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PREFACE 

An investigation to assess the condition of· the concrete in 

William Bacon Oliver Lock and Spillway was conducted, for the U. s. ·Army Engineer 

District, Mobile, by the Concrete Laboratory (CL), U. s. Army Engineer 

Waterways Experiment Station (WES). This investigation was authorized 

by Intra-Army Order for Reimbursable Services No. 77-013, dated 27 

October 1976. 

The contract was monitored by the Mobile District Off ice 

under the direction of Mr. Bobby Felder, whose cooperation is greatly 

appreciated. Mr. Bill Kling coordinated District support to CL ; 

during the field work. His assistance and that of th: lock personnel 

was outstanding. 

The investigation was conducted under the direction of 

Me-s-sI."-s. B. Mather -and J. M. -Scanlon. Active -part:ii:ipants in;. the 

condition survey included J. E. McDonald, R. L .• Campbell, J. T. 

Peatross, z. N. Ok, A. Huller, H. Thornton, and D. Glass. The 

petrographic examination was under the direction of Mr. A. Buck. 

The stress analysis v.as directed by Mr. Campbell, with assistnnce 

from Mr. A. M. Alexander. The report was prepared by Messrs. McDonald 

and Campbell. 

Col J. L. Cannon, CE, we.s WES Commander and Director 

during the conduct of this investigation. l1r. F. R. Brown was 

Technical Director. 
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI) 
UNITS OF MEASUREMENT 

U. S. custocary units of measurement used in this report can be con-

verted to metric (SI) units, as follows: 

Multiply 

inches 

feet 

pounds (mass) 

pounds (mass) per 
cubic foot 

pounds (force) per 
square inch 

kips (force) per 
square inch 

feet per second 

Fahrenheit degrees 

B 

2.540000 E-02 

3.048000 E-01 

4.535924 E-01 

1.601846 E+ol 

6.894757 E-t-03 

6.894757 E+o6 

3.048000 E-01 

5/9 

To Obtain 

meters 

meters 

kilograms 

kilograms per cubic meter 

pascals 

pascals 

meter per second 

Celsius degrees or Kelvins* 

* To obtain Celsius (C) t~mperature readings from Fahrenheit (F) read
ings, use the following equation: C + (5/9)(F - 32). To obtain 
Kelvin (K) readings, use: K = (5/9)(F - 32) + 273.15. 
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AN INVESTIGATION OF CONCRETE CONDITION, 

WILLIAM BACOH OLIVER LOCK :AND SPILLWAY 

PART I: INTRODUCTION 

Bc:ckground 

William Bacon Oliver Lock and Dam was constructed on the llarrior River 

near Tuscaloosa, Alabama, between 1937 and 1939. Historical data pertaining 

to the concrete placed in this structure is included in Appendix A. This 

record states that several years (the exact time is not known) after 

completion of the structure, sma 11 cracks appeared in the top surfaces 

and faces of the lock wall. This cracking increased progressively and 

by 1947 had reached such serious proportions, that it was decided a 

special investigation should be made to determine its cause an_d any 

action necessary to prevent further deterioration. Consequently, a 

Board of Consultants was appointed to study and report on the condition 

of the concrete and to recommend- remediaL mea6-ur_es ._ 

The Board examined the structure in November, 1947, reviewed available 

data, and concluded that: (1) cracking in monoliths built with Alpha 

Portland cement was more advanced than in the monoliths built with 

Penn-Dixie Portland cement; (2) there were no indications that workmanship 

or inspection was responsible for the condition of the lock; and (3) 

additional data on the condition of the structure should be obtained by 

drilling cores, examining concrete specimens and materials, and by 

making a detailed crack survey. The complete report by the Eoord is 

contained in Appendix B. 
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A series of cores was drilled including a 36-in diameter core from 

Monolith No. S, the upstream gate monolith in the land wall. The Board 

met again in January, 1948, examined the additional data, the cores, 

the 36-in core hole, and concluded that: (1) the cracking in Monolith 

No. 5 was not as serious as it had appeared from the surface, and (2) 

laboratory investigations should be conducted to determine the causes of 

the cracking. The complete report of the Board is included as Appendix c. 

In February, 1948, the Concrete Laboratory at Waterways Experiment 

Station (WES) was requested by the Mobile District to conduct tests to 

determine the cause of cracking and disintegration of the concrete in 

the lock walls. Two sections of the 36-in core, 2 ft and 5 ft in length, 

and a total of 91 ft of 4 3/4-in core from three other monoliths (Nos. 

3, 20, and 60) were sent to the laboratory for study. Detailed ~esults 

of this investigation are given in Appendix D, and the conclusions are 

summarized in the following: 

1. The primary cause of concrete cracking and disintegration is 

a deleterious chemical reaction between the alkalies in the cement and 

unstable silica in the aggregate. 

2. The study of the concrete specimens confirmed the indications 

developed from examinations and physical tests of the structure that, 

(a) the cracking is largely confined to near-surface zones, and (b) is 

more pronounced in those portions of the structure in which reportedly 

Alpha cement was used. 

The Board of Consultants met again in October, 1949, to review the 

field data obtained since the last board meeting, inspect the condition 

of cracking in the lock walls, and discuss the alkali-aggregate problem 
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involved in this and similar structures. On this basis the Board concluded 

that: (1) internal expansion and external cracking were continuing through

out the various lock-wall monoliths but at a rate generally decreasing 

compared to the preceding two years; (2) the cracking in Monolith No. 

51 had increased appreciably since the last meeting; (3) the Concrete 

Laboratory report was sufficiently exhaustive to serve the purpose of 

this investigation, and no further study of alkali-aggregate reAction 

was necessary for the maintenance and operation of the lock in the future; 

(4) internal concrete giowth would likely continue for an undetermined 

period; and, until it ceased, extensive repairs would appear impractical 

except to specific points, such as Monolith No. 51 whl:·re concrete around 

the mooring bit had deteriorated to such an extent to make it dangerous 

for use; and (5) no further meetings of the Board were contemplated. 

The Board recommended that the concrete in the top of 1·ionolith :~o. 51 

be removed, and that a reinforced concrete cap block be cast on top of 

this monolith. The complete report by the Board is contained in Appendix 

E. 

Purpose and Scope 

The purpose of this investigation is to assess the condition of the 

concrete in Oliver Lock and Spillway through an engineering condition 

survey and stress analysis. The following is included in this study: 

1. Crack survey of lock walls. 

2. Soniscope investigation of lock and spill~ay. 
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3. Examination of concrete and foundation cores and tests to 

determine material properties. 

4. Finite element stress analysis of the upper land wall gate block. 

5. Report of results including comparisons with previous work 

on this structure. 
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PART II: CONDITION S'LEWEY 

The engineering survey to assess the condition of concrete 

in Oliver Lock and Spillway consisted primr.rily of mapping significant 

cracking, soniscope investigation of select~d monoliths, and an examina-

tion and testinz of concrete and foundation cores to determine material 

properties. Field work associated with the condition survey was accom-

plished during the Fall of 1976. 

Concrete Cracki.r.:.:4 

Duri'lg the course of the conditi.cn survey, a comprehensive 

examination of concrete cracking was made. Based on these visual and 

photographic records, maps of surface cracking were prepared for the 

lock structure, as shown in Figs. 1-10. Excluding the pipe gallery, 

where no delineation as to size was attempted, the following surface 

delineation was used: 

DesiF>nation 

........... 
Surface C~ack Width, in. 

Maximi;::, width< 1/16 
Maxim..:::; width~ 1/16 

In ~encrsl, monoliths cast entirely with concrete containing 

the higher alknli cement exhibited the mo~t severe cracking. Of these, 

Monolith Nos. R, 16, and 20 had the most ~).tensive surface cracking 

Figs. 11-18). Honolith No. 5 also had eytensive cracking but slightly 

less severe than the other three monoliths (Figs. 19-20). While 

the number of cracks for a given surface 2rea was comparable for all 
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four monoliths, the width of the cracks in Monolith No. 20 was generally 

larger than in the three remaining monoliths. Restraint due to the 

backfill, operating machinery, gate anchorages, and size of section 

may have contributed to the generally smaller crack widths in the 

other three monoliths. 

The intensity of surface cracking in the lock wall monoliths 
; 

generally decreased with distance from the surface, and, for the most 

part, was limited to the upper 20 ft of the monoliths. Moisture and 

temperature conditions in these areas were probably more conducive to 

alkali-silica reaction. It should be noted that significant cracking 

was located in some instances at greater depths, particularly in the 

bulkhead recess, Monolith No. 16 (Fig. 13). 

The upstream land wall gate monolith {No. 5) received particular 

attention during the condition survey because it had Che most extensive 

surface cracking of the four gate monoliths and was built entirely with 

the higher-alkali cement. The curreµt condition of surface cracking 

_in _se1ec_ted areas _is c_ompared to the condition 0£ the same areas in 1948 

(Figs. 21-31). A number of the cracks located in 1948 are not evident 

currently; however, the major cracks appear to be slightly wider at 

present than they were in 1948. Also, there is surface spalling along 

the edges of the current cracks which was not apparent in 1948. It is 

suspected that most of these changes occurred during the period shortly 

after 1948, since the current inspection indicated almost all of the 

cracks have been inactive for some time. While differences in camera 

positions, focal distances, etc., make exact comparisons of crack con-

ditions impossible, crack patterns and widths do not appear to have 

changed significantly during the_past 28 years. 
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Overall, th•: cha:::bt·r fac<Cs of hoth lock walls appu:r to Le 

in relatively good condition. The river wall face, in p2rticul~r, 

showed little evid<::nce of deterior.::ition. With t!H• excer.tie;n 0£ 

some small areas which have experienced abrasion <::nd gou;;ing from 

tows during locking operations, tr:e river char.:bcr .face ret:ains essen

tially unchanged with time (Fig. 32). A number of th£:: mc,noliti1s in the 

land wall have a sisnificant horizontal cr~ck in their chc:.01ber £.aces, 

coinciding approxim.::.tely with the upper pool w2tcr level (Fig. 33). 

This cracking is ge11Crally confined to those monoliths \!ith .thin 

upper sections and coincides approximately witl1 the change in cross 

section of the monoli.ths. A number of these monolitlis ezhi'uit 

areas of gel leachin~ in their upper portions (Fig. 34). 

In general, cracking was less extensive in the inspection 

galleries than on thi:- monolith surfaces. Examples of this type of 

cracking are shown 5.n Fig. 35. Deposits of gel i·esultin6 from the 

alkali-silica reaction were evident on gallery surfaces within a 

number of monoliths (E'ig, 36). T:1ere were only a very few instances, 

such as Monolith No. 13, where leaching app.eared to be a current 

process. 

A number of monoliths, particularly in the river wall, 

contained the higher 2lkali cement only in their lm1er portions. 

While the upper portions of these. 1r1onoliths <:·xhibit no si;;ni.ficant 

deterioration, the lower portions have cracked as a result o[ :he 

alkali-silica reaction (Figs. 37-40). Consequently, the internal 

growth and cracking of this concrete has caused significant d i.s vlcicer.:ents, 
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both horizontal and vertical, of the top surface of some monoliths, 

particularly in the lower guard wall (Figs. 41-43). Relative dis

placements between adjacent monoliths of more than 2 in. were measured, 

and these large displacements have contributed to joint deterioration 

(Fig. 44). Maximum relative displacements between the joints of other 

lock-wall monoliths were approximately 1 in., and the majority were 

due to internal growth of high-alkali concrete in the upper portions 

of these monoliths (Fig. 45). A co~parison of current photographs 

of joint displacements with similar photographs obtained in 1948 and 

1954 (Figs. 41, 42, and 45) indicates the major part of these displace

ments occurred relatively early in the life of the structure. Some 

system of periodic measurements to monitor these displacements would appear 

desirable. 

Monolith No. 54 would also appear to merit periodic inspection. 

What appears to be a transverse settlement crack is located immediately 

upstream of the operations building. This crack crosses the top of the 

monolith and continues down both the lock and river fa~~s {Fig. 46) to 

near the water line. In addition, there is some vertical displacement 

at the joint between .Monolith Nos. 54 and 55 on the river side. This 

is also evidenced in the displacement of piping at this joint within 

the operations building. 
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Soniscope Investig~tion 

The equipment used in a soniscope investigation is similar to that 

described in Corps of Engineers test rr.ethod CRD-C 51-721. The apparatus 

transmits pulses of ultrasonic sound through a material and measures 

electronically the time requiied for their transmission. The three 

principal components of the equipment are: a control unit, a transmitting 

transducer, and a receiving transducer. 

The transmitting and receiving heads consist essentially of stacks 

of piezoelectric crystals mounted in a metal housing which is covered 

with a rubber diaphragm and filled with castor oil under slight pressure. 

The transmitting head transforms electrical pulses into mechanical waves 

to produce bursts of sound waves lasting a few hundred microseconds. 

These sound waves travel through the concrete and are picked up by the 

receiving head. Both the transmitting and receiving heads are connected 

to the control unit by coaxial cables. The control unit contains the 

electronic circuits necessary to generate the pulses, and a cathode ray 

tube upon which both the transmitted and received pulses are displayed~ 

A time-measuring circuit provides for the accurate determination of the 

pulse transmission time. Velocities through the material can be computed 

by using the following formula: 

_ Path length, ft 
Pulse velocity, fps - Transcrlssion time, sec 

Experience in ultrasonic testing indicates that the relation between 

velocity and quality of concrete of normal density is approximately as 

shown in the following tabulation. It should be noted, however, that these 

values are only typical, and cannot be expected to apply in all instances. 
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Previous Tests 

Pulse Velocity, 
fps 

Above 15,000 

12,000-15,000 

10,000-12,000 

7,000-10,000 

Below 7,000 

Condit ion 

Excellent 

Generally good 

Questionable 

Generally poor 

Very poor 

The initial soniscope tests were conducted in June, 1948, 

by the Portland Cement Association. Subsequent tests have been conducted 

2 3 4 periodically by the Concrete Laboratory, WES.' ' Initial results indicated 

the pulse velocity of the concrete in Monolith No. 5 between the calyx 

hole and the lock chamber face (7.62-ft path length) progressively 

increased from 12,200 fps at a depth of 5 ft below the top surface, 

to 15, 110 ·fps ?t a depth of 35 ft (Plate 1). Subsequent tests, while 

limited to the upper 12 ft. (with the exception of 1952 and 1954), gave 

s_imilar results. -The -variation in pulse velocity, wit:h -ti.me for the 

upper portion of Monolith No. 5, is shown in Fig.47. The pulse velocity 

of concrete at a depth of 12 ft was essentially constant during this period, 

averaging approximately 14,500 fps. At the 8~-ft depth, the trend was for 

concrete pulse velocity to decrease slightly, with an average of approx-

imately 13,700 fps. In comparison the concr~te ~t 5-ft depth exhibited 

an increase in pulse velocity from approximetely 12,000 fps to more thmt 

13,000 fps during this period. 

During the period 1948-1975, soniscope tests were conducted 

on five other monoliths, in addition to Monolith No. 5, with results as 

shown in Table 1. In this group of tests, the soniscope test path was 
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vertical from the roof of the inspection tunnel to the top of the lock. 

The variation in average pulse velocity with time for each of these 

monoliths is shown in Fig.48. In addition the average of the three 

tests on the upper portion of Monolith No. 5 is included for comparison. 

Pulse velocities range from approximately 11,00 fps for Monolith No. 20, 

which exhibits significant cracking, up to approximately 15,000 fps 

for Monolith Nos. 21 and 60, which are essentially free of cracking in 

the upper portions tested. In all monoliths a line of best fit determined 

by least squares analysis indicates an increase in pulse velocity, hence 

concrete quality, with time. 

Current Investigation 

During the fall of 1976, soniscope tests were conducted on 

several areas of the structure not previously investigated. Tests were 

conducted on Monolith Nos. 5, 8, 16, 18, 68, and 72, upper miter gate 

sill, and fixed-crest spillway. The nature of this investigation 

dictated the use of both standard and borehole transducers. Borehole 

transducers are essentially the- same as- the stanciru:d_ type previously 

described, but are waterproofed and are omni-directional. They are lowered 

into boreholes filled with water, and measurements are made through 

various elevations of a structure between the boreholes. Water in the 

hole acts as a couplant. 

Test results are presented in Plates 2-9. Of the 72 individual 

results, only two pulse velocities were less than 13,000 fps, and one 

of these was 12,990 fps. The other result, 8850 fps, obtained in a test 

on Monolith No. 8 (Plate 3) is attributed to some local condition 

on the lock chamber face and is not considered indicative of overall 

concrete quality for that test path. For this test the transducer inside 

15 



the lock chamber was at a depth of 40 ft, or approximately 6 ft above 

lower pool elevation. This is an area of frequent gouges and surf~ce 

abrasions created during normal locking operations. Since tests at depths 

both above and below this level gave pulse velocities in excess of 

14,000 fps, this 8840-fps test result is not considered representative of 

the concrete in this general area. 

Test results for Monolith No. 5 (Plate 2) were essentially 

constant for the various depths within the 16- to 35-ft zone, with an 

overall average of 14,295 fps. It should be noted that the slight decrease 

in velocity with depth is attributed to the transducer drifting away 

from the side of the calyx hole which was not drilled exactly vertical. 

Excluding the one test from Monolith No. 8 previously 

discussed, the remaining 42 tests on the various lockwall monoliths 

gave pulse velocities ranging from 13,360 to 15,210 fps, with an average 

of 14,575 fps •. Results of tests on the upper miter sill appear even 

better, ranging from 14,00 to 15,895 f~s, with an average of 15,060 fps. 

Similarly, te_s_t _results _f(}r the fixed~cr-e-st -s1'illway ranged from 12,990 

to 15,635 fps, averaging 14,510 fps. 

With the exception of Monolith Nos. 16 and 20, both of which 

exhibit significant cracking, soniscope tests indicate concrete pulse 

velocities generally in excess of 13,000 fps. By comparison pulse 

velocities in the range of 12,000 to 15,000 fps indicate generally good-

quality concrete. Data obtained during the period 1948-1975 indicate the 

concrete in Monolith Nos. 16 and 20 would be classified as questionable. 

However, it should be noted that the same data indicate the concrete 

in these monoliths is not experiencing progressive deterioration; in fa~, 

the trend is for increased pulse velocities since tests were initiated in 
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the early 1950's. 

Material Properties 

Two shipments of concrete and foundation cores were furnished 

WES by the Mobile District. The first shipment cons istcd of concrete 

and founciation core from Monolith No. 5 and concrete core from Monolith 

No. 16. Cw.plete laboratory logs of those cores are included in Appendix 

F. The second shipment of cores consisted of concrete core from Monolith 

Ncs. 8, 16, 18, 68, and 72, In addition, concrete and foundation core 

from Monollth No. 100 of the fixed-crest spillway was included in this 

shipment. The foundation portion of core from the spillway was logged 

in the laboratory, with results included in Ap~endix F. Field logs of 

all cores are included in Appendix G. Based on an examination of all 

logs, portions of the core were selected for testing to determine 

compressive strength, modulus of elasticity, Poisson's ratio, ultra

sonic pulse velocity, and potential for alkali-aggregate reaction. 

Also, triaxial tests and petrographic examinations were conducted.· 

Concrete Core Tests 

Fifteen 4- by 8-in. specimens from the first shipment of 

core were tested to determine unconfined con.pr~ssive strength, modulus 

cf elasticity, and Poisson's ratio, with results as shown in Table 2. 

The ultrasonic pulse velocity of each specimen was determined prior to 

r:-:ounting four surface strain gaees, two each lc.teral and longitudinal, 

for destructive testing. Results of tests on 28 similar specimens 

from the se:cond shipment of core and 3 addi.tional specimens from the 

17 



first shipment to determine pulse velocity and unconfined compressive 

strength are shown in Table 3. 

The ultrasonic pulse velocity of the concrete generally 

increased with increased compressive strength (Figs. 49 and 50). For 

a given strength, the pulse velocity was generally lower for the second 

series of tests. The time between drilling and testing was longer for 

the second series and, although the cores were either waxed or wrapped 

in plastic bags, small losses in moisture content would result in lower 

pulse velocities. 

Compressive strengths of specimens from Monolith No. 5 

ranged from 3970 to 6530 psi, with an overall average of 5300 psi. 

Two specimens from this monolith were tested i.n 1943, with one 4. 7)-in. 

core from a depth of 19.0-23.0 ft having a compressive strengtl1 and 

modulus of elasticity of 5140 psi a:1d 4.52 x 106 psi, respectively. 

In comparison,. the averagE of four curre'.1t tc:sts on C()rA frc;:.-, ~ ·~. 5-

to 24.5-ft depth indicates .essentially the sar.:e co·:1prE'.SSi.ve stren0th, 

5180 psi_, and a s_omewhaJ: _lower modulus of elasticity, 3.38 x 1D 6 psi. 

The other specimen previously tested was a 6-in. diamE:ter core drilled 

from the lower section of the 36-in. core whith indicated a compressive 

strength and ~odulus of elasticity of 5200 psi and 2.68 x 10
6 psi, respec

tively. The av~r&ge modulus of elasticity from the two previous tests, 

3.60 x 106 psi, is essentially the same as that determined in the current 

tests. 

Although there were si3nificant vari£tions between individual 

test results, a least squares curve of best fit (Fig. 51) indic6tes that 

18 



the compressive strength of concrete in Monolith l'.o. 5 increasEs with 

depth. A sir:.ilar trend is obsE:rved for both moduL:s of elasticity 

(Fig. 52), and ultrasonic pulse velocity (Fig, 53). Wten the results of 

all strength tests on concrete conteining the hig:··c:·~-alkali cerr.ent are 

examined, it appears that corr.pressive strength inc1:eases with de?th do»n 

to approximately 20 ft, after which the strength l,_,·el is relativ<:ly 

stable (Fig. 54). In corr.perison, results of tests on concrete containing 

the lpwer-alkali cement indicate no systematic vc.::-5..ution in conipressive 

strength with changes in ciepth (Fig. 55). The corr~essive str8ngth of 

this concrete ranged from l~960 to 9150 psi, with <:.1\ c,verall ave:i:2ge cf 

6630 psi for the 18 specimens tested. Excluding ::',r;· t\10 test results 

greater than 9'.:>CO psi, the· ren~aining results rangt:t'. from appro:xir.,ately 

5000 to 7500 psi, with an average of 6320 psi. I:. comparison, results 

of tests on the 25 specimens containing the higher-clkali cement r6nged 

from 2580 to 6760 psi, with an overall average of 5070 psi. The di£-

ferences in pulse velocity for the two concretes wEre not so pronounced; 

however, the higher-alkali concrete did seem to be raorc affected by in-

creased depth (Figs. 56 and 57). 

Stress-strain relations for the two concrete specimens tested 

under triaxial conditions are presented in Fig. 58. The Dodulus of 

elasticity and Poisson's ratio for each specimen ~es calculated as shown 

in Table 4. The confined codulus of elasticity w&9 somewhat higher than 

that determine~ in unconfined tests on comparable specimens. 

Excluding the in situ test at 5-ft deptL, the current ultrasonic 

pulse velocities for concrete core from Monolith ::o. 5 are essentially 

the same as those determined in situ in 1948 (Fig. 59). The in situ 

velocity at 5-ft depth hes varied considerably over the years (Plate 1). 

In the two most rFcent tests, velocities ranged frc:n 12,155 fps in 1969, 

to 13,535 fps in 1975. The latter r-esult is more consistent with core te~;ts. 
19 



Foundation Core Tests 

Upon arrival in the laboratory, foundation core from .Monolith 1;0. 

5 was exarained and logged as shN:r: i.n Apper:dix F. Based on this exc:.;1,ination, 

four zones were selected for testing to determine material properties 

for input to the stress analysis as follows: 

Zone Approx. Depth, ft 

D 63.1-68.5 

E 68.5-73.7 

F 73.7-79.9 

G 79.9-91.4 

Description 

Black shale with 
siltstone 

Siltstone with tan 
clay, shale 

Black shale ~ith 
small amounts of 
tan clay and siltstone 
stringers 

Black shale ~ith 
coal stringers 

The material descriptions are based on the core log; however the petrographic 

report states the siltstone is ~ore properly called sandstone. 

Eight 4/- by 8-in specimens, two from each zone, were tested to 

determine unconfined compressive strength, modulus of elasticity, and 

Poisson's ratio, with results as shown in Table 5, In addition two 

specimens were tested under triaxial conditions. Stress-strain relations for 

these two tests are shown in Fig. 60. The modulus of elasticity and Poisson's 

ratio was calculated for each specimen as shown in Table 4, 

Petrographic Examination 

Samples of both concrete and foundation were taken for petrogrcphic 

examination. Evidence of alkali-silica reaction and the potential for 

additional expansion were of particular interest during concrete core 

examination~ The complete petrographic report is included in Appendix F. 

20 



Results and conclusions are summarized in the following: 

1. The full lengths of concrete core from both monoliths (Nos. 5 

and 16) examined show evidence of alkali-silica reaction. Evidence of this 

reaction decreases with depth, and the major effects of the reaction 

appear to be concentrated in the upper few feet of each core. 

2. Length-changes of concrete specimens from both monoliths stored 

0 
at 100 percent RH and 100 F show that the concrete still has expe.nsive 

potential. In general, these length-changes increased with time and with 

depth. 

21 
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Fig. ll Expansive force sufficient to warp metal grate. 



a. 1948 

b. 1976 

Fig. IZ. Cracking, Monolith No. 16. 



Fig. I~ Cracking in upstream face of 
bulkhead recess, Monolith No. 16. 



Fig 14Top Surface, Monolith No. 20, 1948. 



a. 1954 

b. 1976 

Figl!S Top Surface, Monolith No. 20. 



a. 1954 b. 1976 

Fig I~ Cracking in Monolith No. 20 as seen from 
gallery looking upstream. 
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a. 195ft. b. 1976 

Fig ti cracking in Monolith No. 20 as seen from 
gallery looking downstream. 



a. River face, Monolith Nos. 19 and 20 

b. Land face, Monolith No. 20 

Fig. 1& Lower guide wall deteriorat i on. 

So 



Fig. sq Cracking in upper gate block, 
land wall (Monolith No. 5). 
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"Fig. 2.o Cracking in upstream face at bulkhead 
recess, Monolith No. 5. 
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a. 1948 

b. 1976 

Fig. 2."L Top surface, Monolith No. 5. 



a. 1948 

b. 1976 

Fig. 2.'!a Top surface, Monolith No, 5. 
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a. 1948 

b. 1976 

Fig. 24 Top surface, Monolith No. 5. 
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a. 1948 

~~ .... ~.:~~.,..,.'Y~~Y~-6~~~'-~-
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b. 1976 

Fig. tS' Top surface, Monolith No. S. 



a. 1948 

b. 1976 

Fig . l.C. Top surface, Monolith No. 5. 
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a. 1948 

b. 1976 

Fig . '1.-P Top surface, Monolith No. 5. 



a. 1948 

b. 1976 

Fig. ~8 Top surface, Monolith No. S. 



a. 1948 

b. 197 6 

Fig.1.C\ Top surface, Monolith No. s. 
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a. 1948 

b. 1976 

Fig. 3o Top surface, Monolith No. 5. 
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a. 1948 

b. 1976 

Fig. )I Top surface, Monolith No. 5. 



a. 1948 

b. 1976 

Fig. lL Monolith No. 60, lock chamber face. 



Fig.JI Land wall, lock chamber face. 



Fig. 34 General condition of lock chamber faces. 



Fig. IS' Examples of cracking 
in inspection galleries. 



.Fig.)~ Typical deposits of gel resulting 
from chemical reaction. 



a. OverBf 11 

Fig. !"'7 River wa 11, river face. h. Joint between Monolith Nos. 
65 and 66 



a. 1948 

--
b. 1976 " 

Fig. 18. Monolith No, 60, river face. 
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a. Monolith No. 65 

b. Monolith No. 74 

Fig.)Cll River wall and lower guard wall, river face, 



a. 1948 b. 1976 

Fig. 4o Nosing, lower guard wall, Monolith No. 74. 



a. 1948 

b, 1976 

Fig.4-\ Vertical displacement between Monolith Nos. 73 (foreground) and 74. 



a. 1948 

b. 1976 

Fig.41.Longitudinal displacement between Monolith Nos. 73 (left) and 74. 



Fig. 41 Gallery displacements, lower guard wall. 



a. Overall b. Closeup 

Fig.44 Deterioration of joint between Monolith Nos. 73 and 74. 
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_fig_. 4"' _cracking in river face of Monolith 
No. 54 immediately upstream 

of operations building. 
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PART III: STRESS ANALYSIS 

Reduced concrete strengths resulting from alkali-silica reections 

initiated concern regarding magnitude and location of stress concentra

tions within certain lock wall monoliths. In the evaluation of the 

lock, gate monoliths were singled out because of their importance in 

the operation of the lock and because of the magnitude of their applied 

loads. The upstream landwall gate monolith was of particular concern 

b.ecause it had the most extensive surface cracking of the four gate 

monoliths and was built entirely with the higher alkali cement. 

Consequently, the upstream land-mll gate monolith was determined to 

be the most critical monolith in the lock. As such, it was selected 

as the subject of a stress analysis investigation to determine the 

magnitude and location of stress concentrations and to evaluate these 

results with respect to current design criteria. 

Solution Methods 

A 2-D plain strain and a 3-D solid element stress analysis were 

considered as potential solution methods. The 2-D analysis offered: 

a. Reasonable computer cost. 

b. Graphical presentation of output. 

c. Orthotropic n~teriel properties as input. 

This type of analysis, however, is restricted to the x-y plane and 

does not allow the distribution of stresses in the ~ direction due 

to point loads in the x-y plane. Consequently, a 2-D analysis of the 
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gate monolith containing point loads would, at best, yield question~ble 

results. 

The 3-D solid element stress analysis would model a structure 

that had point loads and other changes along the l axis, such as 

variation in loadings and geometry. The disadvantages of the 3-D 

analysis were: 

a. Higher computer cost due to increase in problem size. 

b. Ro graphical presentation of output. 

c. Isotropic material properties as input. 

When the two potential solution methods were cor::p<:red, it >ms deter

mined thet the monolith could best be modeled by a 3-D analysis because 

of the following conditions in loadings and geometry of the structure: 

a. Point loading:· 

1. Pintle (gate weight and free-hanginB gate forces) 

2. Top of recess (gate thrust) 

3. Gate anchors (free-hanging gate forces). 

b. variable soil loadings. 

c. variable geometry: 

1. Gate and bulkhead recesses 

2. varying pipe gallery location. 

Finite Element Grid 

Monolith geometry and loading are shown in fi3ures 61 through 65. 

A finite element 3-D grid was constructed to model tbe structure and 

30 ft of foundation below the structure. The grid contained 2746 

nodes and 2061 elements and is shown in figures 66 through 76. A 
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finer grid WcS used around cutouts to LilplOVe the accuracy of the 

output for these potentially critical areas of stress. P. vri.lith-

or height-to-length ratio of 1.0 to 7 .::6 was used for minimu'.ll element 

size. 

Input });:.ta 

The structure was divided int;, three zones to rE:flcct the 

decrease in cor.crete strength with t.,c increase in elevation. These 

zones and their material properties , .. ·ere as follows: 

!·[odulus 
~: la s t ic i g y Poisson's 

Zone Elevation rsi x 10 Ratio 

A 129. 6-140 .o ft 2.34 0.144 

B 111.0-129.6 ft 3.38 0.158 

c 77 .8-111.0 ft 4.20 0.204 

The foundation was classified into fr:::r.- rnate1. i:el zones- a-s- pr€vious1y-

discussed in the description of found<tion core tests. Material 

properties for these zones are shown f_n Table 5 • 

Three load cases were used b the analysis, as follows: 

Load Case Operation 

l Normal 

2' Normal 

3 Naintenance 

Description 

urrcr pool water level upstream 
a~~ downstream of gate 

u-.··i'"'r pool water leve 1 upstream 
or gate and lower pool <lownstr~am 
o;~ gate 

Leck chamber dcwatered 

Gate loads and u?lift pressures wer0 0ifferent for each case (figures 62 

through 65 ) • The hydrostatic preF.'~ures in the intake culvert 

were at a constant epper pool head :[.,1· all cases. 



Based on the results from a previous subsurface investigation by 

the Mobile District?, the following properties were used to calculate 

backfill pressures: 

Moist Unit Weight = 128.8 lbs/cu ft 

Submerged Unit Weight= 67.7 lbs/cu ft 

fJ Angle = 30. o0 

Average Water Table Elevation= 125.0 ft 

The at-rest earth coefficient, K0 , for the backfill was calculated 

using the following equation from reference 6: 

K0 = 1 - sin ~ = 0.5 

As dictated· by the Structural Arialysis Program 4 input,pressure loadings on negat 

elements faces were applied as element pressures and on positive faces 

as nodal loads. As a result there were some 1600 nodal loads used as 

input. Gate loads were applied as point loads, as follows~ 

Load Case 

1 

2 

3 

Description 

Free-hanging weight minus buoyancy: weight 
spplied at pintlc and mooent forces applied 
at pintle end gat~ anchors 

Thrust loads: wcLt;:·,t cippli.ed at pintle and 
the portion of the thrust load not taken by the 
sill applied at t~1E top of the monolith 

Free-hanging wei~ht: weight applied at pintle 
and moment forces applied at pintle and gate 
anchors 

Uplift was applied simultaneously to the structure and the founda-

tion thront,h interface foundation elements. For the first computer run, 

these elenents were used to make the interface between the structure and 

the foundation continuous. This allowed unrealistic tension to develop 
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between the structure and the foundation. To correct this a second 

run was to be made deleting interface elements that transferred such 

tension. Also, the pressures due to headless in these element areas 

were to be replaced, with full hydrostatic pressures and uplift recal-

culated. 

A data check run showed this problem to be the largest stress 

analysis problem ever attempted on the WES G-635 computer. The 

global stiffness matrix consisted of 7412 equations with a bandwidth 

of 812. During the first solution attempt, storage was exceeded wh~le 

writing to the scratch disc pack (four million-word capacity) that 

solved the global stiffness matrix. It was later determined that the 

matrix solution was approximately one-third complete and would require 

a multireel tape file having a twelve million word-storage capacity to 

complete. The total solution time was estimated to be in excess of 

ten hours. 

At this point in time, , the WES G-635 system did not have a 3-D 

bandwidth-minimizer program available. The minimizat{on was attempted 

manulllly, with the results being less than optimum. Therefore, the 

efficiency of the SAP 4 program was reduced. A new version of SAP 

(SAP 5) was added later to the system, that does have a 3-D bandwidth 

minimizer. As part of the check on the new code it was possible to use 

the 3-D bandwidth-minimizer capability on the Oliver stress a:-.alysis 

problem with results as follows: 

Bandwidth 
Global matrix size, words 

97 

Before 

812 
12,989,710 

After 

717 
1(),680,LdO 



The solution time with a minimized grid was estimated to be 11 hours on 

the WES G-635 computer. Since the structure and foundation were linked 

together at conunon node points, a second solution run would be required 

to.eliminate tension between the two. The computer cost for the two 

runs required was estimated at $3300 (22 hr x $150/hr). Since there was 

some concern about the capability of generating a file of sufficient 

size to accommodate the golbal matrix, a sample run was made in which a 

file was successfully created containing 10,752,000 words storage. 

It was decided in discussions with District personnel that time 

and funding constraints would not allow completion of the stress analysis 

at this time. Therefore, work on the analysis was terminated, and all 

data was stored on cards and filed at this office for possible future 

use with the SAP 5 program. 
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Figure 66~ Finite element grid, monolith 5 
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Figure 67. Finite element grid, section view of gate r~cess, monolith 5 



Figure 68. Finite element grid, top layer of elements with hidden lines 
shown, monolith 5 
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Figure 69. Finite element grid, top layer of elements without hidden 
lines shown, monolith 5 
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Figure 70. Finite element grid, zone A, concrete, monolith 5 
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Figure 72. Finite element grid, zone C (concrete) and zone D 
(foundation), monolith 5 



20 

20 

20 

Figure 73. 

9 
2 9 

Finite element grid, interface elements, zone D, 
foundation, monolith 5 
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Figure 74. Finite element grid, interface elements, zone E, 
foundation, monolith 5 



Figlll'e 75. Finite element grid, zone F, foundation, monolith 5 



Figure 76. Finite element grid, zone G, foundation, monolith 5 



PART IV: D2.-CUSSION, CONCI.:.USICNS, AND RECOMMENDATIOI~S 

Although the exc::ct time is not kno·wn, sometime after 

corrpletion of the stncture in 1939 small cracks appeared in the top 

surfaces and faces of the lock w2 lls. This cracking increased pro

gressively and by 1947 had reached such serious proportions trwt o. 

special investigation vns made to determine its cause. Results of 

this investigation ir:c:iceted the prir.mry cause of crccking and 

disintegration was al!~c..li-silica reaction. The internal expansion 

and external crackinz resulting from this reaction appear to hGve 

continued at a greatl)· dirninirhed rate during the ensuing years. 

The petrogr<:r:iic examination of concrete core frorr, :,:onolith 

No. 5 shows evidence cf alkali-silica reaction the full deptli of 

this monolith. Simih r results were obtained on concrete from l1ono-

lith No. 16, which was drilled to a depth of approximately 25 ft. 

In both cases the evidence of alkali-silica reaction decreases with 

depth, and the major Effects of the reaction appear to be concentrated 

in the upper few feet of each core. 

Length-che.7",ge data for concrete from Monolith No. 5 stored 

at 100 percent RH ano lnO F show an incruise with time e!nd depth. 

Similar results were cbtaincd for concrete from Monolith No. lG, to 

a uinor degree. Ho~cvcr, all of the dEta indicate enough expansion 

to show that the potc.tial for expansion due to alkali-silica reaction 

is still present in t~c concrete under these conditions of high 

moisture and temperat~re. Similar data for cores stored at high 
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moisture conditions and temperatures of approxinately 70 F would 

provide an interesting comparison, since they would more nearly 

simulate possible field conditions. 

A first impression of the current concrete cracking is not 

unlike that of Prof. R. w. Carlson, who observed in 1948, 1 " ••• lock 

wall is so badly cracked that the natural impression would be that it 
I 

is about to collapse. 11 Hov:ever, as Prof. Carlson later st,ate,d,,. ,'l;.1,.,. pulse 

velocity tests tell a different story, and probably the true one." 

These results indicated practically sound concrete for most of the 

wall, with serious internal disintegration only near the top, and 

Prof. Carlson concluded thet most of the cracking was confined to the 

surface and that the interior was sound. Subsequent soniscope tests 

continued to indicate generally good-quality concrete. In situ pul~e velocity 

data obtained during the period 1948-1976 indkated that,; of the mon.oliths tested 

only the concrete in Monolith Nos. 16 and 20 would be classified as 

questionable. However, it sh-0uld be noted that the same data indicate 

the eoncrete in-these-lll(lno_liths is not ex~eriencing progressive 

deterioration; in fact, the trend is for increased pulse velocities 

since tests were initiated. 

The intensity of surface cracking in the lock wall monoliths 

generally decreases with distance from the surface, and, for the most 

part, is limited to the upper 20 ft of the monoliths. A comparison 

between surrent surface crecking and relative displacements of 

adjacent monoliths and that present in 1948 indicates that crack 

patterns and widths and mo~olith displacereents heve, in general, not 

undergone any drastic changes since the initial investigation. 
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Results of tests to determine m3terial properties correlate 

generally with previous tests and other ·phases of the current condition 

survey. Of the 46 concrete specimens tested, only three compressive 

strengths less than 3800 psi were obtained. The ultrasonic pulse 

velocity of the concrete c?res generally increased with increased compressive 

.strcngt(1 , <:n<l all r..:,sults \7('r" int'.'"' ;: .. nJe (12,010-15,0 1JD fps) of 

generally good concrete, or b.:tt2r. The co::1pressi.ve strength and pulse 

velocity of the hi3hcr-alkali concrete generally increased with depth, 

the compressive stren;;th increasing with depth to approxirnately 20 ft, 

then stabilizing. 

While it is regretted that time and funding constraints pre

vented pursuing the stress analysis to a final conclusion, results of 

the other phases of the investigation tend to minimize this concern. 

In particular, the results of material property tests indicating the 

current concrete quality to be generally good and substantially un

changed from the initial investigation in 1948 tends to alleviate the 

concern regarding the effect of reduced concrete strengths on the mag

nitude and location of stress concentrations within the monolith. 

Based on the results of this investigation and comparison with 

previous work on this structure, it appears that the concrete, despite 

extensive cracking in some monoliths, is of generally good quality. In 

those areas of obvious distress, it appears that the condition of the 

concrete has stabilized over the years, even though the concrete still 

has the potential for expansion due to alkali-silica reaction. It is be

lieved that any increases in cracking in recent. years is more likely 

attributed to physical deterioration, particularly freezing and thawing, 

129 



than to the direct effects of continued alkali-silica reaction. 

Extensive repairs and/or rehabilitation of the existing 

460-ft lock chamber do not appear necessary at the present. Specific 

points identified through continuing systematic inspections as re

quirin3 maintenance would be exceptions. In such cases a procedure 

similar to that previously employed to repair a portion of Monolith 

No. 51 is recommended (Fig. 77). This procedure involves removin3 

approximately 1-3 ft of surface concrete, depending on the extent of 

deterioration, and replacing it with a new reinforced concrete cap 

block. After 20 years the repair to Monolith No. 51 exhibits only 

two small cracks, despite significant cracking in the unrepaired 

portion of the monolith (Fig. 78). The difficulty involved in arrest

ing a propagating crack should be iecognized; and the fact that the 

repair has a minimum of cracking may be further evidence of chemica 1 

reaction stabilization as much as 20 years ago. 
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a. Before b. After (~o "ft'•· lcrJ-. .. ) 

Fig. 77. Repair of Monolith No. 51. 
I 



Fig. 78. Portions of Monolith No. 51 repair 
after approximately 20 years. 
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TABLE l 

SONISCOPE TESTS 

ROOF OF INSPECTION TUNNELS TO TOP OF LOCK 

Path 
:Monolith Station Length, Pu•lse Velocit;z: 2 fEs 

No. No. ft 1953 1954 1955 1957 1959 1963 1969 197 5 

15 (27)* 7. 85 13,285 13,820 13 '920 14' 37 5 13,870 14 ,405 

16 (35) ·,-- 12,020 12,095 12' 135 12,210 12,150 12 '745 

l 
(42) •,•- 12,020 12' 115 12, 190 12,500 12,460 12 '850 

(52) 12'115 12,220 12' 150 12 ,210 12,060 12 ,440 

20 30-lOV 4.42 fr* ** 9,910 9,405 11, 135 6, 770+ 8,420 10,550 

30-3V 10' 160 10,400 9,865 11,220 11,570 10,575 11, 510 12,885 

30-l.5V 10,885 10, 890 10,475 11, 725 12,555 12,450 10 '730 12,850 

30V 10 '860 10' 835 10 ,400 11, 600 11, 880 11,725 11,600 12 '77 5 

30+l.5V 11,335 11,515 10,995 12,520 12,555 12,520 11,420 12,850 

21 5 14 ,880 14, 850 14 ,305 14 ,635 14,445 14,585 14 ,540 14, 985 

t 10 15,085 15,155 14 '635 14 '735 14' 585 14 ,830 14 '585 15,035 

60 31H 7.97 15,125 15,035 14,895 14 '870 14,730 14,850 *** 15,300 

i 32H t 14 ,570 14, 545 14, 360 14,260 14 ,310 14,595 *** 14' 870 

3311 14 z 335 15 2010 ll.i 1 870 llf z 7 60 14 z 7 30 14 1 815 *** 15 1210 

* Parentheses around station npmbers indicate that these stations were established in 1955. 

** No readings obtained at this station in 1953 and 1954. 
+ Cracks ug to 1 in wide wer~ pbserved in Monolith 20 in 1963. 

*** No reada le signal obtaine 



TABLE 2 

OLIVER LOCK AND DAM 

CONCRETE CORE TESTS 

Unconfined Modulus of 
~1ono lith Spec. Approx. Pulse Compressive Elastic itt ,* Poisson's 

No. No. Depth ,._fE. Velocity, fps Stren;ith, psi psi x 10 Rntio 

5 1-A 1.0 13,812 4120 2 .10 .122 
2-A 5.5 13,914 5670 2.50 • 159 
3-A 7.0 14, 347 5530 2.45 .173 
4-A 8.5 13 2 770 3970 2.31 .122 

13, 960 4820 2.34 .144 

5 1-B 16.S 14 ,391 4230 2.86 • 128 
2-B 18 • .5 14 ,622 5380 3.74 .153 
3-B 21.5 15,136 5540 3.46 .181 
4-B 24.5 14, 7 55 555() 3.47 .169 

ll+,726 5130 3.38 1 t;o 
• .,J :._) 

5 1-C 42 • .5 14' 711 4670 2.99 .167 
2-C 43.51 15,136 5930 4.98 • 218 
3-C 46.5 15,418 6580 4.70 .250 
4-C 47.Cl 15 2441 6450 4 .13 .179 

15,176 5910 4.20 .204 

16 1-H 7.5 14 '733 4980 2. 77 .278 
2-H 8.5 14' 170 3860 2.03 .163 
3-H 11.0 132408 2610 1. 37 .342 

14, 104 3820 2.06 .261 

* Secant modulus of elasticity determined at 50% of ultimate stress. 



Table 3 
Concrete Core Tests 

Unconfined 
Monolith Spec. Approx. Pulse Coffpress ive 

No. t::o. Depth, ft Velocity, fps Strength, psi 

8 8-A 5.2 13,316 2580 

l 8-B 6.3 12,820 2670 
8-C 15.2 12,657 4080 
8-D 16.2 12,900 3880 

16 16-J 16.9 14 ,062 6760 

i 16-K 17.9 14 ,062 5950 
16-L 19.0 13,690 4240 

18 18-A 6.2 13,975 5990 
18-B 10.8 14 ,492 6320 

18-C 15.5 14,273 5140 

18-D 19.7 13,975 5651) 

18-E 23.0 13,833 6310 

18-F 25.5 14,062 5780 
'( 18-G 27.1 13,854 6380 

68 68-A 6.1 13,945 6110 

i 68-B 11.0 13,916 (,0 30 

68-C 16.9 14 ,583 9050 

72 72-A 4.0 13,860 6340 

t 72-B 5.0 14 '945 6620 

72-C 17.2 13,500 7460 

100 S-A 5.4 14' 149 9150 

(Spillway) S-B 12.6 13, 860 7210 

s-c 16.9 13,981 5860 

S-D 25.5 12,000 5850 

S-E 32.4 lL;,527 7150 

S-F 38.2 15, 345 7410 

S-G 44.9 14' 583 7030 

S-H 51.6 14' 147 4960 

S-I 56.6 13,833 5990 

S-J 59.6 14 ,062 5840 

S-K 61.3 13,854 6380 



Table 4 

Triaxial Tests 

Concrete and Foundation Cores 

Min Prin Max Prin Modulus of 
Mono. Specimen .Approx. Stress, 03 Stress, <1'1 Elasticit6', Poisson's 

No. No. D~pth, ft psi psi psi X 10 Ratio 

Concrete 

5 T-1 40.5 200 8080 5.39 .227 

T-2 48.5 1000 11440 5.84 

Foundation 

5 Tx-1 87.0 50 5220 1.45 .306 

Tx-2 90.0 250 5680 1.58 .500 



Table 5 

Oliver L&D Foundation Core Tests 

Unconfined 
Mono. Spec. Approx. Compressive Modulus of · Poisson's 

No. No. Depth, ft Strength, psi Elasticity, * psi Xl06 Ratio 

5 2-D 63.1-68.5 5120 1.49 0.064 
3-D 4430 1.09 0.254 

4780 1. 29 0.159 

5 1-E 68.5-73.7 4400 1.68 0.233 
2-E 11920 2.68 0.128 

8160 2.18 0.180 

5 1-F 73.:7-79.9 4790 1.15 0.293 
2-F 5230 1.16 0.289 

5010 1.16 0.291 

5 1-G 79" 9-91. 4 
I 

4160 0.86 0.296 
2-G 3760 0.66 0.311 

3960 0.76 0.304 

*secant modulus of elasticftY determined at 50% of ultimate stress. 
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R!.etoricB.1 Ds.ta Perts.ininr:: to Concrete 
Plv.cea in the :.'.'usccloo&c. Loci: e.nd Ds.m 

General 

1. !he Tuscs.lo.osr... L6ck and Dal:l is locnted on the Warrior F.:iver nt 
~u1oalooaa, Ale.ham., and '1111!.S constrJ.cted by the Hardaway Cont?"acting Com;>~· 
ot Columbus, Georr;ie.,, under Govern:a.ent Contract No. W-559-eng. isos. dated 
2 Deoe:nber lSSo. The placing of ooncnte was oo::mumoed ll October 1937 e.tt.d 

·· ccrnpleted 15 September 193$ • 

c~t 

2. All oe::::.ont wus furnished by the contractor, app~tcly 90,000 
bnrrels baing eecured froo the Alph& .Portland C&;et!t Oo;npany, end the btl&nec, 
app?'O.tim&toly 120,000 bc.rrels, fro::a the Penn-Dixie Ceer.ent Com?eny. All test;: 
cf the ee!l.l.~t were ma.de by the Pittsburgh Testinc Lc.borntory,, B~t;htua • .Alo.
hams. u.~der a contra.ct with the construction contractor. 

3. The Government contra.ct for the construction of thiG ·look &..'1d de.:n. 
required that the csmen.t "co:irorm to Federo.l SpecifioQtions ss-c-lSl, fer 

• Ce:t1ont; Portland t • Oct. 14, 1930 j with the following exooptior.::: 

°COI:.?ound Co::l.?.o:sitioni It zhe.ll co::tttin not 11<.ore than 55 percent 
Tri-Calei~Siliee.te co:::.pcnmd. (Sce.0. Si.Oz) nor more tluu1 8 peree:it Tri•Cclciua:..
Alumine.tc. cm::pound {3ca.o. A1203)j co:tputed from .finishttd cement a.?16.lysis in 
acoord.a.nce lti.th the mothod outlined by R· E. Bogue in Paper No ... 21 1 Portland 
Cuent Association Fellonhip, ml Calculation of the COl:l?O\mdS in Pcrtle:ld 
Cement." 

4. Tests were ms.de in the bins at the mill and e. conclete test was 
ma.de or each 2.-000 barrels of cement. Reports ct all tests· ma.de •ro f'un:;.i&hed 
the Governcent and a. certifies.ts wu e.la? .turniah&d tor a.ll oars of oeJlie:nt de
·11 vered for uao in ~ lOQ.k and dam, giving the number of the bin from which 
taken a.nd the l&boratory teat numbers end dt..tes. ill ~ent usod complied 

. fully with the spocii'icaticns. no Righ Early .Strent;th Ce::ie:lt 1"aG used. 

5. 'rh$ os=ient '\TQ.S delivered to the Sito ot tho 'W'Ork in bulk. On tl.r-

ri'ft.l e.t the aite the cntent was discho.rged f'ro:c:. the ev.rs into n hopper .fro.a 
~ch it W&.S conveyed by serer. conveyor to a belt conveyor which tn:nsported 
it to a irteel silo or l,,000 barrel capacity looe.t.ed c.t the tixori;, from v.l~ch 
it pasasd OTer bntcbinr; scales to the ci:l::srs. 

6. 'l'hs first ear of Alnhe. cC'..nr:nt vre.s received at the ei tc 7 Ootobcr 
l9i7 t.n<l the le.st ear 7 lla.rch.1938. Tho first car of Penn-DiT..ie Cement Tr.;;.:: 

:-aceive:l 7 llarch l9S8 &lld nth the exoeption of the oeme?lt re--.r.s.ininc in tho 
cilo and two cars of Alpha co:nent contai?linc a total c~ 673. 7 ba.rrsls recei~O. 
on 1 March lS~S,, Penn-Dixie cem8!1.t was usec in a.11 concrete ple.eeC. after t:.'lis 
de.ta. 
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Alpha come:t 'W~c uaed in the follolTin~ monoliths: 
:z.1'11~ 1J1 

Entire Monolithc Yes. l~A6,,~9, 10, 12, lS,,116, 19, 20, 22-24,, 
25. SZ to 41 incl. e.nd 51. 

Lar~~r portio~ ct Monoliths Nos. 3, a,, 1 1 ll, lS, 11, lC, 23, 26, 
52 to 7' incl., lOO to 115 incl., l~, 154 
e.nd 156 .. 

e. The fine e..nd coarse 11.(;brogates used ccnsietod or ~aturi::l :.end 8lld 
b?'EtTel e..nd w-"c :secured i'ro:n. the l!ontgcnory Gn.vel Col=?nny, Uontgo.:;,c?'j", Alaba.:..a .. 
No admixture 'ml.S used. 

9. Practiec.lly all or this ar;grese:ttt ~ taken fro:n a pit lt.•zatod. a;:>
prox.itTie.tely 9 milec: "WS:::t or Montgomery. For a short period it \'la:S ::ioceasar-1 
tc 8ecuro £Ql;,e or tho lv.rzer sizes of the coarse e.r;greoite from c..::.cther pit 
in the 8f.l.:[:C vicinity. with 8. rffW e!l.T3 Of tl-.is luger &ggrega.te bei:;·<; S&Cur6U 
!'rCG Se l:i.a., A.la.baJ.aU. 

10. The pr~ pit consisted of a.n artificial ltl.ke near tho ec..st be.."'lk 
or the Ale..bm:.'.l River. All or the sand Tm.S secured from this pit. ~he IiOAtoritl 
was tcl!:en fro:.i. the pit by hydraulic dredr;e without eu.tterhead and w:.s dische.rcad. 
o:ito Tibra.tinb screens located on the bw:ili:. The screening plant could be ad
justed to produce a ver.1 wide rani;o er sizes e.nd tho z::ie.torials, be·;::. sand and 
t:n.vel, -were thorouE;hly washed by high pressure jets while pudn:: through tb.e 
screen. coc.rse agr:..regate 11\t6 loaded into the rail road ca.rs in t\;c ~es in 
sizes, gravel ransinr; in si~e i'ro:n no. 4 sieve to 1/2 :m.n1mum size (3/4 inch) 
being leaded into sepan.te cars f'ra:a gn.vol over S/4 inch to ~"":':.1;;1 si&G 
(l-l/2 inch). On arr.iv.D. at the site or the m>rl:• the coarse .at;c:.·(;:.:a.te 'M?.D 

dUt!lped fro::J. the bottom dUI:I? ee.rs into two batching bin&_ one bin fer each 
re.:lbC in sizo.. Fron theit&- bins- it pas-sed ave-: b&t3h.ing scales- to ~ belt-eon
veyer which t:-ansported it to the batch ho?per~ a.t the mixera. l'2:c..re was no 
ceoara.tio:::i ir. the Ei~es. c'!.: sand. OU e.rrivtl at the sito too se.nd -:-:::.s dUi:I~ied 
into tu-o ~t:chinr; bins r.:::1 p&.a:.e<l i'rcr.:l these "cins to tho bs.tohin::; ::O?pers~ ut 
the clxor:; 1:1 the Ge::n.e r:c.."l!ler C!l~ on the Sc.::lC belt conveyor as t1·,., f:':"a.vel. 

11. To 6etcndnc r.:1ether the pit wu.c satisfactory as a sour~··_, for the 
a:r,rer,n:;;c the Government enE;Ut.-;o:l tl"..e Pitt.:bi.:r.;h Teetin{; La.borate:::·, Ein:.in~;h:;:;::, 
Llz~, to c;:s:;;;.ino th!:: :1i t e.:ld tc r.cl.:e tez:i.;s of the m.c.terie.l.a, L: .. '~ver ell 
tests of the c.gz;rebf1te uol!verc:l for use in the wrk vrcre mo.de by -~:.e Sout..1-tc!':: 
Testir.s :.i:..boro..tories,, Eiri..:..in;;~, A.lob~,, unC.or Govel"JlIZent Cont:: .. :;:; llo. i:-
56S-eng. l67S, ceted 9 [..ej)tember lSZ7. Sio7c o.::ia.lyses er each c:;.,- of e.[';b!"CG::!.to 
were tlD.de by Goverm:ie..Tl·~ ecp loy-ees. 
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l.2. The first i.h.i:pxr.e::t:: cf a&i;ref;a.tc were reeeiv~d. at tho Git.r;- d~tin:; 
the month or Se:_;;;e::.ber 1937 · :1 for c. &hcrt period tho eie'7C e...~.&.1:.rses fc1· B...;;-

eepta.nco pu...!'o&es.: W\i:"e :r.AdE th~ i:ite oi' ti1e work, ei'wr -i'>l"d.cl~ tiJ.i .:..£.c::-(;.-
gates "'MJre e.r.ialys~d and a.cc..:· :;,~;_ at the pit tith tht:: mr.terll.l. ~:int:; spec-" 
chooked o.t the i:ite. 

lS. Cor;.t:iCerr.ble diff:.,·;.;.l ty "Ml.S enoountered in proC.uci.n.r; sa!td nth tr~:;;. 
roqui.""9-d quru:.ti ty or fine£~ '.'-.Jc. some di:f'f'erences -wero fo;md in the e..no.lys<.~ti 
at tho pit e.:ie t...lis spot cha::: 4!18.lyses at the site. !his was thcroughl~t in

. vestize,wd and re.sul ted in ·L.o analyses fer aceepte..:loe PUJ'?OGeC beinr, e.i;:c.iu 
· ma.de at the site. Atter a.C.,"' :stm.ents were ::itacie in tho soreene tc' produ00 ~'1-.; 

aand i;radatio;is requ!.red b;r ;..:ie spe.cificatioos,, c.t both the pit c..ntl. tlle sit.~·; 
of the work, ti'..e eieve s.ne.J..: ·. i.s i'o:- a.oc.ept.£!.noe PUX?O£es -..& ~i!: ma.tis c. t ~he 
pit and spot cooel:ed at thi:.': ;· . .:.te. 

14. ill chlr...ic.r.l. a.nd pt\'-Siee.1 te::t reports made by t."ia Southern Tectinc. 
Laboratories o:i £.~ce.te i!·_ ' . .:..ce..t&d tu!.1 c~lUw.eo with the Bpt10irioe.tionc. 
with the very rare exeeptiO:- •:f: tf.:l occa.tio::E..l. report ~ ?lc.te II or :rl.o.te 
1-ll tor ort;e.nic rie..tter in "'- :- .: sand. 

Jli::rlnr; Water 

15. vtu.ter used. in all ·· ~crete ~es Y."B.S fra::ri. tho \'nlte?'\--rorl:!t ~""Sten:. 
of the cit:; cf ~sco.lcosa. _.-~e water for oo.ch batch oi" concrete m:.s wei~h?.c 
en soele& 1 for th.a~ purpo!t:! :'...ooated o.t tho mixera.. The quantit"",r of' watc~ 
added at the 1':.ixer 'm'..!3 the r, :;<,.::::itity requ.i.r'eci. for the mix less the qusntit;t of 
111a tcr in tbs af;t;rtSG£. 'b:: • 

Concrete 

ls. Arter nu:ru:ro.us I!li:c•:~ nrc decignad the J:!z o.doptod fer ClM*' D 
concrete eonsicted of' 846 lh.:.~ o~t., 2460 lbs. ae.nd. 1620 l'b& .. gre.:vel 1;0. ~ 
to 5/4 incil.. and 2SS2 lbs. r--2·ttwl over Z/4 inch to 1-l/2 ineh, for a 2 0-..4bic: 
yara batch. 'tile cix 'Vl'8.S u~· ::•cl fro:t the ber;inning of the concrGi;c wrl:: t:i 
2S I.o'Y"C:lber l$37. At tbis i_:.:.:.~~ :th& 00.teh W"'...t: changed i"rcm 2 cubie yu.rd& to 
2.2 cubic yards, e.!ld consi.c: :;:! of 931 lbs. 0&1.ent,. 2500 lbs .. sEmd, 1990 lb~ • 
-g:ra"Vel-J;~ .. 4 ~ -Z/A-inch1 _s_::.~.)_:) _lbs .. _r;ra...-el ever 3/4. inch 'Co 1-1/2 inch, w!"-.i_cL 
w.s cox:ti!luee until 5 Jan.UL!-· l9SS. At this 'time a series 0£ e~eriJlkentt: m::.re, 
s~e2. in c..n af!"ori to &l:.:: ::::u:..t~ air :v:tts which appeared en th::;,. fac.e& err -thr' 
eoncrei:;e lm.lls. Thos6 ~"t?c·< .1sntc ccnsisted pr...neip~ly cf• i?tcre~illg th~ 
CS!OOnt conte~t C!d va.:·,yinr -:~.<~ ratio c: thC:' two sacs e~ e-ov....-i>fJ) t..Ct;rct~te. 
this e:i:per-1...tiental mi~..:: co:::r:.:~::,:eid until a.'!:iowt 19 Feb~,. lsse,, ~t wl-~ich tS.r.:.i::: 
&. JC.% eo!lsis;.ir;.h cf SSl lb~ .. ;:c:::ne:i:t. 250~) lb:;. sand, l74C lbt:. p-avel ?~::. ~ 
to S/4 !.ti.oh, &.UU S2f-f lba. ; ·--~wl ove:- z/~ inch to 1-1/2 inch Tn;;.£ e.d~t.e~ 1:..!i:l 

used rlt!-.1. sli;::.1:.4,; w..riatio:i.!". .. :.:, the retie of' the "li;ro ci:.es or c.oa:-se, El.[;6:-ecatc 
until lB May l£Z9. J1ter ~~: .~s d&.te tll or tho Cl&.&n B eoncrete ~·ir.i::;_r, to 
be place!! was in the d~ c.:.. the tlx used ooncistod of B-15 lbri. ce~e::rts z40:_:, 
lbso ee.nd, 17GC lbc. gr;;:.vc:: ::>.),. {to Z/4 inch, 2682 lbs. grr;..vel ove:- :;./1 i:lch 
to l-1/2 ino!:. !or a 2 cubic --,:..!"d bt.tch, ti~h slir;ht vc.:ia.tio:u1 ::n. the eo~~;:; 
e.r;i;re~to for cO!!.t!"ol PU.."1 c - · ... 
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17.. Ver;r lit".;1.\i Class L. cor,crete 'WS.S required. All ccr.._2;;res:ion tc1r'i;s 
ueinc G i·.:i.c:1 h:y· 12 ir.ch c~;llnderc i:ld.ieatt!d CO/Z2Z'etieion :;tNU(;thz at 28 O.r:.;:"-
1..::.t;her thru:-i. tha Z, OOJ po:.mds per ~quaro inch for Cla2s B and. S, 400 pcn:md.c f'cr 

· C l.e..&s A cone~~ :'l:r!lUired by the co:rtra.c t v 

113. Th<.• concrotc '\t!l.S :mixed :!.n two 2 cubic yt.rd cixers er the tilting 
type B!ld ,m,s tre.:.i~;_Jortad to the :::.onolith.s by ca.'bl~y. cableT.G.y and whirler 
derrick,, e.nd by ·oel t eonveyor R:H~ tram traek to whii-:i.er derrick which ple.oed 
it in the fort.:. The bucket& were the &i:ttt. ;:i:xe:t eyliudrice.l, bctta:J. dw:i;_>, with 
ct;q:r&Cit-.r oi' S cubic yur:is... Drc>--'/C' 

19. Arter the ooucrete "tmC c!ut:!ped from the buckets it \'ra.S vibrated. with 
11.r;provod. rtbratcrc to raduce the pile to the 24 inch tl1:'~..tm. thickne~s of la~rcr 
required by tho co.ntraat and to r.ecure t.."1orour;h eo=pMticn. The TI.bra.tin:; "~ 
e.uppleme::rted by M.na. spa.d.ing adjacent to the forns. 

204 Y!:!on concrete vra.s pkocc: nth the m!!.bient tl!i:l:H:rature less than S5 
debrecs r. the ecntruetor ~ ros_~ired to l:.eat tho I;l!itari.'lls tc produce a 
~crat-..u-~ of the concrete, w!lc°.:; pl&.0ed, of not less th!lll 50 degrees r. 

~l. !he. clcpt1ls of tha conorc~ lirts ~.....rieC. fro::i. four feet to appro:i
~ttly ei;::ht foet 'With the de?t.'1 OOWOG::l. !'i'\'"O f.~d SC'\"'ell feet predO!'.".ina.tinE• 
There m;.s no l ~,,. 4 t far the title U:.te?'V"Al between the tiourini of.' lL.""ta e..nd. in 
a n'Um.ber of' casos lifts were poured on nuooesniYtJ de.y~. 

22. t~ll concrete ~us kept wet durinc; the 14 day curing period required 
by the oCJJtr-act bJ.' cover....!lt; 'Y:itL wc.ter Md sprinklir.g by means of perfore.te,l 
t-ipo. 

l';is~lle.neoua 

2S. Thero lro:ro no indico.tionc at e.n:r tim.e t.il&t tho qualit--.r of the oon
crete all to stre:nt;th e.:od .dure.bility ~ not adequate.. The only tJ.U•Stion ari::
ing; rele.tivo to the a.deque.cy or t.he mix was in eon:c.ection '\rl.th the f'aees or 
the wall wl-dch ccr .. tc.ined num.erou:; s=.ll air pits and an occEl..Dional aUlSll area 
Cf honeyoos:.b. ln &.ll effort to E;~ ~-jna.te the air pit::; varioun chan{;e:S 'lfere 
t:ll.de in tile conerei;e ~;"'" consist:'..n.£; pri:ncipa.11~,. in inercuin£; the ce::ient 
oonten'!; ~tl ch&L:;.ec in the ra:~i(; cf le.rc_e coarse at;.;;recr..tc to t.e:cll coarse 
~r;ato. 

24. SC"':cr--...:..1. yours (the e:c:.ct ti.mo x:.ct i:nm-~1) c.ftc~ the ootC.pleti~ of' 
the struct...ro E.l:c.ll creeks v..ppei;·.::-cei in t:1c to.~) cu.rt~c<o::> f.!'.!cl. :C'aocs er the loc';.~ 
W'"'..21, c:.C:. 'tl·.i..: c!"'"....cl:i:i:::.:: hc.s inc::·.-::.;-so<l p.•c;:rt,z c i zely ix1til the present t1=.c. 
The er&~b: did net rea.ch scricu.:: rropc:--t::o::.i:: w.til t!:.i:; j·ear ( 19-17) 1t'hc:1 it 
-..~ cQc:lc:e:l th::.:t {;i. cpecicl i."'lvcr;-'.;ii;e:tio:~ chould b~ .t::9..~e t.o cle"tc!":"..ine its 0<.t~~o 
o.nd t:.c-;;::..o:~ nece~ i::r:..r:.· t:) r:rove.~t ::"'-.~the:r. C:ctcr.:..or.:.:. tic1:.~ 

2fi.. 'l'ho i'c.llo;~:-.1.L.z rocorC.~ ~clc.tivc to tho co::.crt;~.G plCr.c£<::1 i:-i the 1-..:scr;.. •. 
loo&o. Locl: c.:J.c Iin.::. ere e..TI'.ila'b1'::· ic1 the District Offico 3 t.:O"oilo, Alabt:r.ili 
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Test re2crts C::'.i c~ent by the Pittsb-.zrr;h TostinG L!.i.bcn'.tory, 
Einl:.inz;ham, Ji.lubal:.IS.. 

!ellt ro?orts C!l .fino and coc.rs10 e.~reg.n:tcs by the Scuthor:l Test,... 
inc Lcilion.torles, Sin:.ing!:w.:'4, .U~. 

SifJ"V'e imelyses cf fine c.nd. eoe.rse e.i;r;regate, 'by Govern:r:.cnt person
nel and the Pit+...s:r..u-cJ:. Testinr; Lab-ora-to:-.r. 

f&hulc.ted record or etu"S of eoment received givin& C.~/~o rocaivoe, 
number ct ta....~:s, b~ i'ro::a wc.ich shipped. o.nd c.ne.lyaos for each brand 
o£ cer:.s:it. 

'.l~tJ:n.tlc:toe ~co:-d of each de.y1 s pour or ooncreto givi:lc de.to, manc.
lith ni.m:.ber, mil:, Glu::!iJ, &nd (iur..ntity plu.c~~. 

Concrete pror;ress ~hart shor.inc the n~be: or eaeh ~~~oli-t.h antl 
t-~e date a:i. whieh f3"ac!~ concrete li..."'t ~~ pourecl. 

26. f.h.ora c...~ t.'ttt:chc<l hereto pri:l.ts or typioe.l shooto ct tho tabult..ted 
r~crd.!i a:rd cha.ri li&t.:>3. in th.G e.bovo pe.ragrz:;:h. 

PIV?e.red 11 l4oTel.ilber 194 7 
by f". F. Ge.ti .t:..r,, Pr-1.?:ci?a=-i. F;ngineer 
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[,".;"]J'..:.;CT: Investi;;ation of Disir•tegraticn 0£· t:~e Concrete in 
TuscLloosa Lock 2-nd Dr.Jn. 

:FRC1.:: Boe.re. of Cor:sulte.nts 

l.:...~:05.t.ii!:.L.'!.: TO: District I.:nt;ine er 
Corps of Engineers 
!~obile District 

1. L"l accordance 1'.'ith previo'l.:s (;..rr·e.nge:rnents t:b..e undersii;ned 
e.sser.-1jlcd t'.t Tuscaloosa on the norninr; oi· 24 :.:0ve1:b;;z- and inspected 
t:r.-s opert.ti:::t:; g~llery :;.~d. all parts of "::ne lock walls readily visible 
ty dre.1•:ir~;-s doY.'11 the 118.ter in the lock. It vr::-.s not possible to make 
i;..n i~:spE:cti{)n of t..11e de.r::,, since vmter ;-.-s.s flo-;-:ing over the crest but 
-:.~e aoc.rC. ;-.-us advised tha-t when the cre:::t of the d€:.I:l -... ~s unwatered 
:;.. shor-t tir.e e.so there ·;:as no visible crc.cki:_; on the crest or the 
0.c-;;ns tre!::.z::. slope o:E' the ogee. 

2. :;..fter a close inspection of ~l-... s ·vr-.rioc:s r._onoli ths in the 
lock -.·::::.lls and e. rrJviei7 of the data pr€;s0nteci for use at this con
fero!1ce, i-'.:" ..-.-&..s evident. th&.t the crc.cki::::; i!: no:;.oliths bvilt -r:ith 
Llphe. ?crtlc.n<l ceEi::nt fro::~ Bim-inr,ha.u is in c. r:o::·s 2.C'.7c.::1ced stage · 
t:-:~"n i~1 the nonoli ths "ouil t \'ri th Pen..-:.-:1::.::ie ?or~lt~nd. cement. This 
s··s. tei:.er.t :;·1010.s re;:::r~rci.les s of t:C.e posi -::.a~: of the cer.,ent in the 
LC•noliths in so fc.r a.s surface i:ndice.tic::_s are cor.cer~0d. Until cores 
l:<~-ve bee:'- drilled from sone of the mc:c"cli·~hs r.:t:>:·cct::;d. oy the crE>.ckir..i:; 
it v:ill :r:ct be possibl8 to deterrdne ,-::-.~·:~r"c1· ":;h:Jro is c..ny difference 

. bet-1•e0n ":;}13 t;.':o co;.;;;;~;.:i:!;;s rs lo.ti ve to d.eri".:h or e:ctE.nt of cracking in 
tl:e i:;tsrior. ce""""~ 

3. i:'here are no i::;.d.icc.tio11s 0:1 t.:-,e :::.;~ruc·:-;ure or in the ·c:Le.ta 
f'urnis:!-lEC:. thi.t the nor}:;:r::!a:ri..ship or ir..spect:'..01: w::;.s in c:.i:y way responsible 
for the:;::. r.:,sent condition of the lock. •-11 concrete st:rfe.ccs, ·ahether 
horizoEtal o:c vertical, t:ive evidence o::· Ylell placed low slump concrete. 

4. ..s r.. basis for cleternining th3 C;X-'cen"::; o:f' repc.irs to the· 
lock -r,-;.,lls th::..t sho15ld l,-e-underi'z..kenB..-°:; ~ii.is tice 01· i:'.l the nec.r rutur6,, 
t:i.e follo·;:irc.; poL.:.ts vmre ai:;reed upon 6..:'.''~cr a thoro1..J.t;h discussion of 
t:i.e v::.riot:.s fe£.7.ure.s in1olved in possi"cle rcpc:.ir -.rnrk: 

a. L:e..p all cracl::s ~!1. BlocJcs .:.;, 5, 6, 20, 51., 54, 55 urJ.d 60 
by eith<:;r p<-.;.:-to;r.;~phic r..eticods or by p::-o'co.;r::.phic n:et.:r_o.:ls_, rr..arki•!G all 
c:--c..cJ:s ;·:i~h cr,;:.lk i::.-1 slli-fo..ces "co ·ce pf:o·:o:;r::.!:h:=.C:. so thc.t the crc..cks will 
be ra.dily 1;:Lsiblc. 

b. Locate tl-£ cen'cer o:· all :'.:'o-.xr loc1:-c£,te pintels oy intcr
s·:.;ctio:;. :'rcr:: rc;Lciil:y c.ccessibl2 ~)Cl"'IT:.e.n·-:~t :r::c::t:t:ents to Ls to "'oe c.ble 
tc :r.:s:::. S\.~_: .. :~ [·.11 :uturo no;;er:6 n-t.:: s ciue J--:o ·'-.c..r:.~ c 2."'£'. tu.re cl-'~.a~1t;es in the ccn-
c-, 4·c oc• .!.(-"' T'O'•'oli",.'t...,. o- "-o .,.,,r.Lh_..,,. ~---.-r..-,~-:--n r:.,..~c1-~·e- .1.1c . .!.. "• .L.c.1re 

.i. ..... v - J_,..;,, J.-- -- ·'1!-u J. 1_.. ..:.V-..1 v ~_,-. ~'"-:..:"·--~-'.J,. .i-..· _._,,,,. • ... -....t...--~ v-1l.' .. V T.ic."..:l ,,· ... 
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plri.ce in the lock-t.;c.-Ce ·olocks. hll ctn·c;s·yi11:.; ,;_0110 i:1 ccn::-Jec:-::icn ~-."ith 
pin-C0l L:.tcrsection loco..-Cion shoulu i)e c.cc:on:~'l:Ls}1ee.ci. ·:..,0t-,re<- n •.:lc.yliglx 
e.n<l St:..'1-up so as to o,-,-oid errors ciue 'co "cemp-0n: ... ·cun:; V£·.ri!:.tic~1 v.i'ter 
sm1-t.:p. ~~\ .. -:!·:I_Jera.ture records and Yrcath ..... ::-- co:1cli tio~:: shov.ld l;.lso e.ccor;.ps...r:~r 

this .-:ork. 

c. I.:akc c. crack ·ddth mc:;...surEment sur-rny of the top of the 
lock .-.-;;...lls by photosro.phic rr.ethods usL~ ft tripod -~o support the camera 
at a f'ixecl clis7:.nce e.'bove t.~e top of the loc1: ·,.,"8.lls. A steol sci;;.le sI'..ol;_ld 
be pl£.ced e.cross the cracl'.: on the cen-~Er line of -:.;he c&.nere.. '.L'he locc.ticn 
of ~t.he center line of the cc.T.J.erc. for G.11 sue}:. pictures sho'..:.l:l 1.;e sui t::;.~-:ily 
r.:c.rkeci so th::c -':. at r.ny ::'utu!'e tir,:e d.uplica te phc·'.~o;_;:.:-~<ns c£~~1 ~)e tc.ken s.c1d. 
the ~,...:_ric..t2.on. ii.1 Jch0 cr[~Ck -,·.i.dth be c~.et.crr.ii11t~d ~C\Y ccr.~~...c..rir;o~:. ThiE ~u._:---\-·c~,.r 

sho"L·lG. "::le £:.ccor.:.panied by sui te.ble nen·urcments of the o v·:;rall ;·,-idth of 
lock 1.""C;.lls so thL-t in the future c: repetition o:c· these DC'l'.ct:rer_ents ur.dor 
siI::.ilc.r ter::pero.ture condi tio!ls ;-rill c;ive c. re9.sor:fl:ol0 estin::.·:~c of' ovsr:::..11 
exp&..nsi ve z:ro·:.-th of the co:;--"cret.e cluri:- ~ -~he i::-c-t . ..:::1·•.re:c.Lr; period. 

d. ~lrill -b:ro 6 11 dic.mord d.r:Ul hoL s i:: both voi·t:Lce.l fc.cer. 
or Jloc1: ::o. 60 in the cr::;.cked. urea construc~::cl Y:i th i.lphe. c~:r.:ent. 
The C:.epth of es.ch hole shcl:ld "'::ie st'.fi'icient to ott:::..il'1 e.t lc(.;.s-C. three 
uncrc.c}:ed co1·es, e2.ch 1811 i!:. lenGth. 

e. Drill a 611 diar.o:-:d drill hole :::..t loe::it:i.on selcc-ccd for 
the ir..i tial 3611 caly,,c hole ir:. Gate f.loc1: 5 ~n(l i'ollo·;; the drilli:r_g 
of tl:is 611 core v:i th the drillL:.;; o2 the 3611 core -co 31., 99 f• The 
pieces 01' the 3611 core should be o.sser:1~lsd in seqi_<ence e.dj::.cent to 
the loc}: Y~'-11. 1-.. cor:!plete photot;r'-~::_Jhic record. oi.· th0 entire surface 
of the 3611 calyx hole sh01 .. :ld be o0tt:Li::J.od 8.nd suH:..-~.fo prircts msi.de and 
transmitted to the mer:i.bcrs of tho l:;oc.j:d 8.S s con u; pr£-..cticc•ol"'7 and 
prier to -Che next bo£:.rd neeting if possible. Crn.c;1:s i::J. the ~:ole shoC<ld 
be O";.tlirn:,cl '\:ith chalk c.nci orientution oi~ ,se.te block ±tlica.-l:;ci so t:b...c.t 
cr~cl::ir:s ci:.n be evLluated rel£.tivo to possible effect O::l st<---:::·ility of 
sc:.te block. Ii' the Cr£:.cking; in :=lock 5 is 8.S clee;p ssated u.s ap~;ee.rs 
fror.i the surfS;.ce, it is propos eff -~o reco;:'.meri..d. th:.;t th.is bl-ock be 
reinforced,, the design o.f any necessary reinforciLC to be deterrnined 
after a ci;.1·eful e11gine0rint;; study of the pluns oy ·;;:rich this v.<:.<.s 
const.:-ucted and the L'lform:::.tion provided. ·oy i:.n i':specti or.. oi' the 36" 
co1·e !1ole, i:.n0. further discussio~1 of this pr:.rtic"t..1.lc,.r ·.')lock c·_-:~ the 
ne::t Jor. rd raeeti11g. 

f. Co.reful con:dC.er&t:'..cr. ·;1:,.s z;ive:: ,._o ·:;::~ :'.;.os:::i';ili-':;Jr of 
";n..~tcrproo~i~g tl1c top 0:2 tl~·3 locl: ~:r?'"ll~ SO 8.S ·:~o l"Jr'C--:.'"ent i2~<::r~.llCG of 
rci: .. ~·.-c.tcr ii-:to t11s CI"C:1.cl:ed s.r0c.s. <.~i-- 1 ,...e n r--r- -'...i c---··- c·:..r .... ,, rr:- ·":""'I.. ~ 

Y~-~~=r::'roofL:~~ did no-' .. C.ViX;C.r ;;rr:,'J·'~ic~lc_~o ;1{'·-:~~.:-;~0-·;;;s ·~~~:-i;~eoi 
co~cni, it \"i:~s decided :c.o rios-tpo~'Je c.r-;/ recOT:"ns:::l::-.-';:'_c~:s '-'Cl[;,·!·.i·.-e to 
TlU. t: .. !"'prcofi11,~: tu.1til -Che J[t~i..:s.r:r r.ecti::~~ 01'") .1c..~}1e =: c~-: ... d.. 

L• .Sto:.--e c..11 611 CC!"c.s i:~ 1:;o::es ind:. __ ~; sc..-:: ... du~.t :.,,_, r·ctr:.i!.-: 
at .1~1~!c [;it:G a: ... the Yiork ta1til ::..rtcr ·l:;l:e Js·.nu.2.r:r 1::eo"ti1:;. 
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h. It is rccorlllr1end::.:-l tr-:~·::, ~.:~10 Conc).~o-t.c ::cs:.:;~:.rcl-i !Jiv-j_sicn 
of ths ·.,-8.te:·-.-.·ays .:.:.:.:perimcnt .:>:.c.tio:?:'l ·~c o.u7 .. horized to 1~:;:,l:s sv.ch 
stud.ies of ceI:.e~:t., cc.r:..ci, t;r:.-:.::1 ::..21c;. co::.·~cret,; :::pecir~£3!:s fro: .... _ t:-:.~z 
lccl: o.s is neces:::~ry -~o dete,:·2:.ir..c ·lJ1·~' ::;2.u~e oi.' the crC.lckii~c [·.:;.d cLs
inter;re. ti on of' tl:c co~-:crete ::.~2 the lo cl: ,-,r::,lls.. I-l.; is nlco recc:::l:~s!lG.ccl 
t::;.s.t L:. f'evr 611 cores be drillsci. in tho ogee cr::st o:i~ the d~1 to c1oterr:ine 
';::C-.eth-::r th~:re is e.ny evidenc<.: of the SCJ:le tyi,Je oi' crackir.g ir1 the crest 
th::..t is tu.kias pl2..ce i;.1 the locl:W!'.lls. Due to rno1·e or 1-=ss co::ists.nt 
temperature, crz .. cki;.1;; in ths crest rr:a.y lie in e-.rid.ence under t:he :rr.icrc
scope but not sufficiently 8.:570.nced to ·oe recot;nized. by the naJced eye, 

i. In Elock 51 ct:.t the eye bc~cms free fron cor.tc.ct ·;;i th the 
loose ~lock of co~;.crete at ·':::-.e t:pstream corner and tie this loose block 
be.ck into solid. co:!::.crete 18-th r;,ini'orco:r.:ent ·oc.rs suite.bl~' embedC.ed in 
the block £•nd into the soli.::l co::.crete. 

j. It is recorrr..end.ed th;::,. t an c:x:tcnsi ve crack survey of all 
olocl:s in t..11.c; lccJ:.:, e::cept C-S r..oted ht::rcin_, sho·du Ce pOSJcponcd 
for ft~·th::r consicler(;.tion cli.;1·h~c; the seco1:d. r.i.eetinc of the :So:'.rd in 
Jr,nu::.ry. Lt this tirr"e it is p~·oposed to ci·;o cnrcful co::siderz."'.;ion 
to '~ co::-:1plete survey of s.11 '.~locl:s o.nc~ r.11 cr.:~cl:s. Jy tl:.z:.t ti:,1c, 
or shortly tb.e:-eai'tr~1·, r.iinir:c.n -':::er.~p::rr~ture :.:.n~. ms..:z:irr.un opcnint; of 
the crz.cl::s i'or ·c~1e -.-,..L1ter s:-:c.so!1 1-rill ·Jc in e:: .feet. 

5. The cm'li'erence r,c.1jci.T:ic.d. at 3:00 ~).:.;. 011 25 I;cvc:r.:o·:::r y;ith 
the; understc.ndi!1.,S th::::.t the seco:l.cl nv:etin,:: no·,;l:l be cc.lled b~r Lr. 
C::-.:t.lil;, c.s soon r.s the 3611 cr.l:::·: hole in 3locl: 5 Yins c.;:ipi·o::hic•tcly 
co.::?letcci. J:'J1c tentat.i '\i'"B (J.e:~.t.o fc1 .. t11is mect.i~1t; -rrc..s st1t;e:;csted for 
the r:eek of 12 Jc.nu.ary 1948. 

6. 'i'he Boe.rd ol' Cor:st~l tr:.nts ·nas as~is ted in the L_spection and 
in the discussions by LX. Iv::~n L. '.i.'yle:c,, Portl<.:.nd CeI:lent .Ls::ociatio:::i, 

l.1r. .Olsen, 
Chics.go, Illinois 
Portland Cer~en~:. Lssociation, 
Chic~Go, Illinois 

Er. Clifford_, Heed, Jr • ., South 1:..tlv..ntic Di-vision 
Er. :::r::-ant l::o.ther, Concrete Research Division, 

\'fo .. tenre..ys Experinent S-;:;at::.on 

(SIGEZJ) E. K. CGCK 

1'., - . F. C::.'.~Lilf 

J. c. ;;; p ~~·c C"; l,"E 

:..:;; . ~l. 8 T"".S2IB, Ch:::. irr:·:s....'1. 
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ADl'>RLSS REPLY TO: 

·CHIEF OF ENGINEERS 
WAR DEPARTMENT 

WASHINGTON ZS, 0. C, 

Rtl'~R TO FILE No. ___ _ 

) 
WAR DEPARTMENT 

OFFICE OF THE CHIEF OF ENGINEERS 

WASHINGTON 2.5, D. C. 

) 

18 March 1948 

SUBJECT: Investigation of Disintegration of the Concrete Vialls in Tuscaloosa 
Look and Dam 

FROM: Board of Consultants 

The District Engimer 
Corps of Engineers 
MOBIIE• Al.A.BA,MA· 

1. 'lhe u.."ldersigned in accordance with the agreeltl!lnt made during the 
neeting at Tuscaloosa. in November, assembled far a second meeting on the 
morning of 13 January and spent the following two days in inspecting the 
results of core drilling operations end in discussing further investigations 
end the necessity £or repair work. 

2. After a careful inspection of the 36" calyx core and the calyx 
hole, there does not appear to be eny necessity for immediate repairs to 
monalit.1. #5, lfhich is tho upstream lock gate monolit.h. on the land side of 
the lock and is the gate monolith that is the most effected by f:urface 
cracking. 

3. Alt."lough the cracking in monolith #'5 is not as serious as it 
appeared from surface indications before the 3611 ·hole was drilled, it is 
believed that the internal growth in the concrete will continue and that 
t..lie era.eking will be progressive. Hence a thorough system of checks on · 
gate pintJ,e center line movements in any direction should be developed 8."ld 
periodic ea.suremants made by the Tuscaloosa .Operations Forces. 

4. It is believe<! that with t..":le completion of the 6" hole in monolith 
.3, t..'1e cores now available are l!Uf'ficient for the investigations to be con
-auc-ted -at -c-J:int;on -an.d at 1.ia.r:i:B.mmlt L~~ies. 

'5. In view of the probable continued growth of ccncrete and develop
nent of' cracks it is believed that the District should evaluate briefly the 
cracking on aJ..l monoliths as of today for use in comparison of crack develop
im nt in later years. 

6. In view of the non-appearance of any type of cracking in the 361t 

hole or of any indication that structural cra.cks might develop because of 
the 36" hole, it is believed that it would be desirable to 1.ee:ve this cal~'X 
hole open for future observation and t.l-tat it should be E:uitably covered with 
a door that can be readily opened for inspection at anytim3. 

7. Furt..11er consideration was given to the possibility of water-proof
ing the top of the J.:bck walls. A.ff.er a tl1orough discussion it was concluded 
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Ltr t;c DE Jlob fro OOl:s dtd 18 Mar 48, sub: "Investigat::i..A1 of Disintegration of 
the Concrete Rru.l.s in Tusctloosa. Leck and DSl:l" (Cont•d) 

that any su::h &tten!pt would serve no useful purpose and 1'1.'lU.ld prewnt the 
opportunity re futur:-e observation of crack developmen~. 

8. In addition to the monoliths mentioned in tm Boa.ro•s report dated 
December 15, it has been decided to add t:onoliths l, 12 and the lower portion 
of 74 to the monoliths selected for detailed photographs. The structural 
cracks, as well , as the pattern cracking in conoli th #J. axe of par tic u1ar 
interest and may be worth watching and neasuring if concrete g?"O"rth during 
the coll"..ing warm 11eatber is as accelerated in the su.nmar season as it appeared 
t.::> be during the S'..immer of 1947. 

9. After a thoroU&j1 discussion of a system of recording mcnolitb. condi
tions of era.eking, it was decided to lea-..:e t.iis detail to Mr. Gatlin to·work 
ou. t at the site • 

10. Due to the importance of tm work load at Clinton, the studies to 
be ma.de by the CP.D will not take priority aver any pending investigation on 
which contra.ct work depertls and hence a report by Clinton on the l.aborat.ory 
studies of' the Tusca1oosa cores 1'['i_ll probably not be issued for several months. 

11. It is the understa."l.d:Lrig of the Board that the CRD will make a renort 
to the Board after its studies are completed and that the Board will sub!;'.i.t a 
report to t..'1e District Engineer relative to the causes of tile cracking some
tina later this year,. preferably after the effect or hot weather and l!lOisture 
durin(; the c ani.ng SUilli'IEr e eas on a.re in evidence. 

12. n~ following were present pa.rt of the tim during the inspection 
and discussion: 

~ Ivan L. Tyler, Portland Cement Association 
Chicaeo, Illinois 

Ur. c. c. Olsen, Pcrtlani Cer:ent J.ssociati.on 
Chicag_o,_ Illinois 

• - - J_ 

j~)L_~ 
rft. K. COOK 

F. F. GA.TI.It: 

J .. C. SFRAGm~ 

B. r:. s '.lEEIB, Chairm.:..."l 
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Disintegration of Concrete from 

Tuscaloosa Lock and Dam 

) 

l. Correspondence from the Division Engineer, South Atlantic Division, 

de.ted 27 October 1947, subjects; "Tuscaloosa Lock e.nd Dam" stated that the 

concrete in the lockwalls of the Tuscaloosa Lock and Dam had been inspected 

and that portions of it he.d been found to be in an advanced stage of dis

integration. This letter also announced the decision to appoint a Board 

to study and report on the condition of the concrete and to recommend 

remedial measures. 

2. Correspondence from the District Engineer, Uobile District, dated 

17 November 1947, forwarded copies of "Historical Data", "Cement Data", 

"Combined Concrete Record", and"Concrete Progress Chart." These data record 

that the Tuscaloosa Lock and Dam ~us constructed between 11 October 1937 and 

15 September 1939; that the cement used consisted of 90,000 bbl. from the 

Alpha Portland Cement Co. and 120,000 bbl. from the Penn-Dixie Cement Co.; 

that the cement was required to conform to Federal Specifications SS-C-191 

exc~pt tMt it should contain not more than 55 per cent tricalcium silicate 

and not more than 8 per cent trice.lcium alumina.ta; that the actual calcu

lated tricalcium al~ne.te content ranged from 7.42 to 6.33 per cent and 

averaged 6.89 for the Alpha Cement, ranged from 6.96 to 6.50 and aver~ged 

6.70 for the Pen.~-Dixie Cement; that the mixing water came from the 

Tuscaloosa city ~~ter supply; and the aggregates consisted principally of 

natural sand and gravel fr on the :Montf;omery Gravel Co. pit loco. ted approxi

rr~tely 9 miles west of Uontgomery, Ala. on the east bank of the Alabama 

River. It is understood that the Penn-Dixie Cement was manufactured at 
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Richard City, Tennessee, and the Alpha Cement at Binningb.ar:i, Alabama. 

3. The meeting of the Board held at Tuscaloosa, Ala. on 24-25 

November 1947 developed the follo~~ng points as recorded in its report 

dated 15 December 1947: 

a. Cracking is more advanced in monoliths built with Alpha 

oemenl:ithan in those built with Penn-Dixie. 

b. Cores should be drilled from the structure. 

c. A. crack survey should be made. 

4. The meeting of the Board on 13-15 January·l948 developed the 

following points as recorded in its report dated 18 March l948s: 

a. The crtlcking in Monolith #5 is not as serious as it appeared 

from surfe.ce indications but it is believed that the internal growth of 

the concrete will continue and that the cracking will be progressive. 

b. The studies to be conducted by the Concrete Research Division 

of the Wa+..erways Experiment Station should not take priority over pending 

investigations for other projects. 

s. Correspondence from the District Engineer, Mobile District, dated 

12 February 1948, subject: "Investigation of Disintegration of the Concrete 

in Tuscaloosa Lock end liani" request.ea tbat this office conduct tests to 

detentine the cause of the ·cracking and disintegration of the concrete in 

the lock walls• 

6. In accordance with arrangements made between the Office, Chief of 

Engineers and the Portland Cement Association tests were conducted on 16-19 

June 1948 using the wave velocity appar&tus owned by the Association to 

deter~ine the velocity characteristics of the concrete in monolith 5. In 

accordance with a request from the Portland Cement Association this office 
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determined values for shear modulus of selected cores to provide data to 

be used in c~lculations based on ~ave velocity. The results of these tests 

are given in a later section of this report. 

7. In accordance with the request contained in the correspondence 

referred to in par. 5 ubove, this office undertook a program of investi

gation involving petrographic and other studies of the concrete specimens 

taken from the lock ~all and shipped to this laboratory in accordance with 

correspondence from the Resident Engineer, Tuscaloosa, Ala., dated 4 

February 1948. The results of the petrographic study are set forth in 

summary and are detailed on the attached LllW form 557 and inclosures 

thereto. The results of the other studies are given below~ 

8. Strength and Elastic Properties. Samples of 4 3/4•in~~idiameter 

cores extracted from various monoliths of Tuscaloosa Lock and Dam were 

received 4 February 1948. Monoliths represented are 3, 5, 20, and 60. 

All cores except those from Monolith 60 were drilled vertically; those 

from Monolith 60 were drilled horizontally. Core lengths varied from about 

6 to 40 in. All cores cont~ined the same aegregates, and all except those 

fror:i Monolith 3 from depths less than 10 ft contained the same cement. All 

sectionsof 4 3/4-in. core of lengths greater than 10 in. were tested for 

dynamic modulus of elasticity, in an as-received.condition. This was done 

by averaging the lengths deterffiined at several points of the end surfaces 

for each core, determining the resonant funde.~ental flexural frequencies, 

and computing the moduli. Following this, six representative cores v:ere 

ta.ken, and the ends sawed plane on a diamond cut-off wheel. Fundumen+-..al 

flexural and torsional frequencies were deter~ined on these cores. lloduli 

of ela.sticity and rigidity, and Poisson's ratio were calculated from these 

readings. 
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The moduli of elasticity determined on the cores in the as

received condition are given in Tnble 1. This table gives also the a;erage 

lengths, weights, and flexural frequencies of these cores. 

Table 2 shows the moduli of elasticity and rigi:li ty, lengths, 

weights, and fundamental flexural and torsional frequencies, for the six 

selected cores. The table also gives Poisson's ratio for these cores. 

The results given in Tables land 2 are the best that have been 

obtained. The flexural frequencies and moduli of elasticity are believed 

to be fairly accurate in most oases but due to the averaging of lengths 

on all cores, and the existence of cracking (visually determined) in 

several, the moduli of elasticity should be considered merely indicative 

of the state of the concrete, and not exact. In addition internal cracking 

is quite probable in several of the cores tested, which would lead to 

less precise readings of flexural frequencies. 

Compressive strength and modulus of elasticity (static) were 

deter~ined on nine sections of core. These data are given in Table s. 

9·. Wave Veloci-cy:: The wave velocity tests referred to in paragraph 

6 above provided additional data on the strength and elastic pro?erties of 

the concr_e-t_e_e .These r.,ru;ts we.re conducted with an apparatus consisting 

essentially of a pulse repetition oscillator, a transmitter, a timing 

wave circuit connected to an oscilloscope, and suitable anplifiers. Data 

were developed from these tests from which values for Young's modulus were 

calculated. The n~ost interesting results were obtained from tests on 

monolith 5 at various depths from 5 ft to 35 ft in the 36-in. diameter 

calyx core hole. A progressive increase in velocity from 12,200 ft/sec 

at the 5-ft depth to 15,110 ft/sec at the 35-ft depth ~~s found. The 
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velocities correspond to values of Young's modulus of from approximately 

3.7 to approximately 5.8 x 106. Tne individual values are tabulated below: 

Depth 
feet 

5.0 
s.s 

12.0 
16.0 
20.0 
25.0 
29.0 
33.0 
35.0 

Data on ~onolith 5, Tuscaloosa 
Lock and Dam 

Velocity 

12,200 
13,890 
14,390 
14,610 
14,890 
14,910 
14,810 
14,930 
15,110 

(a) Computed as a massive structure 
(b) Computed as a slab 

Young's Modulus 
x 10-s psi 

(a) (b) 

3.9 3.5 
5.3 4.7 
5.8 s.2 
6.0 5.3 
6.l 5.4 
5.8 5.2 
6.1 5.4 
6.2 s.s 
6.2 5.5 

All the data developed from these tests are given in Table 4. 

10. These data are discussed by Prof. R. w. Carlson in a memorandum 

entitled "Wave Velocity Apparatus and its Place in Non-Des true ti ve Tes ting 

of Concrete in Place", dated 17 November 1948 prepared for the Office, 

Chief of Engineers, as followss 

"The Tuscaloosa Lock Wall is so badly cracked that the natural L'll-

pression would be that it is about to collapse. But the wave velocity 

tests tell a different story and probably the true one. The wave velocity 

was found to vary from 15,110 ft per second at a depth of 35 feet below 

the top, to 12,200 at a depth of 5 feet. The change ~~s systematic and 

grbdual, except near the top where the change was more rapid. These 

results indicate practically sound concrete for most of the wall, with 

serious internal disintegration only near the top. The conclusion is that 

most of the cracking is confined to the surface and that the interior is 
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sound. The systematic variations in ~~ve velocity indicate that much more 

could have been learned had earlier measurements been made for reference. 

Small differences in wave velocity can be measured reliably. '1 

11. Volume Changes Three 6-in. diameter cores were drilled in the 

Concrete Research Division laboratory from the top of the 36-in. calyx 

section frOl!l hole 5-2 {Monolith 5). These cores were fitted with inserts 

to permit measurements of length change, soaked in water, and stored at 

100 F, over or immersed in water. Measurements to an exposure period of 

1 year indicate a progressive expansion for a relatively short period of 

time followed by equilibrium as shown below: 
Maximum 
Expansion, Length of Exposure 

Specimen at one year to reach maxi_mum, 
no. Exposure per cent days 

1 Over water + o.oa 11 days 

2 In water + 0.06 80 days 

3 Over .... -ater + o.os 80 days 

12. Aggregate: Pertinent data on the aggregate present in the concre~ 

are given in the attached petrograpbic report. "The information contained 

therein may be compared with that given in the petrographic report forv.~rded 

by this office to the South Atlantic Division Laboratory with correspondence 

dated l June 1948, subject: "Reports or Tests on Aggregates, Tennessee -

Tombigbee Project", covering a sample of gravel from the Roquemore Gravel 

Co., Montgomery, Ala. This se.r.iple was examined in the sizes from 1 in. to 

Iro. 4 and had more than 50 per cent quartz in all sizes smaller than l in. 

and 46 per cent quartz in the fraction retained on 1 in. Chert wa.s present 

as follows& S9 per cent on 1 in., 31 per cent on 3/4 in., 35 per cent 

on 1/2 in., 22 per cent on 3/S in., and 36 per cent on No. 4. The remainder 
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of the sample consists of quartzite, sandstone, and granite. Chalcedony 

was found in one or two of the chert particles; most of the particles 

which were powdered and examined were found to contain no material with 

an index or refraction lower than that of quartz• Physical tests on sand 

and gravel samples from the Roquemore deposit are summarized below: 

Bulk specific gre.vi ty, sat'l.ll"e.ted 
surface dry: sand = 2.65, gravel = 2.62 

Absorption, per cent: sand c o.4, gr&vel = 0.7 

Percentage of particles lighter than 2.40 
after 5 hr boiling: gravel = 2.1 

Loss after 5 cycles of magnesitm1. sulfate 
soundness test, per cent: sand= 4.7, gravel= 4.0 

Linear coefficient of thermal expansion or 
sand mortar x 106 per deg F = 7.4 

Durability factor of concrete after 300 cycles 
of accelerated freezing and thawing • 46 

13. Chemical Data: Results of the quick chemical test for reacti~'ity 

of aggregates sampled from the concrete are given in the attached petro-

graphic report. Information supplied from the Geological Survey of Alabama 

by Stewart ~. Lloyd, Assistant State- Geologis-t, s-ta-tss- tha-t- an analysis-

of a sample of water from the Warrior River above Tuscaloosa, Alabama, 

showed a sulfate content of 10 parts per million of the S04 radical. This 

is not regarded as e.n excessive amount since it is reported that the city 

water supply of Birmingham, Ala. on analysis in 1932 showed 61 ppm of so4 • 

Two samples of the gel reaction product from the Tusc~loosa lock 

wall concrete were subjected to chemical analysis. Sar:-.ple No. 1 consisted 

of nnterial scraped from the ~all of the 36-in. core hole in Monoli~h 5 

on 16-19 June 1948. Sample Ho. 2 was collected fror:i pockets in 5 3/4-in. 
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cores f'rom holes 20-1 and 60-1 after tLe cor!crete had dried. in le.boru tcry 

air. The results of these &ne.l:/ses are as follows: 

Per Cent 

Sample Sample 
No. 1 l~o. 2 

lfoisture loss at 105 C 34.6 9.81 

Corr.position calculated on dry weight:. 

Si Oz 49.82 61. 73 

CaO 21.11 12.28 

Al203 1.15 2.17 

Fe 2o3 0.81 0.47 

S03 0.16 o.co 
Insoluble 5.58 8.1 

Ignition loss 14.84 

Calculated calcium 
sulfoal ur:tlna t_,e 0.47 o.o 

14. Conclt,;,Sions~ It is concluded that the disintegration and crack-

ing has been ca.C£ed• at l.ee.st primarily, by deleterious che::::.ice.1 reaction 

between the alkal_i_es _in the cerr.ent and uns tab.le sili~ in the aggregate. 

A study of e.ggrege. te particles from the concrete has rt:vealed that approxi-

cat~ly 70 per cent of the chert pebbles consist, at least in part, of the 

material knoYm as "chalcedony" 1 which contains opal. Chalcedony is known 

to be one of the :r.aterials ·vrhich is cap~ble of participating in a deleter-

ious ch~mical reaction in concrete. The study of the aggregate has not 

revealed the presence of any other constituent which is reGarded as capnble 

of participating in such a reaction. 
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The study of the concrete specimens hns confirmed the indications 

developed from the examination of tl:e structure and the physical t.ests of 

the concrete both on spednens and in the structure, that the cracd·r.g is 

larbely con.fined to near surface zones and is more pronounced in those 

portions of the structure in which it is reported that i..lpha cement wan 

used. Although specific de.ta on the alkali contents of the ceffients used 

in this project are not available, it is regarded as probable that the Alpha 

cement cont..ained a larger percentage of alkalies than did the Penn-Lixie. 

The oicroscope examination of the cc~crete specimens reveals, howe\•er, that 

gel, which is the che.racteris+.ic product of the chemical reac+.ion, is 

present in all of the concrete specir.iens exa:r.ined without reGard to tho 

brand of ce~ent used or the depth in the structure. 

The concrete is characterized not only by the prese~ce or the GOl 

referred to above, but also by the presence of deposits of crystals or cal

cium sulfoalur.iinate. Calcitttn sulf'o~luminE<.te is the no:n;;ul product or the 

ree.ction Of the [:;ypsum Vlhich is intergrouncl With the Ce!:"ent fer the purpose 

of controlling time of set and the calcium aluminate in the cement. In 

normal, non-d:eteriora-tetl e~ncre-te- the calcium sulfoaluminat-...e- iS-- ~i.cel~· 

dietributed in the cement past~ and does not appe&.r as deposits of crystals. 

Concrete wLich he.s suffered deteric·re.tion from any cause wh&ttoever fre

quently exhibits crystalline depo~it.s of this Il!aterial. Unless it can be 

shown thnt a.ddi tional sulfate has been provided froo &.n external source 

for further reaction with the a lurr.inf4 te portion of the ce!'.1.ent, s:ich depod ts 

do not indicate tl48.t the concrete <:ontaining them has undergone any deteri

oration due to sulfate atta.ck. In the case of the Tuscaloosa concrete, 

since the available inforrr.~tion does not indic~te an additional source of 
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sulfate, and since the evidence of deterioration due to alkali-chalcedony 

reaction is thoroughly established, it is not regarded as likely that 

there v;e.s a. significant sulfs.te-attack f'actor involved in this occurrence. 
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TABLE l 

DYNAMIC MODULUS OF Elf.STICITY OF C01~CF.ETE CORES 

TUSCA.LOO&A LOCK AllD DAM 

Modulus of Elasticity 
Specin:.en Depth E x io-6 Esi 

3-1 o.o 6.40 
3-1 3.0 - 4.2 6eC9 
3-1 a.2 6.31 
3-l 11.8 G.08 

Average 6.15 

5-l o.o - 1.5 2.40 
5-1 s.o - 7.5 l.$1 
5-1 7.5 - 9.0 4.33 
fl ... l 9.0 - 10.0 4.15 
5-l 12.5 - 13.,5 5.80 
5-1 18.9 - 23.6 Sect 1 5. 71 
E·-1 18.9 - 23.8 Sect 2 5.26 ~I; 
5-1 23.8 - 28.8 Sect l 6.50 , 
5-1 23.8 - 28.8 Sect 2 5.65 
5-l 28.8 - 3~->.5 Sect l 5.31 
5-1 28.8 - 33.5 Sect 2 5.56 
5-1 33.5 - 39.6 Sect l 6.03 
5-1 33.5 - 39.6 Sect 2 5.28 
5-1 33.5 - 39.6 Sect 3 6.26 

Average 4.89 

20-l 3.7 - 6.9 3.34 

Average 3.34 

60-1 o.o - 4.8 Sect 1 2.59 
60-l o.o - 4.e Sect 2 3.26 
60-1 4.0 - 10.2 Sect l 3.GS 
60-1 4.8 - 10.2 Sect 3 3. 74 

Average 3.:::6 

60-2 o.o - 4.8 Sect l 2.00 
60-2 o.o - 4.0 Sect 2 3.30 
C0-2 4.8 - 10.2 Sect 1 3.26 
60-2 4.8 - lC.2 Sect 2 (Pe.rt l) 4..34 
60-2 4.8 - 10.2 Sect 2 (Part 2) 4.4.3 

Average 3.47 
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Th.DIE 1 (Concluded) 

Modulus of Elasticity 
Specimen Depth E x 10-6 psi 

60-3 o.o - 6.9 Sect 1 2.60 
60-3 o.o - 6.9 Sect 2 (Part 1) 2.75 
60-S o.o - 6.9 Sect 3 4.11 

.b.verage 3.15 

60-4: o.o - 4.8 Sect 1 1.90 
€0-1 o.o - 4.8 Sect 2 3.45 
60-4 4.8 - 8.2 Sect 2 (Fe.rt 1) 0.99 
60-4 4.8 - 8.2 Sect 2 (Part 2) 1.03 

J.zerage l.as 
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TABIB 2 

DETE:;::.:INA. TIOU OF FOISS OU' S F.A TIO OF CORES FRO'J. TUSCALOOSA LO:K & DAM 

. 
l!ono-
' 

.Section F,unde.men tal Moduli x .Poisson's 
lith and Pep th .Length ~eight Frequencies cps io-s psi 
lfo. Core l\o. (ft.) (in.) (lb.) Flexural Torsional E G --
3(1) 3-l 14.8 14 21.6 2790 3050 5.8 1.6 

5 5-1 
(Upper) 

13.5-18.9 l3t 20.1 2510 3100 3.6 1.5 

5(2) 5-1 13.5-18.9 lofr 16.8 3450 4150 3.9 1.8 
(~ddle) 

20 20-1 6.9- 9.4 10-~ 16.5 3450 3750 3.6 1.4 
(Lower) 

60 60-l 4.8-10.2 13t 20.2 2320 2900 3.3 1.3 
(Inner) 

60 60-4 4.e- a.2 14 21.2 2310 3030 3.9 1.6 
( O\.tter) 

(l) Core #3 - Poiasson's ratio is high. Torsional frequency is high, and 
True Torr.ional maxim'lml may be masked by flexural maxim.um. 

?.atio 

0.775 

0.275 

o.soo 

0.249 

0.244 

0.233 

(2) Core #5-l{ltiddle} - Torsional frequency b nrgli.. This section believed 
to have internal cracking. 
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Core 1:0. 

Con-1 (1) 

Con-1 (2) 

Con-Z 

Con-3 

Con-4 

Con-S (1) 

Con-5 (2) 

Con-6 

Con-7 

Con-8 (1) 

) 

TL5LE 3 

Coopressive Strength and Sta-r.ic Kodulus 

TUSct-..LOOSL. LOCY. P.lill DAM 

Core Tests (4. 75'1 Diameter Cores) 

Hole i:o. DeEth Ft. ComEr• Str. Esi :tfod. Elast. Ed 

3-l 11.8-13.7 6850 4,640,000 

3-1 4.2- 6.5 7040 6,782,000 

5-1 19.0-23.0 5140 4,520 .. 000 

20-1 3.7- ,.. 0 u .... 4265 2,024,000 

60-1 4.S- '! .o 3520 2,1so,ooo 

60-2 0- 4.8 2575 l,242,000 

60-2 4.8-10.2 3785 2, 710, 000 

60-3 o- r::. a ...... ~ 2890 1,360,000 

60-4 ·o- 4.8 3005 i,g40,ooo 

Hotes All cores showed white deposits. Very few deposits 

in 60-2 (4.8-10.2) and in 3-1 (11.6-13.7) 

6-in. Dia?:le+,e,r Core Drilled from 

36-in. Core,. Lower Secticn 

5200 2,685,000 
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Date, 
1948 

6/17 

6/16 

S/19 

6/16 

6/18 

6/16 

6/18 

TABIE 4 

l';A:VE VE LG SI TES DJ TVS CJ.LOOS.A LOCK 

(De.tu Provided by Portle.nd Cement L.ssociation) 

?.lonoli th &: 
Test !~umber 

5-1 
5-2 
5-3 
5-4 
5-5 
5-6 
5-7 
s-a 
5-9 

6-lV• 
6-2V 
6-3V 

6-l+3H** 
6-l+SH 
6-2H 
6-3H 

6-AS 

s-:as 

6-CS 

s.;.Ds 

6-ES 

7-4V 
7-5V 
7-0V 

7-4H 
7-5H 
7-6H 

8-8+4V*** 

8-7II 
8-SH 
8-9H 

Loca.tion of Test 

35' below top of 36tl core hole to lock wall 
33' " " •• II ti " II II II 

29' II " " " " " 11 " II 

25' " 11 11 11 11 II ,, II II 

20' II ti " ti II " " ti II 

16' II II ti " II II II " " 
12 1 " II " II " ti II ti II 

8.5' ti ,, II II " II II ti " 
5' " " " ti " t1 II ti " 
46.6' from D.S. Joint, 5' S. of lock wall 
18' from D. s. Joint 
3 1 from D. s. Joint 

43.6 1 froo D. s. Joint 
40.6 1 

" " " 
17.7 1 II. II ti 

31 II " ti 

Wave 

Tnese tests made on surface of monolith along 
N-S line 1.5 1 from D.S. Joint. Transmitter 
was held against S. face of monolith, 3 n be low 
surface. Receiver held at points alone line 
3 1 , 6 1 , 9 1 , 12 1 and 15' from S. edge. (Second 
velocity is that of the Rayleigh Wave.) 

3' fro1u D.S. Joint 
22.65' from D.S. Joint 
8' from D. s. Joint 

3 1 from U.S. Joint 
22.65' from D.S. Joint 
81 from D.S. Joint 

13.05' from D.S. Joint 

8.4' from U.S. Joint 
17.05' fron D.S. Joint 
31 from D.S. Joint 

Dl5 

VE:locity 

15~ 110 
ll'._, 930 
14,810 
14,,910 
14,890 
14, 610 
14,390 
13,890 
12)200 

l4~ 100 
14,100 
13.100 

H,620 
14,620 
14:,300 
14:, 300 

12,000 
7,240 

12,250 
7,110 

12,670 
7,430 

12,830 
7,370 

12,_340 
7 ,250 

13:520 
14,360 
1'1:100 

13:,860 
14,620 
14,620 

E~200 
13,.860 
13,300 



Date, 
1948 

6/18 

6/18 

6/l8 

6/19 

6/19 

6/19 

6/19 

6/19 

konolith & 
Test Number 

9-lOR 
9-llH 
9-l2H 

10-13H 
l0-14H 
10-l5H 

ll-16H 
11-17H 
ll-18H 
ll-17AH*** 

ll-16V 
ll-l7V 
11-lSV 

12-19H 
12-20R 
12-21H 

13-22H 
13·23H 
1S-24H 

14-25H 
14-26H 
l4-27H 

20-28H 
20-29H 
20-30H 

--2-0-30V 
20-30-3V 
20-30-l.5V 
20-3o+l .5V 
20-30-lOV 

6/19 60-34 
60-35 
60-36 
60-37 
60-31H 
60-32.H 
60-33U 
60·31V 
60-32V 
60·33V 

Location of Test 

3' from u.s. Joint 
Center of Monolith 9 
31 from D.S. Joint 

3' from U.S. Joint 
Center of L~onoli th 10 
3' from D.S. Joint 

3' from U.S. Joint 
Center of ~onolith 11 
3 1 frO!ll D.S. Joint 
6'1 below ll-17H 

31 fro~ U.S. Joint 
Center of Uonolith 11 
3' from D.S. Joint 

3' fro~ U.S. Joint 
Center of Monolith 12 
31 from D.S. Joint 

3' frm~ U.S. Joint 
Center of Monolith 13 
31 from D.S. Joint 

31 from u.s. Joint 
Center of ~onolith 14 
3 1 from D.S. Joint 

) 

13,960 
13,960 
13,330 

13,330 
12,780 
13 1 330 I 

14,200 . 
l~,200 
13,960 
14,200 

14,180 
14,060 
lfo signal 

13 ,330 
i::s, oso 
13,640 

15,000 
13,960 
lS,960 

13,960 
13.640 
13,960 

28.5' from D.S. Joint, 9 1 below top of ~onolith 13,890 
18.5' " " " It tt " " " 13,890 
3 t t1 II ti It n It tt II 14, 700 

(all u·shots in 20 made to s. face or aonolith) 
3' from D.S. Joint 12,880 
51 ti ti ti 12,.160 
4.5' from D.S. Joint 12,330 
1.5' " It " 12,880 
13' " ti " 11, 850 

31 from D.S. Joint, center 8th lift from top. 13,030 
3' from D.S. Joint, " 7th " " 11 14,000 
31 from u.s. Joint, ti 8th " " II 12,930 
3' from U.S. Joint, " 7th " " " 13,870 
3' froo U.S. Joint, 3.25' below tun.11el roof 13,050 
17.75' froo u.s. Joint, 3.25 1 below tunnel roof. 13~ 050 
3' from D.S:. Joint, 3.25 1 below tunnel roof 13,050 
31 " u.s. " 12.860 
17.751 from U.S. Joint 12, 860 
31 from D.S. Joint 12,960 

2 
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• - Letter "V" denotE:.S shot made in verticnl direction fro1:i tt::mel roof. 
Unless othe:-wisc noted, e.11 11 V11 zhots made over f, of tunnE-1. 

•• - Letter "H" deno+:es shot made in horizontal direction from tunnel v'u.11 
to lock wall. rr~less othei-....-ise noted, all 11 H11 shots me.de 4.3' a.bo•e 
floor level of tun.11el. 

*** - T'nis v:ae the onl;:,r location in Monolith 8 e.t which e. vertical shot wus 
successfully attempted. 

**** - Routine shots ir ... Lonoli th 11 were in 3rd lift fron top. Shot 11-17.AH 
was in 4th lift from top. 

3 
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Lock 

l. San£ lee:. The samples conr.: :-·;; of cores extracted from the subject 
structure described as follows s: 

CPJ) Ser. No. Dianeter, A pproxima. ta 
l.WB-4 in, Hole F(" lfo. of Boxes Length, ft. 

COU-l 4 3/4 3-l 2 10.5 
2 4 3/4 5-1 6 38.7 
3 4 3/4 20-1 2 a.o 
4 4 3/4 60-1 2 B.8 
5 4 3/4 60-2 2 9.1 
6 4 3/4 60-~ 1 6.6 
7 4 3/4 60-4 2 8.2 
8 36 5-2 2 
9 36 5-2 5 

The first number in the identifica tic::. of each hole is the monolith number.· 
All of the samples were received at t!:is office by truck from Tuscaloosa en 
4 February 1948. All of the samples ~eceived were taken from vertical holes 
except those from monolith 60 which v:~~re taken horizont.allJi·· All of the 
cores received contain the same aggre:ates, and all contain Alpha cement 
except those from hole 3-1 from deptL: less than 10.0 ft. 

2. Summary. Petrographic exa~i"'ation has been made of a total of S€>en 
4 3/4-in. and two 3o-in. dianreter crcrE-s- .f'r-om- monoliths 3-, &-, 20, and- oO c-f
Tuscaloosa Lock, Tuscaloosa, Ala. ~ll of the cores contain visible cracks of 
various widths in the upper or surfs.u~ sections; some of them cont.a.in v:ide 
weathered cracks. All of the cores, regardless of brand of cerr:ent,. contc.in 
deposits of gel in voids. cracks,. er::' aggrege.+,e particles in all sections, re
gardless of depth from the upper or cuter surface of the structure. All of 
the cores also contain calciun sulfoc l urr.ina. t.e in e.11 sections. However,. the 
widest fresh cracks are coated with zcl and the adjoining pe.r.te .is soakeci Y:ith 
gel. In all of the concrete,. there is more gel than there is sulfoali;mi~~te; 
more Yoids a.re filled with gel than ... <th sulf'oalunina te. Sulfoa.lumina te is 
most developed in the roost highly l€Lched and cre..cked concrete. It is t.r~c:-e

fore believed that the gel produced ;-,y alkali-e.e;grege.te ree.cticn it the rr:ljor 
caU.E:e of the cracking of the upper o.rd. outer portions of the cores. 

Ch.e.lcedonic chert is the o:;ly constituent found in the coarso or fine 
aggregate which is known to be capi::ble of deleterious ree.ction with the r.:i:lcr 
alkalies of portland cement. Such c! <.>rt is a much more important constituent 
of the coarse aggregate than of the :''ine aggregate. Based on counts of o...-er 
5000 particles on sawed surfaces of ~:'.·,e 4 3/4-in. cores 42 p&r cent of the 

LMW FORM NO. 557 
:119 



) ) 

~llCBOL: SERIAL NO. s lnl'r.iS 
PETROGRt.PHIC REPORT (CON'i)) MOB-4 6078 llOB-4 CON-1 through 23 Aug. 

CO!i-9 194:9 

total cot..rse aggregate is chert and 58 per cent consists of other types, 
principally highly metamorphic que..rtzitc and vein quartz. The fine aggre
gate is principally quartz, with feldspar and some chert. Determinations of 
68 chert pebbles close to gel pockets showed that 71 per cent of them con
sisted of or contained chalcedony. Since the pebbles were selected because 
they were close to gel, it is believed that they give too high a figure for 
the chalcedony content of the co.e..rse aggregate. .A.ssu:ning that 50 to 70 per 
cent of the total chert is chalcedonic, the percentage of chalcedony in the 
coarse abgrega.te would e.mount to 21 to ~O~ The average of 40 determinations 
or index of refraction of the chalc~dony particles is l.5365. Using this 
value ~nd assu::iing chalcedonies or varJ~ng opal content, the opal content 
or the coarse ~ggregate is estimated as 1 to 5 per cent. Further coni'ir• 
mto.tion· of: the hypothesis that the chalcedonic chert is the reactive con
stituent is found in the preferential association of gel with chert rather 
th&n with any other of the types of aggregate. 

Yihile cracks e.nd gel e.re most developed in the upper and outer 
sections of the ccre, all sections of all cores contain gel, e.nd gel gr6w 
on the core .surfaces after they were drilled and stored in a damp condition. 
The late gel grew moro abundantly on the r..iddle and lower sections of the 
cores. This fact suggests that while reaction in the structure hnd only 
gone f~r enough to crack the concrete near the surface, all the necessary 
ingred.ientB for reaction are present in the deeper concrete and that the 
production of gel in this concrete is accelerated 'When a source of moisture 
is pro,rided. As an erample of the speed with which reaction can develop, 
under favorable conditions, a thin seotion blank from core 5-1, section 
7.5 - 9.0 ft, was ground smooth and exposed to laboratory air (wa.rm, humid) 
for e.bout 36 hr. 'Hhen the blank was examined, it we.s found that three gel 
pockets and one ch~lcedony particle on the ground surface had taken up 
water from the air and swelled up perceptibly above the general level of 
the -g?"cund-suri'e.ce-. The -conor-e±e _c_rurtaining A-1pha. c~ment shows more signs 
of reaction than that containing Penn-Dixie cement, but the concrete con
taining Penn-Dixie does contain crncks in the upper section ~nd.gel 
throughout the core. 

10 Incls 
l. Detailed Petrography 
2. -·4. Tables l - 3 
s. Fig. l 
6. - 10. Photographs l - 5 
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1. Test Procedure. The two 36-in. cores were inspected and the seven 
4 3/4-in. cores were examined megascopically and logged !'or the presence of 
gel and cracks, and !'or general condition and appearance. Selected sections 
of each core were exs.mined on the drilled surface using a stereoscopic 
microccope. Selected sections of each core were sawed transversely or 
longitudinally and examined under the stereoscopic microscope. A number of 
sections were broken and the broken surfaces examined using the stereoscopic 
tlicroscope. Megascopic counts were made of coarse aggregate and gel on 
sawed surfaces. Sixty-oight particles of chert that were associated with 
gel were crushed and examined in immersion media to discover whether they 
were composed of quartz or chalcedony. The index of refraction of 40 
particles of ch.alcedonylra.s determined. Many samples of gel were examined 
in immersion media. Fourteen thin sections were prepared and examined, 
and several photographs made. 

2. Concrete Cores. The cores examined included all those received 
except 6 sections tested for torsional frequency and subsequently shipped 
to the Portland Cement Association and 9 sections tested for compressive 
strength and static modulus of elasticity. All of the 4 3/4-in. core had 
been packed in damp cedar sawdust. At the time that the petrographic 
examination began, the sawdust and the concrete were dry. The wet sawdust 
had stained many of the core sections brown. Results of the examination 
of the cores are summarized in table 1. nie composition of the aggregate, 
the condition of the concrete, the relation of gel and chert, and the types 
or exudates and deposits found 1n the concrete are discussed in paragraphs 
3 through s. 

3. Composition of Aggregate. 

a. Coarse Aggregate. Identification of the coarse aggregate 
particles intersected by sawed surfaces (table 2) indicates that about 40 
per cent of the coarse aggregate is chert, and 60 per cent consists of 
o~her types of m::tterial, principally vein quartz, quartzite and sandstone, 
With very small quantities of granitic gneiss, and ochre or limonite. 
Sixty-eight chert particles which were associated with gel pockets were 
examined in immersion media; 48 of these particles (71 per cent of those 
examined) contained or consisted of chalcedony. The index of refraction 
of 40 of the chalcedony particles was determined (Fig. l); the average of 
the 40 indices is l.5365 ~1th an observed range from 1.5240 to 1.5420. 
Since the chert particles ~~re deliberately selected from those which bad 
adjoining gel pockets, it is believed th.at the calculated percentage of 
chalcedonic chert, 71, is a maximum. If it is assumed that from 50 to 70 
per oent of the chert is chalcedonic, the chalcedony content of the coarse 
aggregate is calculated as 19 to ZO per cent. Using the determined average 
value of the index of refraction of the chalcedony, and curves given by 

D21 



) ) 

C. "..1':BOL s &:>.t!.iiUAL IW • s DA. TEt 
PETROGPAPHIC REPORI' (CON'D) UOB-4 6078 MOB-4 COU-1 through 23 Aug. 

CON-9 1949 

Don.nay, (l} the opal content of the chalcedony can be estl.ln&..ted as between 
5.5 and 17.5 per cent, and the cpal content of the total coarse aggregate as 
between 1 and 5 per cent. 

The silica solubility and reduction in alkalinity wac determined 
on a composite sample taken frohl particles determined as che.lcedony. Dupli• 
cate tests gave Sc .,. 477 and Re "' 46, S0 /Rc .. 10.4. 

b. Fine Aggregate. The fine aggregate is natural sand cocposed 
principally or quart:., with some feldspar and a small amount of other min
erals, and chert Thich is particularly conspicuous in larger sizes. Accord
ing to information provided by the Mobile District, difficulty -.re.s encountered 
in producing sand with the required amount or fines. The amount of fine sand 
in the mortar was relatively s~~ll, and consequently there are larger areas 
of cement paste in the morte.r than there usually are in the cortar of concrete 
made with sand graded in accordance with the current Guide Specifications. 

4. Condition of the Cores. All of the drilled surfaces showed white 
films or mounds of gel. on areas of mortar and on chert coarse aggregate, 
but ~ct on coarse aggregate of other types. Frequently the gel entirely 
inclosed sawdust ~articles; mounds of gel rose up as much as 1/8 in. above 
the core surface {Photograph le.). These tl10 facts make it plain that the 
deposition took place after the cores were drilled. All of the drilled 
surfaces cut air pockets and 'Underside voids containing white or clear 
exud.ates with oute·r sur.faces continuous with those of the adjacent paste and 
mortar, and accordingly older than the drilling of the core. A number of 
tbe drilled surfaces show cracks visible tQ the naked ey~. A few show such 
cracks filled or partly filled vtlth exudate. (Photograph lb). The smoother 
-s~faces -produced .by _sa-,.1ng "With a die.mend-edged blade reveal more cracks 
than appear on the outside of the core. When the concL""ete was broken open 
and the surfaces of the largest cracks exandned. the Sl.ll"faces were found to 
be covered with dessicated gel, which filled the crac~ and satura'ted the 
adjoining mortar. Some or the drilled surfaces intersect empty pebble 
sockets where poorly-bonded aggregate Wl:l.S lost during drilling. Some of 
the surfaces intersect coarse aggregate particles containing cracks visible 
to the naked eye. Most of the cracked particles are chert; a few &re quart
zite or sandstone. Cores frOl:l holes 3-l, 20-l, 60-1, 60-2, 60-3 appear 
fairly dense and free of large Yoids on the drilled and sawed surfaces. In 
those cores the concrete near the out.side of the structure appears generally 
more dense than the concrete in the interior. The core from hole o0-4 is 
noticeably less dense than those mentioned above. Core from hole 5-1 is 
fairly dense to a depth or 7.5 ft, contains n\lllerous large irregular voids 
from 7.5 to 13 rt, is conspicuously honeycombed around 13 to 14 ft (Photo
l>raph 2); from 14 to 39.6 rt it contains many spherical to irregul8.r voids 
lPhotograph 3). In all of the concrete, megascopic voids are more comm.on 

(l)Donnay. J.,o, Ht, La bir~fringence de forme dans la calc~doine;. Annales 
de la Societe Geologique de Belge, pp 289-302, 1936. 
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near co~rse aggregate particles than away froo them (Photographn lb throu~h S). 
Many or the pebbles have relatively narrow but extensive underside voids. 

5. Relation of Chert and Gel Pockets. The gel which grew on tho co~ea 
arter they were stored in se.wd.ust we.s .l.oca.t.ed on chert particles or on mortu.r, 
not on other varieties of coarse e.ggrega.te. The gel intersected by the so.wed 
surfaces adjoined coarse aggregate of all the types present, or occupied 
cracks or voids in the mortar. Although particles of all the types of coarse 
ai;grega.te could be found with &.dja.eent gel,, gel within coe.rso e.ggrega.te we.:; 
confined almost entirely to chert pebbles. Tne exceptions ~~re found in 
highly fractured quartzite pebbles. Tho aesociation of gel with chert ~pp€~red 
to be more cOillI:lon than the ~sscciation of gel with any of the other typos of 
coarse agbregate (Photographs 4,5). To test this indication, megascopic counts 
were made of sawed surfaces to determine the number of chert particles with 
and without associated gel, the number of other coarse a.ggre[;ate particles 
"'1th and without associated gel, and the number of gel pockets or lininEs 
With no visible associetion ~~th a coo.rse aggregate particle (Table 3). On 
57 sawed surfaces count6d, 57 per cent of the total coarse ~ggreGato be1on;cd 
to other varieties than chert, of tnat percentage 53 per cent did not have 
associated gel and 4 per cent had &.ssocia.ted gel; 41 per cent y;as chert., of 
which 36 per cent did not have and 5 hai associated gel. The tot...a.l ntll:lber 
of meg1.soopic gel pockets was 580, of which 110 were apparently isolated_, 
281 adjoined chert &nd 189 adjoined other types of coe.rse aggregate. These 
figures leave out of account the possible connections in depth of the app~r
ently isolated pockets. It is possible to calculate whether the observed 
distribution of gel pockets ~~th respect to chalcedony and other type3 or 
aggregate is a randoo one, or whether the distribution indicates an asscci- { ) 
ation between gel and chalcedony greater t.han that likely to ~rise by chanco. 1 

Those calculations were I:lt.de for the tottl.ls of all the surfaces counted. Th~i 
probability that the asseeiation found would occur by ohs.nee- is le-ss- than l 
in 1000. 

Table 3 also indicates thnt the percentage of ·gel pockets in core 
3-1, containing Per...n-Dixie cement, is lower than it is in any of the corer, 
containing Alpha cement. 

6. Exudates and Deposits in the Concrete. Examination of' drilled, 
sawed, e.nd broken surfaces of the concrete shows that e:evero.l types of de
posits are present in voids and cracks and on abgregate particles. 

a. Gel. The exudates on the core surfaces which are later tht.n 
the drilling o'f'"'t'he cores are white to translucent bluish, laminated, often 
show shrinkag~ cracks, and are brittle when they are dry. The se.mples exu~
ined in immersion media were isotropic gels of' lower indices and with fewc:-

(l}R. A. Fisher 1 St1.1tistical Uethods for Research Workers, G. E. Stechert. 
1946, pp 85-99. 
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crj~talline inclusionsthan the gels which grew in the structure. Two verieti6S 
of gel differing in e.ppearance are found in pockets and lining crr;.cka. One is 
clear to translucent, rubbery to bri ttlo# und usunlly forms the o~ter sholl cf 
the lining if t'Ko varieties e.re preser..t in or!e void. The other is white, opt-qt: 
dull, rubbery to por.dery to brittle, end usu.ally forms the inner core if both 
varieties are preEent in one void. Two e:r.e:mpl6s were found w-here the tre.ns!u
cent gel occupied the int-..erior and the opaque gel the periphery of the fillin:;• 
Under the petrographic nicro£cope, three structural varieties were fcund. Oz;~ 
variety l\'8.S anisotropic. with &ggrege. te pc1le.ri:e.. ti on, low birefrinGence, e.nd 
wavy extinction of the type developed in strair.~d glass. The second variety 
under crossed nicholc had a very fine-grained "pepper-e.nd-ealt" appearance 
resembling chert or fine-grained calcium hydr.oxide; it l\"6.S interpreted as 
incl~sions of minute crystals of calcium hydroxide in gel. SO!l:e of the gel 
v.ith the pepper-and-salt inclusions also contains irregular or rhcr.nbic inolu• 
sions of calcium carbonate. Calcium. carbonate is the only inclusion in scmo 
of the gel seunples. The third variety was clesr, isotropic, and usually 
contained fe~er inclusions thlln the other types. Exenples of all three types 
were found in the same pocket in some cases. The indices of refraction of 
all three varieties ranged; the range observed in the salt-and-pepper typ6 ws.s 
1.478 to 1.511; in the t:'Pe shevdng agg.regate polari::ation from 1.480 to 1.502• 
Isotropic gel later the.n the. drilling or the cores he..d indicet> from 1.465 to 
1.487. All of the ·variations found suggest that gels of differing cozr,positic.:::. 
riAy form within a relatively small volu:ne of concrete with changing conO.itictf: 
and at different times. There are many voids w:bich were entirely filled wi tl: 
gel, or which evidently were once entirely filled but the filling shrank. 
However, most of the void space in the ccncrete is still empty, even in areac 
close to gel-filled cracks. lle.ny voids contain no gel. or a thin partial 
lining of clear brittle gel. Ge.l was found in e.ll sections of all the ccrer, 
regardless of type of cement or diste.nee from the outer surface of the struct-
l.U"e. The moS-t-abundant -gel., -and the gr-e~test _amomit of' ~el-permes. ted and 
gel-whitened paste is found near crLcks in the upper or outer sections. In 
the longest core, 5-1, gel and cr~cking decrease frcm top to bottom in the 
core, but gel is present in the bottom section. 

b. Calci~ C~rbcnete. Carbonation of the cement paste adjoining 
cracks '¥.-as found in thin sections fro::i. depths up to 20 feet from the e:r.tericr. 
A errAll amount of carbonation ~~s found in one thin seotion from core 5-1, 
depth about 39 feet. It is believed that this ce-rbona.ticn tock place after 
the oore was drilled. The fl.Illount and extent of carbonation did not appear 
to be unusual, and is not reearded as significant except that it indicates 
that concrete as deep as 20 feet .,,~s accescible to nir. 

c. Ce.lei~ Suli'oaluminat..e. Ce.lcium sulfoaluminAte was found in 
voids in every section of every core, regardless of distance from the surface 
of the structure. It was most ab'lm.dant in each core near the outer or upper 
surfaoo of the structure. In the "!Pp section of 3-1, which vias represented 
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by a series of chu..'ll:s and fragments, culfoalumint:d;e v.us very ab-..miant i::t void!> 
and in pebble sockets. In the ere.eked outer section of 60-3, e.bout 8 in. frc:::. 
the surfaces, mats, rosetten, e.nd spherulites of sulfoalu::'.iniite filled voids, 
lined pebble eocket:;, and coated sand grains. \'ii th increa.sinf; depths,, tho 
sulfoalumin&t~ was fcund in tufts, rosettes, and linings in the -;oids,, but 
not as lining~ cf pebble sockets. 

d. Cs.lciu:n Eydro:r.ide. Core 5~2 fro.ra depths 38.4 tc 4Co2 ft con
tained well-do::.>cloped 'tufts and rosettes of suli'cclumine.t~ in voids. In co:::io 
of the voids, the sulfoalu::iinate was ~ssociuted with clear colc1rless p.l~tcc 
of calci'll::l hycLcoxide. The co.lciu:n hydroxide is le:J£ abundant thnn the sulf'o
aluninate,, but is not unc.or...11on. This is the i'ir:>t example of calciu:n hydro
xide in cryst;:.lo i:i voids found in field concreti:. exa..>r,ined by this office. 
Since accessiblo calcitl!:l hydroxide is fairly easily converted to cnlci\r.l. 
carbonate by r .. odera..tely dry nir co!ltaining carbon dioxido(l) U .. c dbnifical'.!cc 
or the calcitz:~ hydroxide crystals in voids may be inte-rpreted ri.s follows: 
At some pericQ in its history, the concrete containtd enough circulating 
solutions to les.ch sorr,c of hydroxide fro:i1 the paste and red~posi-'::; it o.s 
crystals in voids. The crystals persisted bece.~0 tho concrete i:e..-er dried 
out enough to permit the crystals to be exposed to relatively dry air 
containing COz .. 

(l)F. M. Lea and C. R. DeschJ The Chemistry of Cement and Concrete. London, 
19~5, P• 328. 
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'fablo 1 

Cond.i ti on of' 4 3:/4-in. cores from Tuscaloosa Look (MOB-4 COH-1 through CON-7) 

1\onoli th Gel 
and Hole ' ::Visible Exudod on J In Pockets 
Numoor Comont ,Crncks Drilled Stirfaceo 'l\nd. Cr!\ ck~ Sulfonluminn t~ 

3-l Penn-Dixie Yes Yes Yes Yes 
Alpha No II 11 tt· 

5-l Alpha (a) Yes Yos Yes 

20-1 Alpha Yes Yes Yes Yes 

60-1, Alpha Yes Yes Yes Yes 
Z,,3,,41 

(a) Cracks visible in sections from O.O to 7.5 ft in depth only. 
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-_--'I'tble 2 - -. --

:o~po~itioc of Coarse Ag~r~bate in Tu.scaloosd Lock, 
a'3 n~tenr:.in~d by Coi.:!:.tS of f&:::tcle.i:; Intersected 

on s~wed Surfaces 

lZcr.oli th 
e !11 Hole 

r;o. 

Si:.weci 

Surfaces Ji'u::n~r of C o&.:rse Agt;rer:~te Fnrticlez, 

3-1 

5-1 

20-1 

€C-l 

- 60-3 

A ... erllf;t! of .:;:l 1 
ccras(d) 

Co~ted 

9 

3 

2 

Che::-t(b) Ot...}ier ( d) 

41 59 

42 58 

42 58 
' 

37 -- 63 

38 62 

32 66 

L~·z .58 

42 58 

(e.) CE-l::ulr·~-~d "l:; E.. percentage of the tote.l nu:r.ber- of coarse e.£grer;e.ta 
,t:erticl.::s i::i.-:·erte:;ted. en the sliwed surfi:.:::e. 

(l.)) Che:·t (','!1--"rnJ.::.~d b:,· =iegf'~scopic exa.:i~:jlitic::i, without Lny distinctio:i 
M·de bel:::w~t!:l c~ert consisting of qui:..rtz ar:d chert CO!lEisting of 
ch~1cedo::y. 

(c) '!'he coi;rso s.t;;re1::ste constituents ot~~; t.ha::i chert.a.re ques.rtz, 
~:ia:-t:::1-.e,, 6<>.::id.stont-, y;it.:-i a few pe.r":i:les cf gre.ni.tic {;neiss. 

(d) .h.:-itr_.,.,etic avo:-&.t;es. based. on a tc~.l of 551S coarse ac~rt:ga.to 
p11.rticl~s. 

e,-( a) 
,-c 
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Tablo 3 

Dis tr' ibut.ion ·of Get Pocko to on Sl\wt1d SurfQCi:s~ or 
Cc•nl)ret~ ft.:1m T'.1i;c~loos.~ Locx 

---------IT\ruii;;rt.-Tili~~QOT.O"<f ··o-r\-~Wi~<l ~ lir r1~c-,;.;-;-i\S·1~;-c;~ -----------·~--

Mono ll th Coo.ri;., Aii;rct,i;c;;·1ic;t- 1.1otlrr,o Ag1~ro·t~~-C<iAsi;ocI~tO..i Inol.\.ted 
nnrl lk1lt"1 · Aosoci1i.tnd wt~.h Gr'll -,.·tth Gel Gol 

-;-r.--·---~----- --x::---------?h.tmbi, r Gh•;f"G · U:·.i;.()r vhQrt vt.hnr Pockotc ------ --·~ ------· 
3-l ~lj 56 5 2 1 

5-l 35 56 I 6 2 1 

20-1 3£3 48 5 5 3 
'.,' 

60-l 31 57 4 3 2 

50-2 32. 55 5 s 3 

60-3 l~ 46 9 10 13 

60-1 34 48 61 7 4 

AvcrnGc, n.11 7 corco 36 ii ti r. i 
;) . 4 2 

Nur.t')dcFJ.l tot,11 h 2032 301G 281 139 110 
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I 
INDEX OF REFRACTl.ON 

FIG. I - DISTRIBUTION OF CHALCEDONIC CHERT COARSE AGGREGATE 

PARTICLES SELECTED FROM CONCRETE FROM TUSCALOOSA LOCK, 

WITH RESPECT TO INDEX OF REFRACTION 

I 1 f 7.'.' 7. ~· ,.~ 

~· .:··.. .. :~.~.,, I 



A. FLECKS OF GEL WITH INCLUDED SAWDUST (A) AND MOUND OF 

GEL (B) WHICH GREW ON CORE SURFACE AFTER DRILLING. 
ABOUT NATURAL SIZE. CORE 5-1, DEPTH 7.5-9.0 

B. OPEN CRACK . (A-A). PARTIALLY FILLED WITH GEL (ARROWS). 

THE CRACK REACHES ITS GREAT.EST WIDTH IN THE CHERT 

PEBBLE NEAR THE CENTER OF THE PHOTOGRAPH. ABOUT 
NATURAL SIZE. CORE 60-1, 7 IN. FROM FORMED SURFACE. 

DRILLED SURFACES Of CORES .FROM TUSCALOOSA LOCK 



A. FLECKS OF GEL WITH INCLUDED SAWDUST (A) AND MOUND OF 
GEL (B) WHICH GREW ON CORE SURFACE AFTER DRILLING . 
ABOUT NATURAL SIZE. CORE 5-1, DEPTH 7.5- 9.0 

B. OPEN CRACK . (A-A). PARTIALLY FILLED WITH GEL (ARROWS). 

THE CRACK REACHES ITS GREATEST WIDTH IN THE CHERT 
PEBBLE NEAR THE CENTER OF THE PHOTOGRAPH. ABOUT 

NATURAL SIZE. CORE 60-1, 7 IN. FROM FORMED SURFACE . 

DRILLED SURFACES OF CORES . FROM TUSCALOOSA LOCK 



CONCRETE WITH NUMEROUS LARGE VOIDS, DEPTH ABOUT 33 FT., CORE 
5-1 . THE SURFACE IS TYPICAL OF THE CORE FROM 14.5 FT. TO 39.6 FT. 
DIRECTION OF PLACEMENT TOWARDS BOTTOM OF PHOTOGRAPH. THE 
VOIDS ARE MORE FREQUENT ADJACENT TO COARSE AGGREGATE PARTICLES. 

DRILLED SURFACE OF CORE 5 - I FROM TUSCALOOSA LOCK 



SAWED SURFACE OF CORE CUT LONGITUPINALLY . THE DIRECTION OF PLACEMENT IS TOWARD THE TOP OF THE PHOTOGRAPH. A-A INDICATES 
THE ENDS OF A CRACK SYSTEM WHICl-:f CAN BE TRACED ACROSS THE CORE, PASSING THROUGH TWO CHERT PEBBLES (I AND 2) . THE 
WHITE CHERT PEBBLE, I, HAS AN OUTER ZONE VERY FIRMLY BONDED TO THE MATRIX AND THE CENTER OF THE PEBBLE SEPARATED BY 
CRACKS FROM THE OUTER ZONE. THE jCHERT P,EBBLES INDICATED BY ARROWS (2 THROUGH 7) SHOW THE WIDE CRACKS COMMON IN CHERT 
PARTICLES IN THIS CONCRETE. IN PEBB~E 2 tt'IE GEL FILLING OF PARTS OF THE CRACK SYSTEM CAN BE SEEN AT THE LEFT AND RIGHT. 
G INDICATE S GEL POCKETS. 

CORE FROM TYSCALOOSA LOCK, HOLE 5-1, DEPTHS 1.5 - 2.0 FT. 



' PART or AREA SHOWN 11';1 PHOTOGRAPH 1, X3.4. ARROWS AT MARGIN MARK ENDS OF CRACK. 1,2 ,3 ARE CHERT 

PEBBLES WITH WELL-DEVELOPED WIDE CRACKS; THOSE IN 3 ARE LOCALLY GEL-FILLED. 4,5, ARE CRACKED 

PEBBLES; THE CRACKS ARE NARROWER THAN THOSE IN 1,2,3. 

CORE FROM TUSCALOOSA LOCK, HOLE 5-1, DEPTHS 1.5 - 2.0 FT. 
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C•.,NCRETE RESEARCH 

~~ PETROGRAPHIC DIVISION 

WATERWAYS EXPERIMENT 
RE PORT P. 0. BOX 217 

STATION 
CLINTON, MISS !SS IPPI I 

I _____, 
SYMBOL: PROJECT: DATE REPORT INITIALS: ! 

KM I IDB-4 6078 Tuscaloosa SUBMITTED: 19 Oct 49 
SERIAL NO: SOURCE: 

KOB-4 CON-2 Tuscaloosa Look: and De.m. 

1. Reference is made to the potror;re.phic report included in 
"Disintegration of Concrete from Tusce.l.oosa Lock a.nd Dam". The last 
paragraph of the summary mentions & thin section blank £rem the 7.5 -
9.0 rt section of core 5-le This blank was impregnated with resin. 

·-

groWld smooth, and exposed to 1ftU"lil humid air for about 36 hr. txlring thie 
exposure, three gel pool::ets and oa.e che.leedony particle on the ground 
surface took up 'W'B.ter from the a.ir and r,welled. Photograph 1 is a photo
graph of the specimen at a me.gn.ifioation of 4x, taken about 23 August 
1949. 

2. About 24 August 1949 the ble.?ll:: was stored in a closed container 
oTcr wa.ter• and left lm.til 17 October 1949. It 1'm.S then re-en.mined and 
photograph 2 was made at the same magnif'ioa.tion. 

3. Certain oom:nents on the re.pid and obvious deTelopruent ot the 
re&etion-produots in this specimen suggest themselves. In the :first pl&ce, 
the specimen ha.s been heated well abo\"e 100 F (probably to 200 F e.t lea&t) 
in the process or impregnating it with resin. During that heating, a 
more a.brupt thermal change took pla.oe in it than it had ever undergone 
betore. The cement paste lost some wat!;;r which it would not have lost in 
la.boratory storage at ambient temperatures. Probably the thermal shock 
and partial dehydration suddenly opened up the general structure and 
particularly the morta.r-ooarse aggregg,te bolm.Wl.ries to a degree unusue.l 
in concrete undergoing mild weathering. Thus the specimen may have been 
rendered unusually susceptible to a l&ter addition or moisture. In the 
second place, 'l'fhile the resin apparently did not thoroughly penetrate the 
interior, it formed a coating a.round nll the surfaces including that .t'rOI:l 
'l'fhich it 11as later rem.oTCd ·by grindi?lg.. All the manifestations of activity 
a.re probably therefore concentrated on the one grmmd sur!'a.c:e. 

4. The coI!llllents in 3 above are tnP.de because other pieces of 
Tuscaloosa cac.orete have been stored in the se.m.e closed container since 
July 1948 without developing any Tisible changes except fairly minor 
increases in gel deposits. Therefore it is not believed or suggested that 
deterioration of the concrete in Tusctloon. lock ma.y be expected to pro
ceed at the rapid rate suggested by the tr.o photographs and dates. It is 
belieTed that the photographs do tend to confirm tho suspicion that the 
reactiTe potential in the concrete bas not been exhausted. 

2 Inols 
1. 2e Photographs 1. 2 

D41 

LMW FORM NO. 557 
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THIN SECTION BLANK IMPREGNATED WITH RESIN, GROUND, EXPOSED TO WARM HUMID AIR 
F"OR ABOUT 36 HRS. MAGNlflCATION 4X 1 PHOTOGRA?HEO ABOUT 23 AUGUST 1949. TWO 
LARGE GEL POCKETS (UPPER RIGHT ANO UPPER CENTER) HAO TAKEN UP MOISTURE ANO 
SWELLED. THE CHALCEDONIC PEBBLE (LOWER LEH CENTER) HAO TAKEN UP MOISTURE, 
ANO THERE WAS A WET SPOT ON A SAND GRAIN AT THE LOWER LEF"T . 

THIN SECTION BLANK, CORE 5-1, 7.5-9.0 FT SECTION, 

TUSCALOOSA LOCK . 



SAME SPECIMEN AfTER STORAGE OVER WATER AT ROOM TEMPERATURE BETWEEN 24 AUGUST 
111·49 ANO 18 OCTOBER 111411. THE GEL POCKETS SHOWN IN THE PREVIOUS PHOTOGRAPH HAVE 
ENLARGED; MANV MORE HAVE APPEARED; CRACKS WHICH WERE NOT Ol!WIOUS eErORE ARE 
NOW TRACED IN REACTION PRODUCT. 

THIN SECTION BLANK, CORE 5-1, 7.5-9.0 FT SECTION, 

TUSCALOOSA LOCK . 
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SUBJl:CT: Investigr:.tion cf Licintegrr.tion of thf..' Concrete in '..foe;cr;.loosu Lock 
and Lan: 

1'01 The Distr.:.i:-:.t .Engineer 
Uo bile p,:. r -tri ct 
Corps of !.;~ineers 
MOBILE, ;.:_,,_EJJ,.~A 

'fRot.!.: The Boartl of ConsultfLl'lts 

The imderL~gned convened on the morninc of October 24th in accor~e.nce 
'rl th previous arrti?Jc~·$'inents an cl reviel\'ed th~ 1.'ield date. e.&sembled by the I.obi lo 
District cinoe th€ "'-<=.st Boe.rd J.:.eetint, 1nepeete;d the condition of cracki~: in 
the locl: -wc..llE, ant:'. ciscussed the &.lktli-agf;ret;r ... te problem involved in this end 
similar structures. 

F.n:LD I::'' . .'~ £ECUPi.ED sn:cE 'l'Hi:~ LJ • .ST t:El~TrnG OF Tl£ BJ.Lt:[! 

There is a.tt&c· i. ~.d hereto e. typed ts.bule.tion or elevc.tions of sel ectcd 
points OJl the lock -. ells ta.ken at C.iff'~rent date& between Je.nUE:.IJ• l&~B e.nd 
6eptet:iber 1949, a C"r,winr, shoring an outline 01' th6 upper end of the lock wtlll• 
in plan l'!'ith e. te.b~ __ r,tion shoring horir.o:nta.l rliste.neec r;iee.t;ured betwec:i r:°iirl::ed 
points on the topG (<' various r.ionoli thr. te.ken bet"f.·t:e:n Janus.ry lf:{r8 c.nd Sc:ptt.r.;oet 
19'9. Corr.pu-ison c: :n::D.Y.imum, Jdnimum, e.nd e.Tere.i;e differences in mec.ture:me:cts1 
both between the. E:.·::-it1{~ of l&4e end the Spring of 1941.9 end the Fall of lf413 Clld 
the Fall of 1949, i_,:: the overall oif'f'erencet between January Hit,;,S e.ri.d ~.eptei::J:i6 
1~4.9 indice.tes th&t ,-rowth he.s continued e.t varyil:l.s n.tes with the vAXimi.:r." hoti' 
zontal cii1>te.nce bt. '-'-'e'en certain points or .02s feet. llimy points chow only e. 
di!'f'erence o!' 0 .ac}. rt. It .tr.; the re fore concluded the.t internal e ;;pe.ncion c.nd 
external cre.ckini; e.:'£; continuing throu{;hout the vt.rious znonoli ths of the lock 
wall&. E.l.thout;h c.t t:. decreuillg rs.te as c~red to the Cal.6.Xlcier YtH>.r 1547 and 
probably 1946. 

Careful exall:in.•:tion of' J.:onolith No. 5, inc1.uding an insp~tion of' the Z611 

hole s.djacent to t~~~ piD.tle beuing, did not indicate e.ny r;rer.t che.nr;e ir.. the 
condition of thii: r.ci:r..olith since the last mE>ctin( of' the toe.rd, e.lthoug:h it. i.S 
stated tho.t the pir.r.lo has moved e.. clste.nce of .015 feet. There is sone cvi• 
or displacement il~ C;?nnection ri th the operating; lllE>Chenism i'or the Otte in 
l'onoli th lio. 5, Ct;.~: fcti this tioe tho displ&.eerient is not cu!'fi cier.t to c.t:.uEe 
er.y concern other -;;.:.r..n to emphasize the ciesirr.bili ty of keepi:rlf; trt..cl:: o:!' such 
indicatione for p0~ ~,iblc future co:rrcctio:::i ii' the C...:.splneeoer..t should coLti~ue 
to increE..sc. '.Lhe c~··r..ckinc in Kon:>Hth lio. !:1 has incree.sec t:.p;::reci&"cly c;ince 
the le ct rieeting t:.:·;: it h&.e bt:cr~ nec6Halj" to di tccr.:tinuc· \lSC o.f the· r.oorir..; 
bit located a.t thE1 -..:._tl6trecx1 end of thi6 monoli tt.. CraoL"'ing in the top of ::ot10 
lith l~o. 20 he.s c.r:r.rently increate<l so!'.leY:hl.t Gin.cc the le.st iMp€ction. 1€'"' 
flection towe.rd tLt lock of the top cf tonolith lJo. 74, and also in o. cov:ni::tre 
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direction fr<',.:''' lionolith No. 73. appeared to heve increased since the last in
!ipecti Oii but o. rour..h Cht'Ck of previous data indicated that the increase. 11' 
e.ny, was of' r:.:.nor amount e.nd prob6.bly in line with increased crackini; in 
general only. 

An intc~esting observation was rnade on J!onoliths Nos. VO, 71, 72, 15 and 
74. llonolitht> 'll enrl 73 above the we.ter sur!'e.ce ere made of Penn-Dixie eeu.ent 
8.nd crackinr. :l.n these Jnonoliths is reh.tively negligible, eepecially on the 450 
bevel ~ th" river £i de of the lock wtll. In contra.st to this apparent lack of 
deflection. ;,z.ttern cracking on the beveled portion of' the river side of the 
lock '"111 ir1 Lonoliths 10. 72 and 74 is yery noticee.ble ana the top of these 
B:O:noliths hr...'\'c deflected toY,e.rd the lock e.n appreciable amoimt, w.ryillg from 
the order o:i' l/2n to the orcit:ir of' l~" in Jlonolitll '14. It 1;eems evident that 
the internd ;"rowth--e.pp-arent.ly caused by the hii;iler alkali con.tent---of' the 
.llphe. cement ::.n the beveled portion of ~:onoliths 70, 12 and 7' he.s been rss
Ponaible for thiE tippini; action. 

:rhere : i.; e.ttached e. copy o!' the report E:ntitled ".Disintegration oi' Con
crete !'rom ·~ \.:E;Ca.loosa Lock und 1mn" dated 25 August 194.9. The purpose or the 
studies e..nd t.eBts conducted by thv Concrete f;E:search Livirdon was to ciei'ini-tely 
ci£termine, if po&riible, the ce.use of the e,.-tensive cracking in 'fusee.loose. Lock. 
'l'he principd concludon of' the Concrete I~es~rch Di'vision is thc.t "'Che..lcetlonic 
Chert is the only constituent found in the coarse or fins &.ggregnte Yhich is 
known to be t:~pable of d&leterlous reaction .,_.ith the 1dnor alb.Us of Portla.nd 
cement. Sue: l. chert is a .more important constituent or the coarse ~gregate than 
or the .fine '-·~Fregete." In the lfl.st pe.re.e;raph of the sumcaey it is noted that 
~le react:.'. on in the structure hao only r;one far enOUfh to crack the concrete 
llea.r the sur.:'ace. all the necessary inp-edients ~r reaction are present in 
the deeper concrete and the.t the production of gel in this concrete is ac
C~len..ted vi,,i::n a source of moisture is provided." In the closing sentence in 
this s~·, the followii;.g is noteds "The concrete containing Alpha cement 
•hows :c:ore :'.~.pis or reaction ths..."1 that oonte.ined bl' Pcnn-1.:11.xie cement• but the 
Concrete cor:t~d.nin.g Perm-Lixie does contain cracks in the upper secti.on and (;f;l 
throut;hout ·be core. 11 It is bc.lievea that the Clinton 11.boratory rep::>rt is 
sufficientl~· exhaustive to serve the purpose of this investigation end that o.ny 
further invl:£~ige.tional work in connection "1. th the cores available should be 
done ti.s a JA.!'C of' tlw ~er1eral proc;ram of i:nve~tigc.tions o!' .U.ke.li-e.r,r:.rebate re
•ction bein[: oonducteci by too Concrete Eest'arch Livision uncier C\'iI 'l'tist Ko. E;os. 

It wac 4';reed by all net:;bers of the Eoarci that e.ny further inve.sti~e.tion 
Of e.lke.li•ii:,;retate reaction in connE·ction Ti'ith Tuscaloosa Lock '\liae not neces-
111tr-y insoi'E:.l' t..8 thti ri.aintenancc uc.l operetion of the lock for i'uturc use is 



concerned. but e.11 ooncurred in t;· . de6ire.bilit;·' of setl-annus.l n~aeurernE--rd:~ to 
be taken in Se;tere.ber e.nd J.prll o:: €:&.ch yt:e:.r f'or tr,i;;, purpoe.e of' checl:inz the lo• 
ce.tion of all four pintle bee.rinr~' a.s well ~s other pror.d.nent points on tcp c~ 
the lock well that e.re being watc ;_-: d. It Wh.6 l1.lso concludE:d that it would be 
desirable to check the: horir.ontfil dEt£..ncE; across the lock bei;w~£n pintle bE<&.r .. 
ings as a continuing; check on a:.:.~ '.'OUible movetren.t of the pintles in fl. lock-we.rd 
direction. It woulc f!.ppear that c.r.:y movement that would b& detritnente.l to the 
l!le.intens:i.ee end operi..ti on or the 1(/ck in the future would haTe to be 'toTe.rd the 
lock. It is n.l&o sut:;::;ested th6.t a cloE-e chEick on the open.ting 11\t1cha.nisn ii::. 
1£onoli th l\o. 5 be "'e..inte.ined. Y!"'G::i. observation curi?!i'; the inspection on the 
!4th it 'Yrould e.ppe&r that inC.ioe:tions oi' the gtem g;uice relative to deflecticm, 
either in e. horizontal or e. vertict..l direction, e.nd thf; C.iete.nce b«:::t'tf(tfm the: 
E;Uide uid the roller. e.s :r.ee.surec~ l'J" feeler gauge e.t <iefinite pcdnts, ir:.it.ht be 
as ae.tisfs.ctory an ir.;!ice..tion cf rrorlh enc moveiner1t t:.s e.ny plt:.ce such :rr.ee.eu.t>e .. 
ment& could be r.cs.ce on i:Jle operc:tins zne.chinery. 

itr. ~'yler sur£e6ted that the;· would be interested in ~akinc ~a~o "Velocity 
:mea.sure:menta; &.t the poir:tc previct:::zly mee.1n1r.,d in June 19fe "7hteIJever they l'iere 
in this territory !'or the purpose of making "4"8.Ve v£:.locity l!lee.surements on other 
structures. !t was the unanimous opinion of the bor.rci tue.t F .c .ii.. should be 
encourar;e~ to continue we.ve velocity 'l.U&~curet;;.fJlts pre vi 0U£1ly :;:1;.ce at least . 
until such ti~e that the Clinton laboratory has ~v~iluble. wave velocity apr~r
e.tus of its ol"l?l for keepint; track of grovrth tmC. novereent in certrJ.n EtructU!"eS 
such as Tuscaloosa Lock. 

It ~as the un~l'.!imous opinio~ of all present at this ~eetin~ that due to 
continued internal t;rcnrt:h and ext.crnal shrink&.ge. even though e.t a. slower rate, 
it is highly i:~ractic&ble to !11£.ke e.ny extensive repairs at this ti~e. or 
probably at a..'"ly time 1n the cot:.rtit: of the next y&a.r or ~. Unless 'fusee.loose 
Look cor..crete per!'onnE differentl:', thim other. itructures sil!lile.rly affeote:d. 
growth will continue for liU tmdett~ned period and until it ceas~s it wo~ld not 
--e.ppe:a.re~sir--ab1e-to ~~e-extensive. _r~pe.ire e~oe.pt to ~_pecific points that requit1 

aome :m.e.intens.J:;.ce, e.s in tho case ;;>f L:onolith lio. 51 where the co1•crete around tll1 

1:1ooring bit has tlreacy O.eterior£'ted. to such ei.n extent as to me.ke it dEtngerous 
to uu:. lt ther£1fore appe.e.rs th£.t som.ethill.b must be done to reco.ndi ti on thG 
upper part of li:i?loli th A'o. 51 ant: put the mooritlf, bit back into useable con~itiO~ 
For thil'! purpoi;e e.nC. for the purp::<;e or obtu.ining 50X:.€l clata on poc.:E1ble future 
repe.irs for t1!c top of' the lock :v.cl.l ir.onolit.aa t~t E-re exten~iv~ly cra<.ckt.C., t!tl 
BoG.l"d recor:u:.:cnds t hnt the concret;;;, in 'Che top of l:.'i>noli th l~o. !51 be re?tlo'Vt;d ti.J1d 

a roinforceti concrete ce.p block """''ton top oi' tllis monolith. '.rnc ti:r..tent of: . 
the cone retEi to be reoovec.i can be determin~d only e.fter its cxee.vati on is s t&rtel 
It is believ~d the.t soine reinforcin& will b~ neeess~:-y to prevent immeCi~tt. 
cr&ekint; cue t.o r.~ov:th or the concrete under the ce.p and it is £Ub!:,eeted tr..e.t 
l•inch or l•l/8-ir..ch 5(1WU"e be.rs <:.t e..pproxi'l:l8.tt1ly l&-inch centers both "tVaye be 
imbticicit'C. e..bout ;:, inch~e belovr th<:. surf~ce of the nt-'W concret" cup block. '.i.'he 
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8??'..a.ll co1d; of· t,,, reinf'orciuc ch.ot4lc provide en m;cell~nt illuc.tre.tion of' v:i"l.E'.t 
cc.n. bt:: tt..cco::r1plit..' ;;. in thi& Tf:r.pcct and •-:ilf:ther it v.ill be c;lc;.sirc~ble in future 
re:pc:..ir~ to use :·e~:::..1'orcili..t Etet:l. 

I~o furt.tier 1 ~ .-·tinr;s of the .board t.re uncier considere.tion ad; thit tine• 
It is &ssur.i.cd. t:_ \":.itt!n conCitions ~evclop that would necesaitt:.te further con-
s::.dt<ration by t; 1::,a.ra. ti;.e .1.:obile District will call such e. rH:eting. 

J .... '1 invi te.t: -:-., wt..c e:r.tendto:d to t!ie Portland CamE:nt J.gsoc!.e.tion to be pr~scnt 
at thiE r.ieetinr. t .. :_ !'r • Ivan f,. J.'ylc-r,. FMt..r,er cf rielc'l Reeee.rc~1, ll0.6 pt"esent 
throurhout the ~.;.t ;<E;ction ar..C. lti.ter uiscussions • 

.H. K. COJK 

G • E • Y:LS TOli 

J.ttached: 
l. '.!'abulatioT. ,_,::.: elevations of 

selectea :~ints on lock walls. 
2. Drawing t::i; 1

; ing outline of upp~r 
end or l (>;:, "~ we.11 s in :r; l an with e. 
te.bula.ti c.: £>hOY'ir.; .hori z.onte.l dis
trmcea 1';. ·~"·een me.rkt>d points on 
tope of' 1 riou~ r.onoliths-. 

3, l'<eport "1,:: ~ntegrt.tior: cl Concrete 
frOl:l 'l'uM . ~. oosn ~ck: u,C. lit..r.11 c!t6 
26 Augur·.. }_ 8~9 • 

,T. C. SPP.AGUB 
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Corps of Engineers, USAE 
Waterways Experiment 
Station 

Petrographic Report Concrete Lab6ratory 

P. 0. Box 631 
Vicksburg, Mississippi 

Project Condition Survey and Stress Analysis, 
nl-iupr Tn('k and Dam 

Date 20 December 1976 
ADB 

Background 

1. The structure was built between 1937 and 1939 as Tuscaloosa Lock and 
Dam. It was later named Oliver Lock and DaT. A report by the U. S. Army 
Engineer Waterways Experiment Station (WES) dated August 1949 identified 
the deleterious chemical reaction that had occurred in about 10 years as 
the alkali-silica reaction. 

2. Approximately 25 years later two more cores have been examined. The 
questions that were to be answered were: 

a. Does the entire length of each concrete core show evidence of 
alkali-silica reaction? 

b. If present, has the reaction exhausted its expansive potential? 

Samples 

3. Two cores of nominal 4-in. diameter were received in November 1976 
from the U. S. Army Engineer District, Mobile, for examination and testing· 
They are identified below: 

Concrete Laboratory Serial No. 

MOB-4 CON-15 (concrete) 
and_MOB-4 DC-1 (rock) 

MOB-4 CON-16 

Test procedure 

Field Data 

One core consisting of approxi
mately 63 ft of concrete and 
28 ft of foundation rock from 
monolith 5 (land wall). It 
was located at Sta O+Ol.5B 
and 27.5 ft from the chamber 
~wall. 

One concrete core approximately 
25 ft long from monolith 16 
(land wall). It was located 
at Sta 4+31B and 27.5 ft from 
the chamber wall. 

4. Each core was logged. Some of the pieces of concrete in each core and 
all of the pieces of foundation rock from monolith 5 had been sealed in a 
wrapping of cheesecloth and wax to preserve them at field moisture condi~ 
tions. Since the concrete appeared to be generally uniform in appearance, 
these pieces were not unwrapped during the logging. The sealed pieces of 
foundation rock were opened, inspected quickly, and iTill!lediately resealed. 

WES FORM No. 
Rev Feb 1970 1115 Fl 



5. Petrographic samples were taken from the following portions of the 
cores. 

SamEle ' Honolith DeEth Interval, ft 

Concrete 5 3.5-4.2 
Alkali-silica gel 20.7 
Concrete 30.9-32.7 
Concrete 53.3-54.3 
Concrete 59.9-60.6 

Foundation rock 
(shale, sandstone) 70.3-71.0 

Foundation rock 
(shale) 85.5-85.9 

Concrete 16 0.0-0.9 
Concrete 1. 2-1.4 
Concrete 3.3-4.0 
Concrete 5.6-6.9 
Concrete 21.5-21. 9 
Concrete 24.5-25.3 

Drilling was discontinued in monolith 16 when
2
the hole was 25.3 ft deep. 

The color of the rock samples was determined. 

6. Samples of concrete from the above pieces were selected for length
change measurements from the top, middle, and bottom concrete portions 
of the monolith 5 core and from the top and bottom portions of the 
monolith 16 core. Each piece was sawed to a length ranging from about 
6 to 11 in. and fitted with metal inserts. The five pieces of core were 
measured, stored in water overnight, and remeasured; this latter value 
was taken as the reference length. The specimens were then stored over 
water at 100 percent r3lative humidity (RH) and 100°F in general accord
ance with CRD-C 123-72 and measured weekly. The intent of storage at 
the high moisture and temµerature conditions is to determine if an~ 
expansive potential remains in the concrete. It is not intended to 
simulate field conditions. 

7. The remainder of the petrographic samples were examined with a 
stereomicroscope. This included examination of broken surfaces and of 
some surfaces that had been sawed and then ground to enhance detail. 

8. Thin sections of the foundation rock from the 70.3 to 71.0 ft 
interval were prepared and examined with a polarizing microscope. 

9. Selected portions of the foundation rock were examined by X-ray 
diffraction to determine their mineralogical composition. Saturation 
with glycerol and heat treatment were u~ed along with X-ray diffraction 
to assist in characterization of the 14A clay mineral in the shale. 

F2 



10. The sample of alkali-silica gel from the 20.7-ft depth of the 
monolith 5 core was ground and X-rayed as a tightly...:packed powder; 
powder immersion mounts of it were examined with a polarizing 
microscope. 

11. All of the X-ray patterns were made with an X-ray diffractometer 
using nickel-filtered copper radiation. 

Results 

12. The logs of the two cores are attached (Figures 1, 2). Inspection 
of the core during the logging and of other data showed: 

a. There is evidence of alkali-silica reaction from top to bottom 
of the concrete in each core. This is seen as white alkali-silica gel 
in voids and on broken surfaces, as rimmed chert particles, and as 
cracks that traverse mortar or aggregates.or both. 

b. The evidence of alkali-silica reaction decreases with depth. 
The major effects of the reaction appear to be concentrated in the upper 
few feet of each core. This observation is not unusual and probably is 
connected with the increase in restraint with depth. 

c. Breaks in the concrete that appeared to have been present before 
the cores were drilled are listed below: 

Monolith 5 - 2.2, 2.8, 3.3, 3.5, 4.5, 9.3, 9.7, 10.4, 15.4, 19.3, 
39.7(?), and a vertical crack between 53.3 and 54.3 ft. 

Monolith 16 - 3.0, an almost vertical crack between 3.0 and 3.6, 
fragmented between 3.6 and 4.0, and 5.4 ft. 

d. Aside from the difference in amount of alkali-silica reaction 
with depth the concrete appeared homogeneous. The coarse aggregate was 
chert, quartz, and quartzit~ of about 1-1/2-in. maximum size; the fine 
aggregate was natural sand. There were scattered small areas of honey-

-comb-due --t-0 -Poor -conso1 idation. _According to infonnation on thI Black 
Warrior, Warrior, and Tombigbee Rivers Concrete Progress Chart, the

1 cement in all of both cores should be the higher alkali Alpha brand. 

e. The foundation 2ock in the lower 28 ft of zhe core from mono
lith 5 is dark gray (N3) shale and light gray (N7) fine-grained 
sandstone. Some areas of the core are all shale, others are all sand
stone, and some are alternating thin layers of the two. The sandstone 
is identified as siltstone on Figure 1, but it is more properly called 
sandstone. Scattered small patches and layers of tan clay (dark 
yellowish brown, lOYR 4/2)2 are indicated on Figure 1. This material 
turned out to be clayey concentrations of siderite (Feco3) when examined 
by X-ray diffraction. 
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f. The foundation material also included 0.4 ft of coal between 
79.9 and 80.3 ft. There were traces of coal at scattered intervals below 
this area. 

g. All of the breaks in the foundation rock appeared to be fresh 
breaks that were associated with the drilling process. 

h. Air drying of the shale sample from the 85 ft depth did not 
produce appreciable cracking. 

13. Length-change data for five samples of concrete are shown in Table 1. 
The values for the three pieces from monolith 5 show an increase with 
time and with depth. The values for the two pieces from monolith 16 show 
these trends to a minor degree. However, all of the data indicate enough 
expansion to show that the potential for expansion due to the alkali
silica reaction is still present in the concrete represented under these 
conditions of high moisture and temperature. Similar data for cores 
stored at high moisture conditions and temperatures around 70°F would 
provide an interesting contrast since they would more nearly simulate 
possible field conditions. 

14. Examination of the petrographic samples of concrete yerified the 
preliminary core inspection and agreed with previous data about the 
presence of alkali-silica reaction. The sample of flkali-silica gel 
showed varieties similar to those described before. The refractive 
index of the anisotropic types was above 1.486 while that for the iso
tropic type was below this value. All varieties had refractive indices 
below 1.544. The X-ray pastern of this gel showed spacings similar to 
those listed for other gel but no specific identification was made. 
The spacings are shown below: 

0 

SEacing, A Relative Intensity 

10.5 Medium 
8.8 Weak 
6.6 Very weak 
5-~6 Ve-ry weu"-k 
3.59 Weak 
3.07 Strong 
3.03 Strong (probably 

calcite) 
2.81 Weak 
2.14 Weak 
1. 98 Weak 
1.84 Weak 
1.67 Weak 
1.64 Very weak 
1.54 Very weak 

The X-ray pattern indicated that the gel was a mixture of crystalline 
phase(s) and amorphous material. 
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15. Petrographic examination of the samples of foundation rock showed 
that the shale and sandstone were composed of micaceous minerals (chlorite, 
muscovite, biotite), clays (kaolinite, clay-mica), and nonclays (quartz, 
feldspars). The shale contained detectable siderite and the sandstone 
showed detectable calcite. The shale contained more micaceous and clayey 
material while the sandstone contained more quartz and feldspar. The 
siderite mentioned earlier also contained small amounts of the same con
stituents as the shale and the sandstone. 

16. Examination of the thin sections showed that the grain size of the 
rock was usually about 120 by 120 µm with some particles up to 250 by 
250 µm. These sizes meant that the rock should be classified as a fine
grained sandstone rather than siltstone. The grain size was fairly 
uniform. Most of the quartz grains were anhedral in shape. There were 
both quartz grain to grain contacts and some instances of mica or clay 
between the sand grains. Therefore, the rock is fine-grained, micaceous 
sandstone cemented mainly by silica. 

Conclusions 

17. The full lengths of both concrete cores show evidence of alkali
silica reaction. The reaction is more pronounced in the upper few feet 
of the cores. 

18. Length-changes of concrete specimens from both cores stored at 
100 percent RH and 100°F show that the concrete still has expansive 
potential. 

19. The foundation rock is shale, fine-grained sandstone, and closely 
spaced alternating layers of these materials. 

20. Ther~ is a thin layer (0.4 ft) of coal at a depth of about 80 ft 
in the core from monolith 5. 

Recommeodations 

21. It is recommended that the present length-change measurements be 
continued to determine how much expansion will occur under these condi
tions. It is further suggested that companion specimens be prepared 
for storage at 100 percent RH and about 75°F with periodic measurement 
to determine how much of the expansion is due to elevated temperature. 
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Table 1 
' Length-Change of Concrete Cores from Monoliths 5 and 16, 

Monolith 

5 

16 

SEecimen 

3 

4 

5 

1 

2 

:Apprm;ima te 
, DeEth 2 ft 

4 

31 

60 

1 

25 

(a) All values are positive. 

Oliver Lock and Dam 

Length-Change at Ages Shown Below 2 % (a)(b) 
7-day 14-day 21-day 28-dai 56-day 8_4-day 271-day 

0.058 0.115 0.130 0.188 0.231 0.246 (c) 

0.066 0.085 0.123 0.132 0.132 . 0.142 0.160 

0.140 0.218 0.249 0.249 0.280 0.312 (c) 

0.062 0.072 0.062 0.103 0.145 0.176 0.280 

0.034 0.079 0.079 0.090 0.113 0.102 0.135 

(b) Values in Ref erente 1 for three specimens from Monolith 5 showed that it took from 11 
to 80 days to expand from 0.06 to 0.08 percent. The specimens did not show additional 
expansions when measurements were stopped at 1 year. 

(c) Not determined. 
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log of 4-in.-Diameter Core No. MOB-4 CON-15 (Concrete) and MOB-4 DC-1 (Rock) from 
Pliver Lock and Dam Monolith 5* (Land Wall) 

---------~---·---·-···-

1, ft 
40 

Depth, ft 

0 

- -----. -- ---
' . 

' -- ---------- -

2 

• -- -- - f•• ---

I - -------------

4 .:gi; 
_.!>-_ _!__ -- -· 

. ~-:~~I~=--
l 

' ; - ------ --- ------ --
' ·--· __ ._ .. __ . -
I 

---- ---·· : .. _,:. ___ _ 
' 

6 •. ····· - - --- ·-·--
j 

-· - -- ,- - - -· --·-
---- ----------1- .. 

I 1 

l ------ ----------. 

8 

l__ _______ _ 

Finished surface 

Old break 

Old break 

Old break 
Old break 

New break 

Old break 

Location: Sta 0 + Ol.5B 
27.5 ft from face of 

chamber wall 

Coarse aggregate: Natural 
gravel (chert, quartzite, 
and quartz). Maximum size 
about 1-1/2 in. 

Fine aggregate: Natural sand 

Alkali-silica reaction gel in 
voids and on broken sur
faces. Rims on some aggre
gate particles. Some chert 
is badly cracked. Evidence 
of reaction decreases with 
depth. 

No lift contacts are evident . 

P - Petrographic sample 
~L - Length-change sample 

Gel is evident on the new 
breaks 

Vertical scale: 
0.2 in. = 1 ft 

No horizontal scale. 

New break End box 1 Box indicates depth is 6.5 ft 

New break 
*Note: The first 63.l ft is 

concrete (MOB-4 CON-15). 
The rest is foundation rock 
(MOB-4 DC-1). 
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l Log 
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I 
I 
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I 
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! 

of MOB-4 CON-15 (Continued) 

Depth, ft 
8 

10 

12 . 

14 

16 J 
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I 
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---~- -4-.:_ ____ _ 
i . 

. ----· --..!..---- ·-· . ' 
I ! ---------' ' 
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i I 

Old break 

Old break 

Old break 
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New break 

New break 

New break 

Old break 

'-------------------~-- ----------------

End box 2 

' 
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-----· ---·- ------~------ ---- ---------------------------

! 
l 
!Log of MOB-4 CON-15 (Continued) 
! 
i-----

1 
I 

' 
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l 
I 
I 
I 
I 
i 

I 
I 
I 
I 
I 

---- -------- ----

Depth, ft 

24 
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' --1 

·I 
I 

--·- ··- ----
' 

______ ";' ___ .L__. 

. -- ----.. .. - __,_ ---
i 

---·- - . ~----. 

28 • -- - .. c. -~---

.. -- . 

New break 

New break 

New break 

New break 

New break 

End box 4 

I 
Partial honeycomb 

30 -

New break 

32 New break 

Page 4 of 12 
·-----------·--- ------------------------------ ____ J'lL ________________ ------------ - ... 



of MOB-4 CON-15 (Continued) 

Depth, ft, . 
32 
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New break 
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Loose rock 
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Old? break 

End box 5 

About 12 in. of honeycomb 

End box 6 
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' I Log of MOB-4 CON-15 (Continued) i--·------ ·--·--·-------·-----·------ ----------------------
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1 
l 
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I 
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Depth, ft 
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42 

44 

46 
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_: __ ' ___ , 
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I 
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-·--- - -------

·- -·-·-·· --
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-. -- --- -~1 

~ 
-- . -- .. ····--1 
--· .. :· ----. - -

--~·-··_.-·--. . - .. --- -

. - -- --- ----

' ' 

New break 

New break 

New break 

New break 

New break 

------··· ·-- ··-- ------------

End box 7 

Fl3 

Piece from 39.7 to 41.2 ft 
was sealed in wax. 
opened. 

Piece from 42 to 43.7 
was sealed in wax. 
opened. 

Poor consolidation for 
inch or two. 

Not 

ft 
Not 

an 

The two pieces from 45.7 to. 
49 ft were sealed in wax. 
Not opened. 
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Log of MOB-4 CON-15 (Continued) 
·------------------------- -------------------------------~ 

Depth, ft 
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New break 

New break 

New break 

New break 

New break 
New break 

New break 

New break 

New break 

New break 

New break 

New break 

End box 8 

Old vertical crack between 
53.3 and 54.3 
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! Log 
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I 
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of :MOB-4 CON-15 and of NOB-4 DC-1 (Continued) 
------- -------- -- ---·-----· -----· 

Depth, ft 

56 

58 

60 

~
___ -----' 
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----- --·---- --i 

I i 
--~- '---+--

1 

New break 

New break 

New break 

New break 

New break End box 9 

New break 

New break 

Piece from 59 to 59.9 is 
sealed. Not opened. 

Sealed in wax. Not opened. 

62 

. - ... - --·- -· ·---
; 

64 

New break 

New break 

Tight contact of concrete 
with blackish shale 
foundation rock. Rock 
is flat lying inter
fingered black shale and 
gray siltstone. 

~ ----------~-------------- __ -------. __ Fl~---------·------
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Log of.MOB-4 DC-1 (Continued) 
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---.--~=--·--·· 

L_._ 

Same rock. Top 0.3 ft intact. Remainder 
split into thin layers. 

End box 10 

Intact flat· lying rock from 64. 7 to 66 ft • 
The rock is thin bedded interf ingered 
black shale and gray siltstone. 

Intact rock generally as above 66 to 66.7. 
Zones of shale and siltstone starting 
to show. 

Thin layered shale and siltstone. 

As above. 

As above 

68.5 to 66.2. Top half largely siltstone with 
thin seam (about 1/4 in.) tan clay at 68.7. 
Bottom half is thin bedded as above. 

66.2 to 66.6. Upper two-thirds siltstone. 
Remainder thin bedded as above. 

66.6 to 70.3. Top half thin bedded shale and 
siltstone. Remainder is siltstone. 

TO. J to TO. 6. Zon-ed- sha-le and siltstone-. 
70.6 to 71. Zoned shale and siltstone. 
71 to 71.5. Siltstone with about 1/4-in. seam 

of tan clay near bottom o( piece. 
71.5 to 72.3. Essentially all siltstone with 

scattered thin stringers of tan clay. 

End box 11 
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! Log 
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of MOB-4 DC-1 (Continued) 

Depth, ft 
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80 

72:3 to 72.6. Largely siltstone with thin 
stringers of black shale. 

72.6 to 73.2. Siltstone wi~h thin stringer 
of coal. Healed vertical crack . 

73.2 to 73.7. Siltstone with some thin 
stringers of clay and shale. 

73.7 to 74.2. Black shale with some tan clay. 

74.2 to 75.2. Intact flat bedded black shale 
with small areas of tan clay. 

75.2 to 76. Same as above piece. 

76 to 76.7. As above piece. 

76.7 to 77.2. Top 0.2 ft interfingered thin 
bedded shale and siltstone.as before. Bottom 
port~on is shale. 

77.2 to 78. Black shale 

End box 12 

78 to 78.8. Same as above piece. 

78.8 to 79.4. Essentially as above; becoming 
thicker bedded. Cra6k at 79 ft. 

Same as above. 
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79.9 to 80.3 is broken fragments of coal. 

Black shale again. 

As above. Thin bedded. 

81.3 to 82.3. As above. 

82.3 to 83.3. As above. In addition, there 
are lines of coal at about 1/3 and 2/3 
points. 

Thin bedded shale as above. Thin· stringers 
of coal at a couple of spots. 

End box 13 
As above piece. 

Thin bedded black shale. 

As above piece with one thin stringer of 
coal near top of piece. 
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' !Log of MOB-4 DC-1 (Continued) 
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87.8 to 88.2. As above piece. 

As above piece. One thin stringer of coal 
0.3 from top of piece. 

Thin bedded black shale. 

As above. Thin seam of siltstone near 
top of piece. 

End box 14 
End of hole 

NOTE: The breaks in the foundation 
rock appeared to be new. 
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Log of 4-in.-Diameter Concrete Core No. MOB-4 CON-16 
.from Oliver Lock and Dam Monolith 16 (Land Wall) 
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New break 

New break 

New break 

New break 

Portion of hollow pipe, 
about 2-in. diameter 

New break 

New break 

Old break 

Old near vertical crack 

Fragmented 

End of vertical crack 
New break 

New break 

Old break 

Honeycomb area 

New break End box 1 

Pieces in the 
interval from 
6.9 to 20.7 
were sealed in 
wax. They were 
not opened. 

Figure 2. 

Location: Sta 4 + 31B 
27.5 ft from face of 

chamber wall 

Same aggregate as in 
monolith 5. 

The concrete shows white gel 
due to alkali-silica 
reaction. 

P Petrographic sample 
~L - Length-change sample 

Lift contacts were not 
evident. 

Vertical scale: 
0.2 in. = 1 ft 

No horizontal scale. 
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1 Log of MOB-4 CON-16 (Continued) 
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~g of MOB-4 CON-16 (Continued) 

--------------
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Log of MOB-4 CON-16 (Continued) 
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--·--;---r-·i-··-

-- ~-- -- -- -·-
' 

___ J_ __ J_~ ·--
' I j 

i I 

-~ ---L.-~--

' 
--~-1--~-

; ! l --- -~--t------
. ; : 

I 
! I 

--~- -· ,- - c·--
! j l 

--'--·-l----
1 ! ; 

-- -~- ·-t--~-

' 
-~--'-- -----

---i---!--~---
. --~---+_:-h-

1 i 
' I .. -- ---+- ---+--
' I 

-- - . ~ --- L_ -·-----
; ! ~ 

----~- ---·---. ·--
. . 

----+-·--;-- --- -·-
! 

·---- . .., _____ _ 
' . 

I 

- .. ~ -;.....--~ --
' 

··-·;·-~- ......... --
------· ·r-·--~- -

' 

New break 

New break End box 4 

·--- ----,-------=---- ____________ . ____ }?2_3_ ________ _ 

This is all of the core 
that was received from 
this hole. 

Page 4 of 4 



II Ii Log of Core :OB~~- nc-~_fr:-~~e-~pi~l-"."y Foundation, Oliver Lock and Dam 

I 
I El, ft 

68 
Depth, 

56 

58 

60 

62 

64 

ft 

l 
. 

- ... 

·- ·--- . ~ -- - . 

. 

.. 

. ··---- -· -- ·----·· . 

. 

. 

Top 62.3 ft of core is concrete. 
Not examined. 

Location of hole. 4.75 ft down-
stream from dam face, 7.5 ft sout 
of North Abutment. 

Elevation at top of hole 124 ft. 

Summary of foundation rock • 
10.1 ft of grayish shale that 
appears to become blacker and mor 
compact with increasing depth. 
L 9 ft of alternating thin layers 
of shale and fine-grained sand
stone. 
2.8 ft of fine-grained sandstone. 
1.1 ft of blackish shale. 
0.9 ft of interlayered shale and 
sandstone as above. 
16.8 ft total 

Thin seams (<0.1-ft thic~) of 
coal at 63.1 and 63.7 ft. 

Foundation rock starts at 62.3 ft 

Vertical scale: 1 in. = 1 ft 
No horizontal scale • 
P - Petrographic sample taken • 

Rock is shale from 62.3 to 72.4 ft. 

Q.05-ft coal at 63.1 ft. 

Seam of coal at 63.7 ft. 

,_ Figure 3 Page 1 of 3 ·--- ------------·- --- ---------- ,----------- ·---------------·· -~~- -~~-~~ 
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MOB-4 DC-2 (Continued) 
!------------------------··-- -------·------

Depth, ft 
64 

66 

68 

--. ·-- -r---;---
___ _; ____ :-~ -•.. 

··--- ... --. -----
: i I . ---:--r- i--

----;--- -+-- .... ··----
' i I 

--~-_j_J.... __ _ 

. ! ! -----·--;-.-

: I : 

~-T-
, I I 

-~~L~J_E~ 
~ ' . : __ ' __ J ____ _j __ 
. ; 

' 

I I . _ __.._r-·--

- . ; i -

70 

72 

·--c- ------.----
i -----; --;---

; ' I ·--.- ---!---, --

--- - i ·--------
' i 

--;--)--T· 
__ !,._ -o---- ;_ -

. ' -- -~---T ----.----

! ; : 

' I ------i-

i 

L_·~----- _J2_5__ -

--'------

All shale on this sheet 

Bottom of Box 10 

Vertical break, 70.8 - 71.0, 
probably old. 

Page 2 of 3 



I MOB-4 DC-2 (Continued) . 
r-- ·-------- ----------------· 

Depth, ft 
72 

End Box 11 

The interval from 72.4 to 74.3 ft 
shows traces of sandstone inter
fingering with the shale. 

74 

76 

78 

80 

·-·· ... l-.:. 
I 

--· -- __ ....:,.._ _: .. -

Old(?) break dips about 20°. 

~---.....d-. May be old break 
--~-·---~-

! : ··1--r-· · -
- - -~----·-T-----· - r- Becoming mostly sandstone 

I in this interval 
~-. ~--;--_...... - J ' 

May be old break on 
shale seam. Dips 30°. 

Old steep break 

' ' ' 
Sandstone to here with scattered shale - . _____ ,.. ___ _ 

i ' ' l ..... --~~-t~:-.~-~--~-:--~~t Shale 

...,__=~-~=~_.....,: J 
-, 

rlnterbedded shale and sandstone 

I 
.,_ ______ -...-t_j End Box 12. End of core. 

Note on box stated that 
core from 79.1 to 80.7 
was discarded. 

Page 3 of 3 
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APPENDIX G 

FIELD DRILLING LOGS 



Hole No. IJ.oocli+n S 

DRILLING LOG 
l"f'.T A~LA"Tll..""IN !il'll l I f 

MOEILE OtSTRIC::T "' 2. '"'t" 
'- .,HOJ":CT 

9. TOTAL OCPTH OF" t-IOLE 

ELfVATh.)fril 
CL.ASS1FICATIOf.I OF M"'TERl ... LS -. CORI: eox OA PEMARKS 

iH.PTH LECiE1t.oOI fll<"•"''''i~n) REC.OV· SAMPLE cn,.11111t '""''• ... , .. , lu11, d•p•h ol 
ER'f NO. ... ... ,1...-un,:, eli;:., 11 •••"1/11:.nd 

i--~~--+~-b---t ~·'--~~~~~~--'~~~~~~-t~~-t~'~-t-~~~~~~·~~~~~--i~ 

COl-JCR.E."IE 

Gl 

100 

100 

100 

100 

JOO 

JOO 

100 

100 

?fh)JECT 

EL. I 37.7- 1~5.3 
CRA.CV.2:.D A.T Yz.FT. 
11-JTERVALS 

EL. 13.3.5 H F\MMEP. 
BREAK 

EL. I '31. C) VI BR.A.Tl ON 
BREA.K 

EL.12G. ~, J 2 5.'31$ 
1'2.3. 2 l-IA.MME.R 
BRt=:A.K 

EL.('t.3,2. - 12.J.G I 

CRA.CK~D A.T .4-
IUTE'...RVAL 'i> 

EL.121.S, '2. 11 PIPE 

EL.119. 2 CORE. f?R·:JKC)) 
AT CHt>..LCEOOIJY 
POCKET 

EL. llG. o VIBRA.TIOl-J 
BRE.i>:.K. 

E.L. IOG.~ CllALCE.OOfJ"l' 
VOIDS 

EL.104.1-103.S 
HOIJEYCOMP.£D 

COWCRC:.TE, SOME 
MORTAR VJA.SHE.D 
OUT BY DRILL 
WA.TER VJ/G.Rt...YE.L 
R::O:COVERED 

E:.L.102..0 4 101.0 
HA."-.llMER BP..EA.K 

H0i..C Nt;), 

OLIVER LOCK Mon. 5 



r . 

. ----·-·----
DRILU!l:G LOG (C<'nl $h,.cti""""0

N '
0
'.,, ""·' !.J.0.0 Hole No.l/ior.o!i~n 5 

••<)J<CJ 

fl[ VAT ION 

7G.9 

47.7 

CLIVER LOCK ('"'''"""N ~.l.O~I LE. D!STP.ICT 1:'"2 ,}f,, 
D£M'li UG(NO CLASS•fll:ATION Of ,.,, ... ·n1.t.LS I :r~g:~ ·~~~P~(ll:j tD••ll··· ,.,.,~.(:~~.~s/ ... "'''" •/ 

tlh1."f''''"" 1 (IY NO. 111411>1,,,.11,, "··· •/ ..,,.,.,/l•'*-.:J 

______ J_____ ( -----~·-------<--

55 .• 
C:Ok!CRE:TE 

70 

75 

COA.L 

55 

90 

E:.OTTOM OF HOLE 

G2 

100 

roo 
!00 

100 

100 

100 

100 

I 

EL e-a.7- ss.7 
VERTICAL CRACV. 
W/f:JROIL.:::W CO!-JC. 

COf..JCRETE-
FOtH.JDA"TlO!J 
CON TA.Cf 

EL.G7.3 DISCA..R.DED 
0.4' OF COR.E 
6R.OK.EW UP 11-..l 
51T 

EL. 7G.9 -4 7. 7 "-10 
AP?A.REklT CPE.tJ 
CRA.CKS l>J FOUIJ-
DAllON. A.LL 
oRI:OA.K S LOOI< 
FRESH,PRO~ABLY 
DUE TO DRILL 
vr BRA.Tl0"1. 

DISCARDE.0 1
1 

OF 
CORE A.I eoTroM 
OF HOLE 

' ~ . 

l
,..CJU~T 

OUVE..R L.ocv. 1

"10\f ... ? 

l/,on. 5 

I 
- l 



Hole Mo. M~r.o! ;.i.1, 8 
Ot'wl'.1~,_. 

DRILLING LOG 

SIGNAT~N'S'PicTOJ:t 
9. TOT"L DEPTH OF ... DLE 

ELFVATfVN OF.PTH L'l!!GENO 
CLA5Sltr1CATION OF MATERIALS 

fDr.cn11t1ot'1 

c .w. KLl"-IG 
~ CORE BOll. o~ REMA.Ates 
RECOV· SAMPLE" tOr111m, limt', _,,,,tu ... ti.Pf" of 

Flll:Y 11110. _.,, .. ,,nc. •tc., ,, .,,,..,,,"•nd 
1--~~~+--b--l~_;:_~r--~~~~~~-"-~~~~~~~-t--·~~-+~-'~+-~~~~~~·'--~~~~~-t-~ 

100 

93 

100 
C:OWCRETE 

100 

l2 
119.3 20.~ 

100 

BOTTOM OF µOLE 
...J 

,· 

G3 

EL I 39. 2 OPcJJ CRACk 

Et...138.0 -135.8 
z 01'..l co. oF co~::: 
Loss, LOOSE A.~D 
BROKE~ 

EL..134. 2. VIBRA.TI0"-1 
E>REA.K 

E.L.132.3 CORE 
BROKEW A.T WHA.T 
APPEA.RS TO ?.>E" 
A LIFT LINE 

EL.l':l0-8 Ef, 129. 7 
14AMMER E:>REA.K 

EL.125.3 l} 1'2.!.5 
VIBRATION BREAK 

EL.122. 9 1-lA.MME.R 
BREAK. 

"VLC 1'10. 

Mon. 8 



HoleNo.M,..,nolith (<;; 

DRILLING LOG 
:J•\o-•Sh . .H.t 

SOUT~ ATLA.t-J"TIC 
S"1l t T I 
0,- l SH((TS "i"10BI LE.. DlSTRtCT 

I F'IH>J',Cl 

\5f&RT£0 !COM•~ETED 

160ATEH.,lE i 11-8-7(;; : lf-9-7(;; 

, T111c.c;,.,Ess or o~,.. Con~ 
ll C!PTH OFllLl.fO INTO ROCK 

2.~' 
o.o 

9. TOTAL OC.PTH OF ._.Ol.E 

EL~VATION O~PTH LCG[NC 

2 ::::,3' 
CLASSIF'ICATl0"4 OF" 1.U.l£fHALS 

ro •. ,. ... ,,P''""' 

CONCRETE 

'P.lOTTOIVi or= l-IOLE 

G4 

EL~~ .. ULE 140.Q 

... coqE evx cq 
AECOV· SAMPLE 

ERY NC.. 
f 

100 

100 

100 

100 

100 

100 

;.-~OJt:CT 

100 

C. W. KL! f.JG 
REMARKS 

(Dtdl.nt: rmrr, w•tt:r lu••· WpUt •I 
_,,.,,_..,.~, lffc,, 11 ••,:"d1c•nt) 

• 
EL.l?i~.f,138.4,137.c;;:j 

137.I & l?<P.BOPE.1-J 
CRACKS 

E.L.138.s- r=s.s 
BROKE.1--J 

EL. 1'34.SVIBRATIOU 
E>REA..K 

EL.. 133.1 BADC'Ot-.JC. 
CtlALCEDC~.JY PKT. 

EL.1';(.Z ~ 1~8.8 
Vt BRl\.TIOl'J f.>REAkS 

EL. 12Sl.8 \.lAMME'R 
BRE:A.K 

EL. f'l7.4- ~ I 2G. '3 
HAM MER BREAKS 

EL.125.14 121.5 
VIBRATION BREA.KS 

EL. I '38.4. LOST 
PRESSURE Tl1RO~I! 
VERT. CRACK, 1-l lT 
2'1 'STEEL PIPE:. 

EL.118.5-> llS.O ii 
llG.8 I.IA.VIM ER 
BREAKS 

EL. fl 5.5 VIF.:R1'TIOIJ 
BREAK 

r.1•0 •iU· ~St wOL.C fiihJ. 

OLIVER LOCK f..l.on.IG 



• 

Hole No. Vor.'">lirn 12> 
I Ho • f & I : .. I ,_. ·~ 

DRILLING LOG .:o~r;1~ ,l\TL.i\t-JT:c l ~~·..lE:lL::"'. ~i:S7P.! :; ""I ~·11r"s 

6. Ot~£CTIUN OF HOLE 

ELfVA.TION OF;PTH LEGEND 

112-~ 

~~T•~lLO tco~~L~1£n 
16 OAiE MOL[ 11-9 -7C. ; If -10-7'0 

CLASS!l"ICATION 0~ Mlt.Tt:RIAi,..S 
to •. ,.,·rrpr1.,.~> 

CO\.JCR£TE 

BOTTOM OF HOLE 

GS· 

~ CORE !~OX. OR; 
P.CCO\I· ISAMPLl I 

FRY NO 

' I 

100 

100 

100 

100 

100 

100 

100 

~fMAP~S 
fD1111.,,., f1mr, ,. .. , .. , 1 ..... drplltof 

,.. . .,,.!~rin~. l'fc •• 11 ••~"1l1.:.,n1} 

E.L. 131.8 '!f,i.' ':01E.El
ROD 01-J SIDE Or 
CORE 

EL.128.G.I 127.1 '!!. 
tZS.9 Vl'CRA.T10"1 
5RSAKS 

EL. 1 '2.G.4 HAMMER 
eREA.K 

~ L. I '2. 3. 3 co:< E 
P...ROl-<E.1.J 11-J !::IT 
A. T 2 II p I p E. 

EL. 122.4 ~ llB.C, 
Vl8RA.T!OIJ f:,REAJ( 

EL. 117.0 LOOKS 
Lll<E. LIFT JOltJT 

E.L. I 15.G V!3R.A..Tt0\J 
BREA..!< 

EL. i 13.8 1-i A.I.II MER 
BREA..K 

E.L. t13. 8- llZ.3 CORE 
DISC'ARDE..D 

1 ··i.t1..' lt CT "~" r, ~ .. 1 .,, 

OLIVER LOC;.,(. 
I "'-'LL .. .J. 

Mc:ir•.18 



, .. ,. ~A.,_ l.. Al l'..JTI 

DRILLING LOG 

6. Ol"tfCTIOH OF MOLE 

BILL f,J,CiLV;..:. .. ~-1 
___ __,~-------,-,-,.-;;-,~coo------~I~c7o-w~•-•~•~,,-o----I 

IS £1,.tvAl10"i GRVU"<O WA.TEA 

X¥["-TIC6L (~jlf'ICLlNf:D _____ CE~ Siii.OM VERT, ! 11-1 B - 7:0 

ELf'VATION DEPTM L(GENC 
CLASSl,.fCA"" ; .. )~ t.1•TERIALS a;, •.. ,.,·.,,.,v 

eoTTO~/. OF HOLE 

•• COA E BOX OQ 
"'r.cov- !tA~f'LC 

fk'I' MO 
I 

100 

100 

100 

100 

100 

100 

100 

REMAPotS 
fDr,f/11:#1 llmr, ... "*, .. ' 1.., •• , dr"Pfhol 

M<'nll• ti'\&., elC., 1t S•t;"l/J(•n/) 

• 
CL.i2'3.~ l-(t,.l/;N'.2:P. 

2:~EA..V~ 

EL. 131.8, !25.51 i2:-.8 
l,';~RA.TIOfJ ~'2Et..KS 

EL 1:0.s-1"2:0. o 
WORE our BIT 

U~EI) UP 4 fOITS 
llJ FiRST 12.5

1 

.. 
' 

/' !'tVJfr T r,1·;, '1,.1,1 

0~1v:.=:s~ LOCV. 
"0;...l "-10. 

1 r.;;-::n. G8 

G6 



Hole No. L'1'.)rv·,li~h 72 
lh~TAi.,1,.o\110... ~Hl.l.T ( 

::o·J~-~ '°"TLA~i'C MOP-.! ~E'- c:sTR!C-:- .)J" t ~~([TS 
1-,-. ..,P-H-.:>-,.~.C~T~-----L-==-=--"--'----"-'-'....:::'--'="'--"-"'"---t-,o-,-,,-',-. -._-'O'"-:T~F-l or; f"IT t!'. t 2:. '.·~ • ;:Ji :m Jr' .. _ 

CLIVSR LOCK 11 v•r-..,7.;,.·,,:,A·YctVa.ri.)~~;...J•M-:-rii·,~M:i.LJ _______ _ 

DRILLING LOG 

i i.OCA-Tlo-..,-,c~~:;;,,,,:;,-;; 'l"·s,~.,.:.J------,---k 1 ·vGr tv1 'SL 
Sta.G.+50 ~ 4.5 '·i_':_'?~ c0_arr.r.c-_!" r.:1 C('.,~.1_,LgJ[tl lrolANLl_~•cT-UfflMS"D~~U"'"TiO~F"CWli~-----
J CNILl.t"~ A~L"'CY • FA.tLlfJGi ..::.:.!. 

~_Of31 LE. __ QL;:._TR1 CT _ u ·;01~·-;00-;-c~r;:- --,r;;-,-,u-.-.-.-o--: ...... 01s,.vHuEo . 
... -.-,0-L°"E°'H'°'O,..-IA.,.--o -.,-~-.,-,~on. '''"""'"J: rotlr• SU~':)t: ... :;A ... PL(S. TA-.t_N • 

...,,.,,._,, .. , Moholi-1-h 72 -----------2---------i 
~;. oi.;n .. 1.rff ----------------~~-----

tS ELl:V'TION GJ:IVU"tO ••TE.~ 

---------,-.-, .. i;iT£O 1co-..,..._cTc:o 
16 OATEt(OLE i ::-i9-7Ct : H-24-7G; 

1 TM1C111:Nnso,.o rRs ec·1('"0!JCRETE 18 .... :$' 
" CEPTf'I :>'AIL LEO ttHO qoc,c; -----------0-:ci-

17. CLfYATION TOP 0~~-~_9-.. ,_Vc;_ __ _ 

' TOTAL OCPTH OF t"OLE 18. 3 1 

CLASSIFICATION VF MAT£k1ALS ~COP£ BOk OR! "1.C'"l•U-~,,,.5 
£L~"V•TIO.. O~PTH L£GCNO 

fD<'tif:tlJHI"'" AE.COV• SAMPLE j fOolln:A r1mr, "'"''~' 1.., ... , rJ,.pth GI 
CRY kt I -•<.'wt'1n.;, .,le;., ii 11crulu • .,nd 

• 
100 IE:.L.l~G.3, Yz."c;is 
100 ST;:..EL oA..R 

CO~CRETE 
I EL. 134. 7 VIBRATION 

5 100 
BREA.K 

E.L. I ,33. 7 FIGURE "a" 
SHA.PED JUN~ 

tOO 
STE EL. 

r3o.4- EL. !33.3 HORJZ. 
CRA-CK, LOST SOV;C: 
DRILL WA.T'E.R 

GA.LLER'Y 100 w;;:c~ CAV.~ oor 
01-.l StGE CF WA.LL C 

15 

1'23.? 
COl-JCRETE 100 

121.7 
"I El. 13'2..::.- 130.4, 

BOTTOM OF J-IOL.E I 2 3. 4 - 12 t. 7 
VERY HARD COl-.JC. 
DRILL ?.ilTS WORE 
OUT RAPIDLY 

OT•CJIECT •.r,, °')•)-f'1f .,.CLt: NO. 

OLIVE:!~ !...OCV, IJlon. 72 

G7. 



Hole Ho. 'SPiLLIJ/AY 

DRILLING LOG 
-..Ht.CT J 

o~ 2 s .. ~cTs 

11~:,f ....... "110~ 

I ~,.,1 ·.~r-:1 ~- !7":... r:: ::;.~ iC T 
t. JJP.VJ'.CT 

-------··--------------i 
s. NA~r- Oi~"i:L"'r-.---------------i u TOl .LL. NUMe£q COF-i! e.:i,c_s_~J ~?.. ____ _ 

51 LL Iv: CI l..'N.A..1 ~ •s nrv•llON G•OuNo • .,,. 

6. QIR[CTIO,.. \,)f" M~----------~'----+--,-,-0-.-,-.-H-O_L_E __ ·~TAM!CO !COM..,l..f";.c-c,o-:0,----i 

______ lf_-i-7G ! 1'2.-5-7G 

7 THICK NE~~~~- ~_?_!°!.~!°..:~e: __ Gz_L? 1 11. fl_EVATION TOP 0,. MO_L_r ____ l_'l_4-~·~o 

11 C'E:PTPI C'FtlLLfO INTC Q.jCI( j 8. 4 t 

9. TOTAL OfPTH OF' H0i..E s0-:7• 
CL.A5StF'lCAT10"4 OF' ..,..a."l'(RIALS 

1n,,.cup:1on.J 

COl-JCRETE: 

EHG FORM 18 36 PAC1,.ous !:01T1 ·o,is ..... .,. f.lr:: us .. o 
t APR f,J 

G8 

.. CO~E ~0X cq 
AECOV~ SA~P·.£ 

CRY NO 
I 

JOO 

100 

[00 

[00 

\00 

100 

100 

100 

100 

100 

100 

i'HVJlC. T 

~EMAAKS 
(1'•1:tm,: f1r.t<'. ,..,.,,., 1..,~,., .!.-p!.'1 of 

...... ,, ... ,.,,,, •f.:., ,, ··~"''"'"'"~ 

• 

E.L. I '2 3. 1 ¢, I 2 I. 8 
V13RA.TIOU CRACi-:S 

EL.Im.a~ 1'20.3 
HAl/.MEK !3RE:..t.-K 

EL 117.8, 117.0f !15.G 
f+A.l-1.V.:::R BR;:::A_;< 
HOIJ E.YCOMBE.D ccrJC. -

SL..1:4.5 - 113.8 
0.1' OF lllORT.\R. 
Wt\'S"1~D OUT A.T 
EL.. l!°t.8. ;<ECO\i;::;::::;c; 
Leos;:: G~AV'EL ,l.,ROUIJD 
C:::.~:: 2. C. C.:t...;TC:. K: 
COWTIJ.-JUOUS. 

EL.107.G d IOG.8 
1-lf..l/.lv'.E'R BRE::J\;<S 

EL.llO.l--107.C. WAXED 

EL.105.5,105.0¢ 10~.C. 
1-iAl/;t..t;ER i::REA.KS 

EL. \04-.c;-102.c; \//AXE.'D _ 

EL.101.9,1or.2 ~ ~e.o 
Ht-V.f..!.ER E:.R<::A.KS 

EL.IOI. 2.-':?18.0WA:xcD 

ELS~.2-- VJ 5RAno1>-~ 
BR.:::1-._K 

EL.~4-.2 4 94.5 
J.lA.Ml.t.ER BREAl(S 

E.::L.'31.9,~: .. '}'?o.5 
.; .t.-1 •.• .;.;::.;~ ~REA.KS 

SL. 00.4-BG. I VERT. 
JOl~T 

~L'. SS. 3 VJ!!R/'"7"10~ 
e.REA-K 

E.l. i32.5 l 82.3 
1-L~ .... Lti V. 2: ;:.~ :: ;:: Et .... :< 

~L. e2..3 - 78. G 
'J//...,J:SD 

r,1• ~ 'I l'l· l ~I 

.OLIVE..::. SP!Lt. .. V/~Y 



• 

i 

I 
I 
! 
i 
I 

l 
' I 
I 
i 
I 
I 

I 
I 
i 
I 
I 

I 
I 

l 
I 
I 

I 
I 
I 

I 

~RILLING LOG (Cont Sh.:iet;i""••o.:>N '0 ' °' "0
" 

rtOltCl 

OLIVER SP! LLWA...Y 

fUVATION D[VTH LHifNO 

• b d - so 

COlJCRETE 

!'24.0' 

•4 COlif. IOX OR 
R[(QV. SA~.,l( 

UY NO. 
f 

100 

100 

100 

Hole No. 'S :0 I!.... L \','.\ Y 

UM,l,JtJ:S 
i Or1/l .. 11 ~ .. ,. -. .11.,, 1 ..... ~,,_t •/ 

.. ,.,,1o,n•r '''·· 1/ "''"';. ..... , 

EL.76-<D-78.1 wt...·,;ED 

E.L. 15.t l-IA.Mlv'.S~ 
~REA.:< 

EL. 71.~ Vi~RA"7l01-.J 
f:iRi=:A.'r< 

EL. 73.0-72.0 F~OR 
COIJCRE.TE 

E:... G/.-::J VloRr-..;:olJ 
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