not dolomitic, and that the rimmed portion of the 

periphery was. It was also noted that the texture of the cement paste in 

the areas next to the dolomitic limestone coarse aggregate particles was 

different from that of the rest of the paste. Calcium hydroxide, a normal 

constituent of hydrated cement paste, was present in normal amounts in all 

areas of the paste except those areas immediately surrounding the dolomitic 

particles. The leached appearance of the paste next to the dolomitic par

ticles indicated that a reaction between the paste and the particles, prob

ably alkali-carbonate reaction, involving dedolomitization, had taken place. 

Photographs 5 and 6, respectively, show a portion of a rimmed coarse aggre

gate particle as it appeared on a sawed surf'acaand_in_ thin section. 

Aggregate 

16. Although no quantitative petrographic examination of the carbon

ate coarse aggregate was undertaken because of small sample size, it was 

evident from examination of core surfaces, sawed surfaces, etched surfaces, 

and thin sections of the concrete, and X-ray diffraction analysis of se

lected particles, that many textural and mineralogical varieties of carbon

ate aggregate were present. Particles ranged in composition from gray, 

fine-grained and fossiliferous limestones composed almost entirely of 

calcite to argillaceous and highly dolomitic limestones which contained, 

in addition to calcite, varying amounts of dolomite, quartz, chlorite, 

clay-mica, and kaolin group clays. No swelling clays were detected. Much 

of the coarse aggregate obviously came from thin-bedded strata. One or 
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more thin shaly seams were present in many particles. Particles that had 

been fractured and the fractures resealed with thin veinlets of very poorly 

crystalline silica, probably an opal-chert mixture, were numerous. Photo

graph 7 shows a sawed surface of core 5 that has been etched with dilute 

hydrochloric acid. The thin, white, silica fracture fillings, as well as 

several textural and mineralogical varieties of the coarse aggregate, are 

evident in the photograph. Also shown in the photograph is a limestone 

particle with a negative rim around its entire periphery. The particle had 

a high disseminated, insoluble residue content which was composed of very 

fine-grained silica (mostly quartz) and clay. Photographs 8 and 9 show the 

negative rim and the distribution of the insoluble residue more clearly. 

Rims of this type are thought to be caused by the leaching of the silica 

from the exteriors of such particles by the alkalies present in the cement. 

The silica-depleted exteriors are readily seen when a sawed surface of con

crete containing such particles is etched with hydrochloric acid. Although 

no alkali-silica gel was found, the reaction evidenced by the rim is almost 

certainly a form of alkali-silica reaction. 

17. During the aggregate investigation for Milford Dam, Kansas, 3* 
cores from a cracked concrete structure (office building wall at Harlan 

County Dam) were found to contain carbonate coarse aggregate particles 

having a composi~ion and texture similar to ~he negatively rimmed particle 

discussed above. The coarse aggregate particles in the cracked concrete 

also displayed negative rims. Again, no alkali-silica gel was found, and 

there had been only a slight amount of reaction involving the fine aggre

gate (a natural "sand-gravel" aggregate). An expansive reaction had ob

viously taken place, as evidenced by the visible cracks and microfractures 

in the paste, and in the absence of direct evidence it was believed that 

the coarse aggregate particles with their silica-depleted peripheries were 

involved. It should be noted, however, that even if the reaction postu

lated above did take place, it is believed that particles of this type are 

a relatively minor constituent of the coarse aggregate in the Chickamauga 

cores. A coarse aggregate variety that was more numerous, and with which 

an alkali-carbonate reaction probably occurred, was the dolomitic limestone 

* Raised numerals refer to similarly numbered items in the list of refer
ences at end of text. 



11 

that was associated with the dark surface rims that formed during storage 

(previously discussed in paragraph 14). Practically every thin section 

that contained dolomitic limestone coarse aggregate particles showed at 

least some evidence of reaction in the paste immediately surrounding the 

particle. No evidence that any of the fine aggregate had reacted was found. 

The fine aggregate was a natural sand composed essentially of dense quartz 

and quartzite grains with minor amounts of feldspar and only traces of 

chert. Only one chert grain was found that showed any evidence of alkali

silica reaction. 

Thin Sections of Concrete 

18. A rather detailed study of thin sections made from selected 

areas on sawed surfaces of the cores indicated that the only abnormality 

present was the appearance of the paste in a rather narrow zone adjacent 

to granular-textured coarse aggregate particles. The relation between this 

type of coarse aggregate particle and the surface rims that formed during 

laboratory storage has been discussed previously; however, a number of thin 

sections were made of concrete exposed on freshly sawed surfaces which con

tained no aggregate particles with rims. These sections also showed that 

the paste next to <io1-omitic aggreg_ate Rarticles was different from that 

next to the fine aggregate and purer limestone coarse aggregate particles. 

The principal difference in the appearance of the paste in these zones as 

opposed to that in other areas was the near absence of calcium hydroxide 

and a general darkening of the paste in the zones in which reaction had 

occurred. There was little carbonation of the paste in any of the sections 

made from freshly sawed surfaces. Photographs 10 through 12 are photo

micrographs of thin sections showing the appearance of the paste next to 

limestone particles (photograph 10) and next to the dolomitic limestone 

particles (photographs 11 and 12). The reaction evidenced in the thin 

sections indicates dedolomitization, which is an expansive reaction that 

has been described by Hadley
1 

and Swenson and Gillott. 2 In this reaction 

alkali hydroxides present in the liquid phase of the cement paste react 

with dolomite in the aggregate to form calcite, magnesium hydroxide 

(brucite), and alkali carbonates. The alkali carbonates then react 
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with calcium hydroxide present in the cement paste to form calcite and to 

regenerate the alkali hydroxides. The regenerated alkali hydroxides then 

react with more dolomite. Theoretically the reaction will continue indefi

nitely, or until the moisture content of the concrete becomes too low to 

keep it going. The dedolomitization reaction apparently only occurs with 

certain types of dolomitic rocks. Carbonate rocks that have dolomite con

tents comprising 40 to 60 percent of the carbonate portion of the rock, 

that have fairly high disseminated clay contents, and at the same time are 

fairly porous are the ones that seem to be susceptible to the reaction. 

Fortunately, such rocks are fairly rare; however, the thin sections indi

cate that at least some of the coarse aggregate in the present cores ap

pears to be involved in such a reaction. Although a sufficient number of 

thin sections were not examined to prove definitely that the concrete from 

one area in the powerhouse had reacted more than that from another, it ap

peared from the observations that were made that the concrete from the dry 

area (cores 7 and 8) had experienced less reaction than that from the wet 

and damp areas (cores 1-6). The evidence gained both from X-ray diffrac

tion analysis of the concrete mortar and from the length-change data tended 

to substantiate this observation. 

-:Mortar 

19. The constituents identified by X-ray diffraction of mortar sam

ples from selected cores are shown in table 2. Although all the constit

uents that were identified are considered to be normal reaction products of 

hydrated portland cement, the fact that the mortar in core 3 (from the wet 

area) contained more of the calcium monocarboaluminate than that from core 

7 (from the dry area) tended to substantiate the evidence indicated by thin 

sections that the cores from the wet and damp areas had experienced some

what more reaction than those from the dry areas. One way in which calcium 

monocarboaluminate is thought to be formed is from a reaction between the 

secondary calcite produced as a result of the dedolomitization reaction and 

any hydrated tricalcium aluminate (c3A) in the cement paste that has not 

already been "tied up" in other reactions. 
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PART IV: CONCLUSIONS 

20. Petrographic examination of eight cores from three concrete 

areas in the Chickamauga Dam powerhouse indicated that an expansive reac

tion between dolomitic limestone particles present in the coarse aggregate 

and minor alkalies present in the cement paste may be responsible, at least 

in part, for the difficulty that the TVA has had in holding generating 

equipment in line. The reaction, involving dedolomitization of certain 

types of carbonate rock by cement alkalies, has been described by Hadley1 

and Swenson and Gillott. 2 In this investigation direct evidence that the 

reaction had taken place was found in thin sections of the concrete. The 

evidence was supported indirectly by length-change measurements (expansion) 

of concrete specimens made from the cores and exposed to laboratory condi

tions conducive to the reaction. Thin-section studies indicated that the 

concrete from wet and damp areas in the powerhouse had reacted more than 

that from dry areas, which suggests that the concrete in the wet and damp 

areas had expanded more than the concrete in the dry areas. However, even 

though an expansive reaction was evident in the cores, the relative amount 

of coarse aggregate involved was small when total amount of aggregate is 

considered. The reaction had not progressed sufficiently to cause the con

crete to crack, since no evidence of cracking of any sort was seen either 

in the cores or in thin sections made from the cores. 
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Table l 

Length Change of Concrete Specimens Made from Chickamauga Dam Cores 

Reference 
Specimen Length 

No. in. 7 l 19 

1-1 4.6283 +o.010 +o.oo6 +o.009 +o.017 +o.012 +o.009 +o.oo6 +o.009 +o.017 
1-2 4.6626 +o.030' +o.017 +o.019 +o.021 +o.021 +o.025 +o.015 +o.025 +o.023 

Avg +o.020 +o.0115 +o.014 +o.019 +o.0165 +o.017 +o.0105 +o.017 +o.020 

2-1 4. 7491 +o.010 +o.oo6 +o.010 +o.010 +o.012 +o.oo4 +o.002 o.ooo +o.006 
2-2 4.7220 +o.029 +o.021 +o.027 +o.025 +o.021 +o.017 +o.013 +o.011 +o.015 

Avg +o.0195 +o.0135 +o.0185 +o.0175 +o.0165 +o.0105 +o.075 +o.055 +o.0105 

3-1 4.5780 +o.013 +o.017 +o.017 +o.017 +o.015 +o.013 o.ooo +o.004 +o.013 
3-2 4.6439 +o.012 +o.015 +o.019 +o.oo4 +o.017 +o.019 +o.oo6 +o.015 +o.021 

Avg +o.0125 +o.016 +o.018 +o.0105 +o.016 +o.016 +o.003 +o.0095 +o.017 

4-1 4.7425 +o.oo6 +o.oo6 +o.014 +o.008 +o.010 +o.010 +o.oo4 +o.012 +o.014 
4-2 4.6614 +o.008 +o.004 +o.012 +o.010 +o.010 +o.019 o.ooo +o.008 +o.019 

Avg +o.007 +o.005 +o.013 +o.009 +0.010 +o.0145 +o.002 +o.010 +o.0165 

5-1 4.7125 0.000 +o.006 +o.012 +o.014 +o.025 +o.014 +o.012 +o.008 +o.010 
5-2 4.6500 +o.017 +o.012 +o.019 +o.019 +o.027 +o.027 +o.023 +o.023 +o.029 

Avg +o.085 +o.009 +o.0155 +o.0165 +o.026 +o.0205 +o.0175 +o.0155 +o.0195 

6-1 4.6258 +o.004 o.ooo +o.oo4 0.000 -0.006 +o.oo4 +o.oo4 o.ooo +o.004 
6-2 4.7630 +o.010 -0.012 -0.01.6 -0.016 -0.016 -0.008 -0.008 -0.020 -O.Oo6 

Avg +o.007 -o.oo6 -0.006 -0.008 -0.0ll -0.002 -0.002 -0.010 -0.001 

7-1 4.5490 +o.037 +o.035 +o.048 +o.032 +o.043 +o.042 +o.046 +o.043 +o.053 
7-2 4.6574 +o.025 +o.030 +o.040 +o.030 +o.038 +o.038 +o.040 +o.036 +o.034 

Avg +o.031 +o.0325 +o.044 +o.031 +o.0405 +o.o4o +o.043 +o.0395 +o.0435 

Note: Specimens stored at 100 F in sealed containers over water. 



Table 2 

Constituents in Mortar Fraction of Selected Cores 

Identified by X-Ray Diffraction 

Constituent 

Calcium hydroxide 

Sulfoaluminate (32H20) 

Calcium monocarboaluminate 

Hydrogarnet 

Vaterite (µ caco
3

) 

Calcium silicate hydrate 

Residual unhydrated cement 

Calcite 

Quartz 

Feldspar 

Relative Amount in Cores 
Core 3* Core 7* 

Probable 
Source 

Major Major Cement paste 

Minor Very minor Cement paste 

Minor Very minor Cement paste 

Possible trace Possible trace Cement paste 

Minor 

Present Present 

Present Present 

Minor Very minor 

Major Major 

Very minor Very minor 

Cement paste** 

Cement paste 

Cement paste 

Cement paste, 
aggregatet 

Aggregate 

Aggregate 

* Cores 3 and 7 were selected as being representative of wet and dry 
areas, respectively. 

** Unstable phase of CaC03 formed by carbonation of calcium hydroxide. 
t Probably present as contaminant from coarse aggregate in core 3, and 

formed by carbonation of calcium hydroxide and as a product of 
dedolomitization in both cores. 



Photograph l. Core 4, about natural size, after it had 
been removed from the wet sand and washed under flowing 
tap water. The sand grains and sand clusters remaining 
on the surface are weakly cemented to the core with 
calcite. Note that the large clusters of sand grains 

are associated with coarse aggregate particles 



Photograph 2. Appearance of previously sawed surface of core 5 (x 10) 
after core had been removed from storage in wet sand and the loose sand 
washed off. The entire sawed surface is coated with thin crusty cal
cite. The dark rim surrounds a dolomitic coarse aggregate particle. 
Note the sand grains and clusters associated with the rim on the 

coarse aggregate particle 

Photograph 3. Core 5, x 10. Same area as photograph 2 after sand grains 
were rubbed off. Crusty calcite deposits are thicker where the sand 

grains were located 



Photograph 4. Appearance of previously sawed surface of core 1 (x 10) 
after core had been removed from storage and the adhering sand grains 
washed and rubbed. Note dark rim and heavy calcite deposits on surface 

of dolomitic limestone particle in center of photograph 



Photograph 5. Core 1, x 25. This enlargement of lower 
right corner of particle shown in photograph 4 was made 
to permit a comparison between the particle as shown 
here and as it appears in thin section (photograph 6) 



Photograph 6. Core l, crossed nicols, x 25. Thin sec
tion shows shaly dolomitic texture of rimmed particle 
shown in photograph 5. No trace of rim on particle was 
left after surface was ground. Note dark paste next to 
particle, particularly in upper part of photograph. The 
smaller, irregularly shaped particles are fine 

aggregate (quartz) 



Photograph 7. Appearance of sawed surface of core 5 (x 2) after etching 
with dilute hydrochloric acid. The dark coarse aggregate particles are 
relatively pure limestone containing little acid-insoluble material. The 
lighter colored particles contain varying a.mounts of disseminated silica, 
dolomite, or mixtures of the two. Thin, white, silica fracture fillings 
are present in most particles. The large particle in the upper center of 
the photograph has a negative rim. An enlargement of this particle is 

shown in photograph 8 



Photograph 8. Limestone particle on sawed and etched ~urface of core 5 
(x 5.5) shown in photograph 7. The light-colored, spongy-looking material 
scattered over the surface of the particle is composed of very fine-grained 
silica and clay which is insoluble in the acid and stands in relief above 
the more soluble calcite matrix of the particle. The thin, white, silica 
fracture fillings are readily observed. Note the negative rim around the 
periphery of the particle, caused by the leaching of silica from the par
ticle by alkalies present in the cement. The rim is more clearly seen 

in photograph 9 



Photograph 9. Portion of limestone particle from core 5 (x 25) shown in 
photograph 8. Note the less soluble disseminated silica and clay on the 
surface of the particle except along the aggregate-paste contact where the 
silica has been removed by alkalies present in the cement. The rim is in 
negative relief (below) with respect to the general surface of the 

coarse aggregate particle 



Photograph 10. Thin section of core 8 (crossed nicols, x 25) shows nor
mal mortar between two fossiliferous limestone coarse aggregate particles. 
The irregularly shaped particles in the mortar are fine aggregate (mostly 
quartz). Calcium hydroxide is present as thin ragged white specks in the 
paste and along the paste-aggregate contacts of some fine aggregate par
ticles, and the limestone particle on the left. Compare the appearance of 

the mortar in this photomicrograph with that in photographs 11 and 12 

34007 



Photograph 11. Thin section of core 6 (crossed nicols, x 25) shows mortar 
next to partially dolomitic coarse aggregate particle. The coarser grained, 
granular-textured portion of the coarse aggregate particle in the lower 
half of the photomicrograph is quite dolomitic; the rest of the particle is 
composed of finer grained calcite. Note the small, ragged, calcium hydrox
ide crystals in the paste next to some fine aggregate particles, and along 
the paste-aggregate boundary of the more calcitic part of the coarse aggre
gate particle. None is present along the rather vague paste-aggregate 

boundary of the dolomitic portion of the same particle 



Photograph 12. In this thin section of core 6 (crossed nicols, x 25) the 
granular-textured coarse aggregate particle in the right half of the photo
micrograph has a dolomitic limestone composition. The dark appearance and 
the vagueness of the boundary, and the absence of calcium hydroxide in the 
zone of paste next to the coarse aggregate particle are indicative of an 

abnormal reaction between the paste and the coarse aggregate particle 
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LEGEND 

CORE NO. SYMBOL 

1 0 

OJ 2 I I 
3 .. • 
4 a a 
5 A 6} 
6 v '\} 

7 • • 

LOCATION 

WET AREA 

DAMP AREA 

DRY AREA 

NOTE: SPECIMENS STORED AT 100 F OVER 
WATER. 

EACH PLOT REPRESENTS AVERAGE 
EXPANSION OF TWO SPECIMENS 
FROM EACH CORE. 

EXPANSION OF SPECIMENS 
SAWED FROM CONCRETE CORES 

PLATE I 




