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PREFACE

An investigatioﬁ 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 Orcder for Reimbursable Services No. 77-013, dated 27

October 1976,

The contract was monitored by the Mobile District Office
under the direction of Mr. Bobby Feldef, whose cooperation is greatly
appreciated, Mr., Bill Kling coordinated District support to CL. :
during the field work., His assistance and that of the lock personnel

was outstanding.

The invesfigation was conducted under the direction of
‘Messrs, B. Mather and J. M. Scenlon. Active participants iunithe
condition survey included J. E. McDonald, R. L. Campbell, J. T.
Peatross, Z. N. Ok, A, Muller, H. Thornton, and D. Glass. The
petrographic examination was under the direction of Mr, A, Buck.

The stress analysis was directed by Mr. Campbell, with assistance
from Mr. A, M, Alexander, The report was pfepared by Messrs. McDonald

and Campbell,

Col J. L, Cannon, CE, was WES Commander and Director
during the conduct of this investigation., Mr. F. R. Brown was

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

U. S. customary 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

By To Obtain
2.540000 E-N2 meters
3.048000 E-O1 meters
4,535924 E-01 kilograms
1.601846 E+01 kilograms per cubic meter
6.894757 EH+03 pascals
6.894757 E+06 pascals
3.048000 E-01 meter per second

5/9

Celsius degrees or Kelvins*

* To obtain Celsius (C) temperature readings from Fahrenheit (F) read-

ings, use the following equation:

Kelvin (K) readings, use:

4

C + (5/9)(F - 32).

K= (5/9)(F - 32) + 273.15,

To obtain



AN INVESTIGATION OF CONCRETE CONDITION,

WILLIAM BACON OLIVER LOCK AND SPILLWAY

PART I: INTRODUCTION

Background

William Bacon Oliver Lock and Dam was constructed on the Varrior River
near Tuscaloosa, Alabama, betwecn 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, small 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 Qas decided a
special investigation should be made to determine its cause and 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 measures.

The Board examined the structure in November, 1947, reviewed available
data, and concluded that: (1) cracking in moﬁoliths 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 inspeétion 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 Eoard is

contained in Appendix B.



A series of cores was drilled including a 36-in diémeter core from
Monolith No. 5, 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 cbnducted 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 ofvthe 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 results
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 strﬁcture in which reportedly
Alpha cement was used,

The Board of Consultants met again in Qctober, 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



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 growth 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 where 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 Monolith No. 51

be removed, and that a reinforced concrete cap block be cast onitop 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 spillway.



Examination of concrete and foundation cores and tests to
determine material‘properties.

Finite element stress analysis of the upper land wall gate block.
Report of results including comparisons with previous work

on this structure.



PART II1: CONDITION SURVEY

The engineering survey to assess the condition of concrete
in Oliver Lock and Spillway consisted primarily of mapping significant
cracking, soniscope investigation of selected monoliths, and an examina-
tion and testiny of concrete and foundation cores to determine material
properties. Field work associated with the condition survey was accom-

plished during the Fall of 1576.

Concrete Cracking

During the course of the conditicn survey, a comprehensive
examination of coﬁcrete 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:

Designation Surface Crack Width, in,
s 00000000 Ma}(i.ml;‘lz widt1]< 1/16

Maximum width 2 1/16

In gencral, monoliths cast entircly with concrete containing
the higher alkali cement exhibited the most severe cracking. Of these,
Monolith Nos. &, 16, and 20 had the most «xtensive surface cracking
Figs. 11-18). Monolith No. 5 also had extensive 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 iﬁ 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.l Moisture and
temperature conditions in the;e 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 the most extensive
surface cracking of the four gate monoliths and was built entirely with
the higher-alkali cement, The current condition of surface cracking
in selected areas is compared to the condition of the same areas in 1948
(Figs. 21-31). A number of the cracks located in 1948 are hoc 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 apparenf 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.
10



Overall, the chauber faces of both lock walle aépear to be
in relatively good cendition., The river wall fece, iun perticular,
showed little evidence of deterioration. With the exception of
some small areas which have experienced abrasion and gouging from
tows during locking operations, the river chamber face remains essen-
tially unchanged with time (Fig. 32). A number of the monoliths in the
land wall have a significant horizontal crack in their chamber faces,
coinciding approximately with the upper pool wzter level (Fig. 33).
This cracking is gencrally confined to those monoliths with thin
upper sections and coincides approximately with the change in cross
section of the monoliths., A number of these monoliths exhibit
areas of gel leachingy in their upper portions (Fig. 34).

In general, cracking was less extensive in the iuspection
galleries thén on the monolith surfaces, Examples of this type of
cracking are shown in Fig. 35. Deposits of gel resulting from the
alkali-silica reaction were evident on gallery surfaces within a
number of monoliths (Fig. 36). There were only a very few instances,
such as Monolith No. 13, where leaching appeared to be a current
process,

A number of monoliths, particularly in the river weall,
contained the higher alkali cement only in their lower portiocus.
While the upper portions of these wonoliths exhibit no significant
deterioration, the lower portions have cracked as a result of the
alkali-silica reaction (Figs. 37-40). Coﬁsequently, the internal

growth and cracking of this concrete has caused significant displacements,

11



both horizontal and vertical, of the top surface of some monoliths,
particularly in the lower guard wall (Figs. 41-43). Relative dis-
placements betwecen 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 meonoliths (Fig. 45). A comparison of current photographs
of joint displacements with similar photographs obtained in 1948 and
1954 (Figs. 41, 42, and 45) indicates the ma jor part of these displace-
ments occurred feiatively early in the life of the structure. Some
system of periocdic measurements to monitor these displacéments 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 operatiogs building. This crack crosses the top of the
monolith and continues down both the lock and river faces (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 Investigotion

The equipment used in =2 soniscope investigation is similar to that
described in Corps of Engineers test method CRD-C 51~721. The apparatus
transmits pulses of ultrasonic sound through a material and measures
electronically the time required for their transmission. The three
principél 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 micréseconds.
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, Velgcities through the material can be computed

by using the following formula:

Path length, ft
Transwrission time, sec '

Pulse velocity, fps =
Experience in ultrasonic testing indicates that the relation between
velocity and quality of concrete of normal demnsity is approximately as
shown in the following tabulétion. It should be noted, however, that these

values are only typical, and cannot be expccted to apply in all instances.
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Pulse Velocity, Condition

fps
Above 15,000 Excellent
12,000-15,000 Generally good
10,000-12,000 Questionable
7,000-10,000 Generally poor

Below 7,000 ‘ Very poor

Previous Tests

The initiel soniscope tests were conducted in June, 1948,
by the Portland Cement Association. Subsequent tests have been conducted
periodically by tﬁe Concrete Laboratory, WES?’B’4 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 atva depth of 35 ft (Plaﬁe 1). Subsequent tests, while
limited to the upper 12 ft (with the exception of.1952 and 1954), gave
similar results. The variation in pulse velocity, with time 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. Ag the 8%-ft depth, the trend was for
concrete pulse velocity to decrease slightly, with an average of approx-
imately 13,700 fps. 1In comparison the concrete at 5-ft depth exhibited
an increase in pulse velocity from approximately 12,000 fps to more that
13,000 fps during this period.

During the period 1948-1975, soniscope tests were conducted
on five other monoliths, in addition to Monoclith No. 5, with results as

shown in Table 1. 1In this group of tests, the soniscope test path was

14



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

tésts 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. Ih 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.FS, 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 standard type previou;ly
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 omne
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 surface
abrasions crezted during normal locking operations. Since tests.at depths
both above and below this level pave 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 14,255 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 tesf 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 mitgr sill appear even
better, ranging from 14,00 to 15,895 fps, with an average of 15,060 fps.
Similarly, test results for the fixed-crest spillway ranged from 12,990
to 15,635 fps, averaging 14,510 fps.

With the exception of Monolitﬁ 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 pefiod 1948-1975 indicate the
concrete in Monolith Nos. 16 and 20 would be classified as questiconable.
However, it should be noted that the same data indicate the concrete
in these monoliths is not experiencing progressive deterioration; in fact.,

the trend is for increzsed pulse velocities since tests were initiated in
16



the early 1950's,

Material Properties

Two shipments of concrete and foundation cores were furnished
WES by the Mobile District., The first shipment consisted of concrete
and foundation core from Monolith No. 5 and concréte core from Monolith
No. 16. Complete laboratory logs of those cores are included in Appendix
F. The second shipment of cores consisted of concrete core from Monolith
ﬁos. 8, 16, 18, 68, and 72, Ip addition, concrete and foundation core
from Monolith No. 100 of the fixed-crest spillway wes included in this
shipment., The foundation portion of core from the spillway was logged
in the laboratory, with results included in Aprendix 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 compressive strength, modulus
cf elasticity, and Poisson's ratio, with results as shown in Table 2.
The ultrasonic pulse velocity of cach specimen was determined prior to
wounting four surface strain gages, two each lzteral and longitudinal,
for destructive testing., Results of tests on 28 similar specimens

from the seccond shipment of core and 3 additional 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 fo 6530 psi, with an overall average of 5300 psi.
Two specimens from this monolith were tested in 1948, with one 4.75-in,
core from a depth of 19.0-23.0 ft having & compressive strenzgth and
modulus of elasticity of 5140 psi and 4,52 x 10° psi, respectively.
In comparison, the average of four currént tests on core from 12.5-
te 24,5-ft depth indicates essentially the sane compressive strength,
5180 psi, and a somewhat lower modulus of elasticity, 3.38 x 106 psi.
The other specimen previously tested was a €-in. diameier core drilled
from the lower sectH on of the 36-in. core which indicated a compressive
strength and nodulus of elasticity of 5200 psi and 2,68 x 106 psi, respec-
tivély. The zverage 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 significant variztions between individual

test results, a least squares curve of best fit (Fig., 51) indicates that-
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the compressive.strength cf concrete in Momolith 1's. 5 increases wvith
depth, A similar trend is observed for both modulis of elasticity

(Fig. 52), aund ultrasonic pulse velocity (Fig, 53). When the results of
all strength tests on concrete contazining the higrcr-alkali cement are
examined, it appears that compressive strength increases with depth down
to approximately 20 ft, after which the strength lovel is relatively
stable (Fig. 54). 1In comperison, results of tests on concrete contzining
the lower-alkali cement indicate no systematic verlction in compressive
strength with changes in cepth (Fig. 55). The corjressive strength of
this concrete ranged from 4960 to 9150 psi, with &n cverall averzge cf
6630 psi for the 18 specimens tested, Excluding t'i¢ two test results
greater than 9000 psi, the remeining results range¢ from approximately
5000 to 7500 psi, with an average of 6320 psi. I: comparison, results
of tests on the 25 specimens containing the higher-zlkali cement ranéed
from 2580 to 6760 psi, with an overall average of 5070 psi. The dif-
ferences in pglse velocity for the two concretes were not so pfonounced;
however, the higher-alkali concrete did seem to be more 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 modulus of
elasticity and Péisson's ratic for each specimen wzs calculated as shown
in Table 4, The confined rmodulus of elasticity wes someyhat higher than
that determined 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 thoce determined in situ in 1948 (Fig. 59). The in situ
velocity at 5-ft depth has varied considerably over the years (Plate 1).
In the two most recent tests, velocities ranged frxcn 12,155 fps in 19€5,

to 13,535 fps in 1975, The latter result is morc consistent with core tests,
: 19



Foundation Core Tests

Upon arrival in the laboratory, foundation core from Monolith o,
5 was examined and logged as shown in Appendix F. Based on this excuination,
four zones were selected for testing to determine material properties

for input to the stress analysis as follows:

Zone Lpprox. Depth, ft Description

D 63.1-68.5 o Black shale with
siltstone

E 68.5-73.7 Siltstone with tan

clay, shale

r 73.7-79.9 Black shale with
small amounts of
tan clay and siltstone
stringers

G 79.9-91.4 Black shale with

coal stringers

The material descriptions are based dn the core log; however the petrographic
report states the siltstone.is more properly called sandstone.

Eight 4/~ gy 8~in specimens, two ﬁrom each zone, were teéted'to
determine unconfined compreégive 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 petrographic
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
at 100 percent RH and 100°F show that the concrete still has expansive

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

depth,

21
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Fig- 12 Cracking, Monolith No. 16.
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Fig. '3 Cracking in upstream face of
bulkhead recess, Monolith No. 16.
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Fig ¥ Top Surface, Monolith No. 20, 1948,



a, 1954

A I

Fig!® Top Surface, Monolith No. 20,
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1976

b.

1954

a.

Figll Cracking in Monolith No. 20 as seen from

gallery looking upstream.



R

-~

1976

b.

Fig 17 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. 18 Lower guide wall deterioration,
So



Fig. 19 Cracking in upper gate block,
land wall (Monolith No. 5).
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Fig. 20 Cracking in upstream face at bulkhead
recess, Monolith No. 5.
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Fig

21 Photograph layout, Monolith No. 5,
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b. 1976

Fig. 2% Top surface, Monolith No., 5.
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Fig. 23 Top surface, Monolith No. 5.
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Fig. 24 Top surface, Monolith No. 5.
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Fig. 28 Top surface, Monolith No. 5.
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Fig. 26 Top surface, Monolith No. 5.
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b. 1976

Fig. 2T Top surface, Monolith No. 5,
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Fig. &8 Top surface, Monolith No. 5.
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Fig. ¥ Top surface, Monolith No. 5,
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Fig. 30 Top surface, Monolith No. 5,
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Fig.3! Top surface, Monolith No. 5.
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Fig. 3% Monolith No. 60, lock chamber face,
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Fig. 34

General condition of lock chamber faces,
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Fig. 36 Examples of cracking
in inspection galleries,
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Fig.36 Typical deposits of gel resulting

from chemical reaction.




a. Overall

Fig. 87 River wall, river face. b. Joint between Monolith Nos.
‘ 65 and 66



DAL/ 68

Fig.38 Monolith No. 60, river face.
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a, Monolith No. 65

b. Monolith No. 74

Fig. 3 River wall and lower guard wall, river face,

21



beeml976

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



b, 1976

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

73

74,



b. 1976

Fig.4% Longitudinal displacement between Monolith Nos. 73 (left) and

4

74.



MONOLITH
7374

Fig. 43 Gallery displacements, lower guard wall,
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a. Overall b. Closeup

Fig. 44 Deterioration of joint between Monolith Nos. 73 and 74.



Fig 48 Displacement Between Monolith Nos. 19 & 20,

™



Fig. 46 Cracking in river face of Monolith
No. 54 immediately upstream
of operations building.,
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Figure 47. Concrete pulse velocity, monolith No. 5.
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Figure 52.

Relationship between modulus of elasticity and depth.
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PART III: STRESS ANALYSIS

Reduced concrete strengths resulting from alkali-silica reactions
initiated concern regarding magnitude and location of stress concentra-
tions within certain lock wall monoliths. 1In 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
because it had the most extensive surface cracking of the four gate
monoliths and was built entirely with the higher alkali cement.
Consequently, the upstream landwnll 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 Iocation 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 material properties as input.
This type of analysis, however, is restricted to the x-y plane and

does not allow the distributicn of stresses in the Z direction due

to point loads in the x-y plane. Consequently, a 2-D analysis cof the
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gate monolith containing point loads would, at best, yield questionable
results.

The 3-D solid element stress analysis would model a structure
that had point loads and other changes along the 2 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. Ko graphical presentation of output.
c. Isotropic material properties as input.

When the two potential solution methods were compared, it was deter-
mined thet the monolith could best be modeled by a 3-D analysis because
of the following condiFions in loadings and geometrv of the structure:

a. Point lcading:-
1. Pintle (gate weiéht and free-hanging gate forces)
2. Top of recess (gate thrust)
3. Gate anchors (frée—hanging gate fo:ces).
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 figures 61 through 65,
A finite element 3-D grid was constructed to model the 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 was used around cutouts to Lmprove the accuracy of the
output for these potentially critical areas of stress. A width-
or height-to-length ratio of 1.0 to 7.86 was used for minimum element

size,

Input Lota

The structure was divided intr three zones to reflect the

decrease in concrete strength with t:e increase in elevation. These

zones and their material properties vcre as follows:

Yodulus

:lasticigy Poiscon's
Zone Elevation wsi x 10 Ratio
A 129,6-140.0 ft 2.34 0.144
B 111.0-129.6 ft 3.38 0.158

The foundation was classified into frur material zones as previously.
discussed in the description of found:tion core tests, Material
properties for these zones are shown in Table 5.,

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

Load Case Operation Description
1 Normal Urper pool water level upstream

arc downstream of gate

2. Normal Upper pool water level upstream
of gate and lower pool downstream
ol gate

3 Maintenance Leek chamber dewatered

Gate loads and uplift pressures werc different for each cese (fiigures 62
through 65), The hydrostatic -~ prec:sures in the intake culvert

were at a constant upper pool head {-v all cases,



Based on the results from a previous subsurface investigation by
the Mobile Districéi the following properties were used to calculate

backfill pressures:

]

Moist Unit Weight = 128.8 lbs/cu ft

Submerged Unit Weight

It

67.7 1lbs/cu ft

¢ Angle = 30.0°

Average Water Table Elevation= 125.0 ft
The at-rest earth coefficient, K, , for the backfill was calculated
using the following equation from reference 6:

Ko = 1 - sin @ = 0.5

As dictated by the Struc;ural Analysis 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 weré applied as point loads, as follows?

Load Case Description

1 Free-hanging wéight minus buoyancy: weight
applied at pintle and moment forces applied
at pintle and gat: anchors

2 Thrust loads: wecight applied at pintle and
the portion of the thrust load not taken by the
sill applied at the top of the monolith

3 Free~hanging weiznt: weight applied at pintle
and moment forces applied at pintle and gate
anchors

yplift was applied simulteneously to the structure and the founda-
tion through interface foundation elements. TFor the first computer runm,
these elements were used to make the interface between the structure and

the foundation continucus. This allowed unrealistic tension to develop
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between the structure and the foundation. To correct this a second
ruit was to be made deleting interface elements that transferred such
tension. Also, the pressures due to headloss in ttese 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 equaticus with a bandwidth
of 812. During the first solution attempt, storage was exceeded while
writing to the scratch disc pack (four million-word capqcity) 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 minimization was attempted
manually, with the results being less thean optimum. Therefore, the
cfficiency 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 Qliver stress anslysis

problem with results as follows:

Before Aftér
pandwidth ' 812 717
Global matrix size, words 12,989,710 11,680,450
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The séiution time wi?h a minimized grid was estimated to be 11 hours on
the WES G-635 computer. Since the structure and foundation were linked
together at common 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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Finite element grid, top layer of elements with hidden lines
shown, monolith 5

Figure 68.
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Finite element grid, zone C (concrete) and zone D
(foundation), monolith 5

Figure 72.



Finite element grid, interface elements, zone D,

Figure 73.

foundation, monolith 5
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zone F, foundation, monolith 5

Figure 75. Finite element grid,
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Figure 76. Finite element grid,



PART IV: DLL.CUSSION, CONCLUSICNS, AND RECOMMENWDATICKS

Although thec exact time is not known, sometime after
corpletion of the stricture in 1939 small cracks appeared in the top
surfaces and faces of the lock walls., This cracking increased pro-
gressively and by 1947 had reached such serious proportions that a
special investigatioﬁ vas made to determine its cazuse., Results of
this investigation ircicated the primary cause of cracking and
disintegration was alikeli-silica reaction., The internal expansion
and external cracking resulting from this reaction appear to have
continued at a greatly diminiched rate during the ensuing years.

The petrograriiic examination of concrete core from »onolith
No. 5 shows evidence c¢f alkali-silica reaction the full depth of
this monolith, Similer results were obtazined on concrete from Mono-
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 «Zfects of the reaction appear to be concentrated
in the upper few feet of each core.

Length-change data for concrete from Monolith Neo, 5 stored
at 100 percent RH and 100 F show an increase with time and depth,
Similar results were cbtained for concrete from Monolith Neo, 16, to
a ninor degree. Howevecr, all of the deta indicate enocugh expsnsion
to show that the potential for expansion due to alkali-silica rezction
is still present in tlie concrete under these conditions of high

molsture and temperature, Similar data for cores stored at high
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moisture conditions and temperatures of approximately 70 F would
provide an interesting compzrison, since they would more nearly
simulate possible field conditions.,

A first imp;ession of the currént concrete cracking is not

7w, .. lock

unlike that of Prof. R. W, Carlson, who observed in 1948,
wall is so badly cracked thet the natural impression would be that it
4 .

is about to collapse.” However, as Prof. Carlson later .stated, ".l.. pulse
velocity tests tell a different sfory, and probably the true one,"
These results indicated practically sound coucrete for most of the
wall, with serious internal disintegration only near the top, and
Prof, Carlson concludéd that 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 pulse velocity
data obtained during the' period 1948-1976 indicated that, 'of the monpliths tested
only the concrete in Momolith Nos. 16 and 20 would be classified as
questionable. However, it should be noted that the same data indicate
"-the-concrete in these monoliths 1s not experiencing progressive
deterioration; in fact, the trend is for increased pulse velocities
since tests were initiated,

The iﬁtensity 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 £t of the m&noliths. A comparison
between surrent surface cracking and relative displacements of
adjacent monoliths and that present in 1948 indiceates tbat crack
patterns and widths and morolith displacements have; in general, not

undergone any dyrastic changes since the initial investigation.
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Results of tests to determine material properties correlate
generally with previous tests and other -phases of the current condition
survey, Of the 46 coucrete specimens tested, only three compressive
strengths less than 3300 psi were obtained. The ultrasonic pulse
velocity of the concrete cores generally increased with increased compressive
strength, aad all results wers in the wange (12,000-15,000 fps) of
generally good concrete, or batter, The compressive strength and pulse
velocity of the higher-alkali concrete generally increased with depth,
the compressive strength increasing with depth to approximately 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
¢oncern 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 6n this structure, it appears that the concrete, despite
extensive crackinz in some monoliths, is of generally good quality, 1In
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,
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than ﬁo 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-
quiring 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 removing
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, déSpite significant cracking in thé unrepaired
portion of the monolith (Fig. 78). The difficulty involved in arrest-
ing a propagating crack should be recognized; and the fact that the
repair has a minimum of cracking may be further evidence of chemical

reaction stabilization as much as 20 years ago.
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a. Before b. After (toyva.|ﬂ4"3

Fig. 77. Repair of Monolith No. 51.



Fig. 78, Portions of Monolith No. 51 repair
after approximately 20 years.
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TABLE 1
SONISCOPE TESTS

ROOF OF INSPECTION TUNNELS TO TOP OF LOCK

Path
Monolith Station Length, Pulse Velocity, fps
No. No. ft 1953 1954 1955 1957 1959 1963 1969 1975
15 (27)* 7.85 -- -- 13,285 13,820 13,920 14,375 13,870 14,405
16 (35) .- -- 12,020 12,095 12,135 12,210 12,150 12,745
(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
V

20 30-10V 4,42 bt *% 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
30-1.5v 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 12,775
30+1.5v 11,335 11,515 10,995 12,520 12,555 12,520 11,420 12,850

Y
21 5 14,880 14,850 14,305 14,635 14,445 14,585 14,540 14,985
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 Kok 15,300
L 324 l 14,570 14,545 14,360 14,260 14,310 14,595 ek 14,870
33H 14,335 15,010 14,870 14,760 14,730 14,815 *okk 15,210

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

%% No readings obtained at this station in 1953 and 1954,
+ Cracks up_to 1 in_wide werg pbserved in Monolith 20 in 1963,
*%% No readagle signal obtaine



TABLE 2
OLIVER LOCK AND DAM

CONCRETE CORE TESTS

Unconfined Modulus of
Monolith Spec. Approx. Pulse Compressive Elasticity* Poisson's

No. No. Depth, ft Velocity, fps Strength, psi psi x 106 Ratio
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 13,770 3970 2.31 .122

13,960 4820 2.34 . 144

5 1-B 16,5 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

4-3 24,5 14,755 5550 3.47 .169

: 14,726 5130 3.38 .158

5 1-C 42,5 14,711 4670 2.99 . 167
S 2-C 43.5 15,136 5930 4,98 - .,218

3-C 46.5 15,418 6580 4.790 250

4-C 47.0 15,441 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 13,408 2610 1.37 342

14,104 3820 2.06 .261

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



Table 3
Concrete Core Tests

Unconfined
Monolith Spec. Approx. Pulse Compressive

No. Ko, Depth, ft Velocity, fps Strength, psi
8 8-A 5.2 13,316 2580
8-B 6.3 12,820 2670
3-C 15.2 12,657 4080
8-D 16.2 12,900 3880

16 16-J 16.9 14,062 6760

l 16-K 17.9 14,062 5950
16-1L 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 5650
18-E 23.0 13,833 6310
18-F 25.5 14,062 5780
M 18-G 27.1 13,854 6380
68 68-A 6.1 13,945 6110
l 68-B 11.0 13,916 £030
68-C 16.9 14,583 9050
72 72-A 4.0 13,860 6340
¢ 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 14,527 7150
S-F 38.2 15,345 7410
S-G 44,9 14,583 7030
S-H 51.6 14,147 4560
S-1 56,6 13,833 5990
s-J - 59.6 14,062 5840
Y S-K €1.3 13,854 6380



Table 4

Triaxial Tests

Concrete and Foundation Cores

| Min Prin Max Prin Modulus of
Mono. Specimen Approx. Stress, U3 Stress, T Elasticitg, Poisson's
No. No. Depth, ft psi psi psi X 10 Ratio
Concrete

5 T~1 40.5 200 8080 5.39 227

-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 - 6 Poisson's
No. No. Qggth, ft Strength, psi Elasticity,* psi X10 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 4160 0.86 0.296
2-G 3760 0.66 0.311
3960 0.76 0.304

*Secant modulus of elasticity determined at 507% of ultimate stress.
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APPENDIX A

HISTORICAL DATA



Ristoricel Dete Pertedning to Goncrets
Picced in the Tuscoloosan Lock end Dem

Generel

ls he Tusesloosc Lock and Den is located oz the Farrior River st
Tuscalooss, Alebame, and wes constructed by the FRardawey Contracting Company
of Columbus, Georpgia, under Govermment Contract Koe W-56S-enpg. 1503, dated
- & Devember 1S33. The placing of ooncrete was ooxaenced 11 October 1537 and
- oampleted 15 Septerber 1859,

Cemert

2, All cexent wams furnished by the coentractor, epproximntely 80,000
barrels being secured from the Alphse Portland Cement Company, and the belance,
epproxinetely 120,000 barrels, from the Penn-Dixie Cement Compeny. All test:c
of the cemert wore made by the Pittsburgh Testing Leboratory, Birminghom, Ala-
bama, under & contract with the construction contractor.

S. The Government contract for the sonstruction of ¢hisg lock &nd deu
recuired that the cement "conform to Federol Specifivatioms 55-C-181, fer
tCexment; Portlend!, Oct. 14, 1930, with the following exceptions:

“"Compound Compesiticn: It zhell contain not more than 55 persent
Tri-Caleiun-Gilicate compound (SCel. 5i0z) nor more than & percent Tri-Celeiume
Aluminete compound (3Ca0. AlpOz), compubed from finiched cement enslysis in
acoordence with the method outlined by Re EZ. Bogue in Paper Ko. 81, Por*lann
Cement Associntion Fellowship, on Calculetion of the Campounds in Portlead
Cenent.”

4. Tects were mede in the bins at the mlll and e complete test wes
made of each 2,000 barrels of vement. BReports of sll tests made were furnithed
the Government and a certificats waes slss furnished for wll oars of cement de-
1ivered for use in thy loock and dam, giving the numbeyr of the bin from which
teker and the lsboratory test numbers and detes. All cement used complied
- fully with the specifications. ¥o High Early Strength Cement was used.

: 5. The oement wag deliversd to the site of the work in bulk. On ar-
rivel et the site the cement was discharged from the cers into a hopper from
vhich it was convseyed by screw conveyor to & bell conveyor which tremsported
3t to a sleel silo of 1,000 barrel capacity ioceted et the mixors, from widch
it pessed over batching scales to the rixsers. :

6+ Ths first ear of Alphe cement wes received at the eite 7 Qotover

© 1927 end the lest car 7 Yarch 1938. The first car ¢f Pean-Dixie Cement was
raceived 7 lierch 193€ end with the exception of the cement remazining in the
cilo end two cars of Alphe cement containing a totel of 873.7 barrels received
on 7 March 15358, Penn-Dixie cement was used in all concrete pleced after this
date.

‘Al



7« Alpha coment wac ueed in the following monoliths:
R P
~
Zntire Momoliths Los. 1,165,139, 10, 12, 13,416, 19, 20, £i, 22-24,
' 28, 82 1o 41 incl. end Bl.

Lower poi'tion ¢l Monoliths Nos. 3, €, 7, 11, 15, '17, it, 23, 24,
' EZ o 74 inel., 100 ‘bc 116 imcl., 153, 1564
end 1566.

Penn-Dixie cemsnt was used in all other monoliths or portim ef purnolithe.

Fine end Cosrse Agpregate

8. The fine and coarse agsrepabes used comsigted of matursl cend and
grevel and wut secured from the lontgomsry Grsvel Company, Montgorery, Alabama.
Ko admixture was used.

. Practicelly all of this agrregete wes taken from s pit located ap-
proximetely © miler west of Lantgomery For a short period it was aecessery
tc securc tome of the larr'er gigzes of the coarse aggreﬁate from crether pit
in the samne vicinidy, with a few ecars of ithis larger sggregate belin; secured
from Selma, Alabama. '

10. The primury pii consisted of an ertificisl leke neer thc cast bani
of the Alebama Rivere. All of the sand wes secured from this pit. The matorisl
wes teken from the pit by hydranlic dredpe without cutierhead and was discherped
onto vibrating screens located en the bank. The screening plant could be ag-
Justed to produce a very wide renpgoe of sizes and the meterials, bo:iz sand end
grevel, were thoroughly washed by high pressure jets while passins through the
sereen. Coorse sggregete wes loeded into the redlroad cers in twe ranses in
zsizes, gravel ranging in sige from No. 4 sieve to 1 2 maximum s&izec {3/4 inch)
being loaded into separsie cars froa gravel cver $/4 inch to maxinun sige
(.L-l/?. dnch). On arrivel st the site of the work, ‘bhe coarse a.g;::*a.to s
dumped from the bottom dump cears into two batching bine, cne bin :u. each
renge in size. From these bins it passed over batching sceles to o belt con-
vever wnich transported it to tlza batc"x hoppers at the Rixers. ;“ﬁ‘e WES no
teparation in the sigec ¢ send. On errivel at the site the sand =g dumned
ints two babtching bins end pessed from these tins to the batchin: hoppers ob
the mixers in the seme mumer end on the stae belt cmveyor &3 tho ":'avel.

11. 7o deternine whether the plt wue se.»:.s’actory s a sours: for the
aerregate the Goverment enpaged the Pittcburzh Testing Laborate:r:-, w-mir.\,...::;,
2lzbans, to examine the »it end t¢ weke tects of the materiels, Looaver ell
tests of the egrregete delivered for use in the work were made by <he Southern
Testire Leboratories, Biruinghemr, Alcbama, undor Goveranwent Contri.cc Ho. -
56S-enz. 1675, deted 9 September 1837. Sicve camlyses cf each cur of aggresate
werce node by Government employees. ,



~vostigeted axd resulted in io
- made at the site. Alter adi.:iments werc mads in the soreens tu produss thw

12, The first chipmest. of agrresste were reseeived at the sits during
the month of Bertenber 1837 -4 for o shori period the eleve enclyses for so-
ceptaros purpotss wers made .o the gite of the work, after which tue egmre-

.gates were anslysed and acco el et the pit with the meteriel being spol

checked et the tite. )

13. Concidercble diffi. ity was encountered in producing sand with the
required quartity of fineg, 14 some differances were found in the enelyscs
et the pit end the spot chez. anzlyses at the site. This was thoroughly ine
: enslyses for seceptence purposes being epedin

sand gredations reguived by une specilications, ed both the pit cnd the site
of the work, the sieve aneli:. ic for socerfence purposes wee pgain mads ot the
pit and spet chacksd &t the vlte.

14. 211 chemiecl and pivsieal test reports made by the Southern Testing
Laboratories an egeregete i ceted full compliance with the specifiesticne
with the very rere excepiinr of an cecetionel report showing Ficte II or riete
I-I1 for orgenic matisr in 1 send.

¥ixing Water

15, ¥ater uwsod in all -mecerebs mixes was fron tho waberweris svobenm
of the city of Tusecnleosz. .:s waber for sack batch of cwmerete wus weighed
on sozleg, for thet vurpogs, located at the mixers. Ths guantity of weter
added «t the mixer was the «:untity reguired for the mix less the quantity of
water in the agpregetc.

Conerets

1€, After mucrous mics: were designed the mix adopted for Clestc B
eoncrete consicted of 848 1lh.. cement, £48C 1lbs. amend, 1620 lbs. grevel Yo. £
ta §/4 incn, and 2862 1bs. rravel cver 3/4 inch to 1-1/2 inch, for & 2 oubic
yard batch, Thiz xix was uswd from the begiming of the comerste work to
23 Kovember 1837. A% this iiwe the botch wes changed from £ cubie yurds to
2.2 cutic yards, end censic::i of 831 lbs. cament, 2600 lbs. send, 13%0 lbs.
_gravel ¥o. £ tc 5/4 Snch, 500 lbs. gravel over 3/4 inch to 1-1/2 ineh, which
wee cortinusd until B Janusr 1938. At this time & series ¢f ezreriments wure
storted in en offort to &lizinate &ir pits which eppeared on thz fuses of 4the
concrete walls. Thess expo-- aents eonsisted prineirclly of ircreasing the
cargnt content emd wvarying wov ratic of the Hwo sines of comrse wgrreseto.
wed until ebout 19 Februmry 1858, ot which tine
£ wix consistirs of €51 lbo. cemert, R60U lbs. serd, 1740 1be. pruvel Ks. &
to §/4 ineh, snd $2<4 lbs. ;-uvel over /4 irch to i-1/2 inch wee edopted end
uvsed with 5lisht weristions . the ratic of the bwo gizes of coerse agoregaic
wn$il 1€ Hey 1808. After ois

. dete ell ef the Cless B concrets rexcinize %o
be placed wWes in the dom m. the mix used ooneisted of 645 1lbz, cement, S400
1bs. eond, 1760 1bs, gravel Dv. £ to 5/4 inch, 2682 lbs, grevel over 5/ inch
to 1-1/2 inoh for e 2 cubic —axrd boteh, with slight veriations iIn the conrsc
eprropese for contrsl purpoi o,

A3



17. TVery litile Class & concrete was roguired. Al1 coprescion tesis
using € Ineh by 12 inch cylinderc indicated compreseion strengths et 28 doymn
ligher Lhan the 3,000 pounds per sguero inch for Clezs B end &,400 pomade for

‘Clasgs 4 comerete roguired by the combrect.

18. 7Tho conersve was mixed in two 2 cubic yerd mimers ef the tiltirg
trre mnd was transported to the monoliths by cablewny, csblewny and whirler
~derriclz, and by belt conveyor and trem track ©0 whirier derrick which placed
4t in the form., The buckels wers the LEnweimex cylindricel, bottom dump, with
ceoacity ¢f 3 cublc yards. Dro-s2 '

19, After the oonerete wec dwrped from the buckets it wes vibrated with
spproved vibraterc to reduce the nile to the 24 inch meximm thickness of layer
required by the contract and to sscure thorcugh compaciicn. The vibrating was
eupslemented by hand speding adjecent to the forms.

20, Yhen concrebe wes pleecd with the amblent Teperature less 3L
dezrecs . the contructor wes reguired to heat the malerials Yo produce a
temperature of the copcrede, wher risced, of not lesc then 5O degrees F.

21. The depthc of the conorede lifte vuried from four feet to apprexi-
metely eirht foet with the depth between five end scven feet predominating.
There wus ro lizlt for the time interval betwsen the pouring of 1ifis exd in
& number of casas 1lifts were poured ou suscessive deys.

22, All comerctc was kept woit duriny the 14 day curing period reqguired
by the ocniruct by covering with veter and sprinkling by means of perforeted
pipe.

iseellensous

23« There wore no indications at eny time that the guality of the con-
crete a5 to stremgth end durebility was not edeguats. The only question aric-
ing reletive to the adeguecy of the mix wes in conuection with the feses of
the wall wiiich contained numercus smell elr pits and an occusional smell area
cf honegyommbe In en effert to ¢ iminate the air pits various changes were
wade in the concrete nix consisting primeipally in imcreesing the cement
content end changes in the ratioc of lergs cosrse aggregote to amell coarse
eggregata. ‘

24, Seversl years (the excct time ret imown) cfter the completion of
the structurs smoil crecks eppecred inm the top surfeccos end faccs f the lozis
well, end thiz erzelirs bos Inerscsed presrescively witil the present tinc.
Ths crucie did not regcl sericus properiions wuntil this year (1947) whea it
wes Ceciced that a eneciel Jnventipgaiion chould bs wmade to debtermdne its oauss
and ection necessory to provent Murther detesrloration.

Aveilohle Data

26. Tro following records reletive to the concrets rlaced in the Tueca-

oosa Loci: exd Tooy ere evwilatlc in the District COffice, lobile, Alebezu:

Joot
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~ Test reserts cn canent by the Pitisburgh Testing Luberuiory,
Pirmingham, Alebans.

Test ropords ox fing and cscrse egnregates by the Scuthorn Test~
ing Leboretories, o:.r::..nghc..., Alabam »

- Bieve gnelyses cf fine and eosrse agg;regate, Yy Govenzrcnt perscm-
nel and the Pittshurcgh Testing Laboratery.

Tebuleted record of cors of coement reseived giving cuiic rocsived,
number cf btarrels, bir from which shipped, and esnelyses for ench brand
¢f gexsnt.

ehuleted recard of esch dey's pcur of oconerete giving date, mange
1ith nuzber, mir, slunp, aud guantity plused. :

Concrete progress chart showing the number of each noncliih end
the date o2 whickh sach somerete lift wos poured. .

£6. Thars are atisched hereto prints of typlosl shsetu of the tabuleted
reccrds aud chart listed in the ebovwe paragresh,

Propered 17 November 1647
by 7. Fo Gatlin, Priveinsal fngineer
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) a A5 1 )Ember-1947

LTZJZ0T: Investigation ol Disirtegraticn cof the Concrete in . CO
Tusceloosa Lock and Dem

TROG: Soeré of Consulbents

IZLCRANDULL T0:  District ZInginecr
Corps of Engineers
iobile District

l. In accordance vwith previous errangen ts the undersigned
essembdled ot Tuscalocse on the moraning ol 24 lovex.o‘" end inspected
ths operzting gellery and all perts of the lock wells reedily visible
cy drevirgz down the water in the lock. It wes not possible to meke
en inspection of the darm, since water vwms flowing over the crest but

The voird was advised that when the cress of the dan wes umvatered
& short tire ego there vas no visible crockivsg on the crest or the
cevmetreen slope of the ogee.

24 AiTter & close inspection of ths varicus menoliths in the

1o wlls end & roview of the data presented for use &t this comw-
fergnce, it vias evident that the crackins irn monoliths built with
Llphe Fertlend cement from Birmingham is in & mors edvenced stage
thon i the monoliths puilt with Penn-Iiizie Fortlund cement, This
statenent holds rega-:dless of the position of the cement in the
renoliths in so far ag surface indiceticrs are concernsd, Until cores
heve bLesen drilled from some 0"" **m, mcr_"il._"'u 5 efZccted by the cracking
it will not bte possible to there is eny difference
between ths o cesemds T lwt's e To aep':h or extent of cracking in
the interior, cemenTs :

. There ere no indicotions on the cHruchure or in the data
furnished thet the workmanship or inspection wes in cuny way respousible
for the prasent condition of the locke =11 concrete surfeces, whether
horizorntel or vertical, give evidence ¢ well placed low slump concrete,

4, «s @ basis Tor determining thz cxtsnd of reveirs to the-
lock wulls thet should ve underteken &3 Shis time or in ‘ch necr future,

the following points were agreed upon aiter

i
& thorough discussion of
the various fectures involwved in pos sible repei

r viorks

a. iep all cracks in Blocks £, &, &, 20, 51, 54, 55 and 60
vy either pantogrephic methods or by protegriphic methods, merking ell

-

c*ac}'s '.':'»f"..h hnlk in surfaces %o bte protosrished so that the crecks will

’4

be Locate the center of &ll Zour lock-pzte pintels by inter-

seetlon Iron reedily eccessible pormonsnt momments €0 &8 to be thle
e metsure ell future moversnts Gue o “cnncreiure chenges in the con
erebe of e ponoliths or o further eircnsive or c’ ing thet nay U&ke



place in the lock-gate blocks, All surveyin; <one in conzecticn with
pintel intersection location should be accormpli : )
end sun-up so as to avoid errors Gue O TErp

istic
mevp. Terperature records and weathor condition »hO"ld &«lso eccompeny

this work.

Ce lieke & crack width measurement survey of the top of the
lock vzlls by photosraphic methods using & tripod To support the camers
at & fixed disscnce zhove the top of the lock wulls, A stecl scele should
be pleced ecross the crack oa the cenber line of the camersz. The locaticn
of the center line of the cumera for «ll such pictures shoulld be suitehly
merked so thet et any future time dupliczte photog ) . +olken =nd
the verietion in the crack width be determined oy
shovld be sccompan i ed by switable mecsurements of
repetition of

lock wzlls co thet in the Tuture &
similor temperature condlulon will g' re ¢ reasonavle
expensive crowth of the concrete Curiry the 1ntcrven1ng

de Drill two 6" dismond drill ho
of’ 3lock o, 80 in the crecked area construc
The geptn o' each hole cheuld be cufiicient -

uncraclzsd cores, each 168" in length,

ee Drill a 6" diamoud drill hole &% location selected for

the initial 36" calyx hole in Gate Floclt § and iollow the crllllxg

of +this 6" core with the drillin; o the 36" core to El, 4+ The
picces or the 36" core should be assembdled in sequence Odghceqt to
the lock vmll, A complete photographic record i the entire surface
~of the 36" calyx hole should be ovteined and sulitcile prints made and
transmitted to the members of the board &s scon s practicablm and
pricr to the next bozrd m &Betlnb if possible. Cracls in the hole should
be ouvtlincd vith chelk and orientation ol gete block idicated so that
cracitinng can be evelwted reletive to possivle eflect on stuoility of
gete block, I the cracking in Zlock 5 is &s deep szated as apreers
fron the surfeace, it is proposed To recommend thut this block ve

a3

reinrorced, the design of any necessary reinforciug to be determined

=0
af'ter a cereful enginecring study of the plens by which this wus
constructed and the information provided by &n inspection of the 36"

core nhole, anéd further discussion of this persiculor Hlock ot the
nexrs 30grd meeting.

n

e Careful conciders v of
wmterproofing the tep of +the 1o ce of
redis vttor into the craclked arsa of
vietrrproofing did net appecr pr e
tourd, it wus decided To nositnon +o
waborpreofing wtil the Januveryr

Lo Store all 8" ecorc retoin
at the cite ol the work wntil ciser the Jonuary mecting,



-

he It is recommend:zd thot the Conercte Dessirch Divisic

of the “watervays IZxmpsriment <hation Lc aut‘vwrized to mule such
studies oi cement, sond, growol cnd comcrets cpecimens frowm this

leck as is necessary to determine the ssuce of the cracking cnd dis-
integration of the concrete in the lock walls Iy is also reccumended

thet o fewr 68" cores be drillsc in the ogee c,r*-gt o’ the dum to deternine

whether there is any evidencs of the same type ol crackirg in the croest
thet is tuking place in the lock wells, Due to more or less constent
emperature, cracking in the crest may be in evidence under The micre-
scope but not sufficiently aivernced to ve recognized by the naked eyc,
i. In Elock E1 cut the eye beums free from contacs with the

lcose dlock of coacreche et e uvpstream corncr and tie this loose block
ck into solid concrete with reinforcement bers suitably embedded in

ba
the block wnd into the solid concrete,

Je It is recommended that an éxtensive crack swvey of all
blocks in the leclk, except c:= ro ed hercing, should be pos cponvd
for further consideration during the second meeting of the Boerd in
Jenvary, AL+ this time it is proposed to pive careful consideration
to & complete survey of all “locks znd all cracks, Sy thet tine,
or ghortly thercalter, minirim fempzrature wnd maximum opening of
the cracks for the winter szcson will be in eflect,

5, The conference cc"'. :n‘::r.¢ at 5:00 7.0, on 25 Movember with
the understonding thot the e » would be colled by iir,
Cztlin as soon &s the 36" . 5loclz 5 was coprowimately
corpleted, The tentative caefte fer this meeting was sugzested for
the week of 12 Jonvary 1942,

6. The Boord of Consultonts s as

el
in the discussions by ilr, Ivtn L. Tyler, Po
-
v

cted in the i:spection and
r+tlend Cement i.szociation,
hic-wao, TIilinois
_ lire Cs U4 .Olsen, - FPortland Ceren: lLssocietbion,
Ch1 &go, Illinois
lr, Clifford, Reed, Jr., South Atlentic Division
Lr, Zryent isther, Concrete Ressarch Division,

Vieterways Experiment Station
(81G:TD) He Ko CUOK
Fo e GUTLIT
J. Co EPRLCTE

- -r O T v

Ze e STLTIL, Choirmean
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ADORLSS REPLY TO: ' > >

. CHIEF OF ENGINEERS

WAR DEPARTMENT

WASHING TON 25, D. C. WAR DEPARTMENT
ENER OFFICE OF THE CHIEF OF ENGINEERS
RCFERYOFUENO. . WASHINGTON 25, D, C.

18 March 1948

SUBJECT: Investiration of Disintegration of the Concrete Walle in Tuscaloosa
' Lock and Dam

f‘ROH: Bozrd of Cmsult_ants

03 The District Enginser
Corps of Engineers
MOBIIE, ALABAMA

1. The undersigned in accordance with the agreement made during the
meeting at Tuscaloosa in November, assembled for a second meeting on the
worning of 13 January and spent the following two days in inspecting the
results of core drilling operations and in discussing further investigations
end the necessity for repair werk.

2. Aftsr a careful inspection of the 36" calyx core and the calyx
hole, there does not appesr to be any necessity for immediate repairs to
rmonolith #5, which is the upstream lock gate monolith on the land side of
the lock and is the gate monolith that is the most efi‘ectad by surface
cracking.

3. Although the cracking in monolith #5 is not &s serious as it
appeared from surface indications before the 36" hole was drilled, it is
believed that the internsgl growth in the concrets will continue and that
the cracking will be progressive. Hence & thorough system of checks on
gete pintle center line movements in eny direction should be developed and
periodic measurements made by the Tuscaloosa Operations Forces.

L. It4s believed that with the completion of the 6" hols in monolith
3, the cores now availeble are sufficient for the investigations to be con-
ducted at Clinton end at Mariswont Laboratories. ’

5. In view of the probabls continued growth of comcrete and develop-
ment of cracks it is believed that the District should evaluate briefly the
cracking on all monoliths as of today for use in comperison of crack develop=-
rent in later years.

6. In view of the non-appearance of sny type of cracking in the 36¢
hole or of any indication that siructural cracks might develop bescause of
the 36" hole, it is believed that it would be desirable to leave this calyx
hole open for future observation end that it should be suitably covered with
a door that can be readily opened for inspection et anytims.

7. Further consideration was given to the possibility of water-proof-
ing the top of the ldck fevaJJ.s. iffer a thorough discussion it was concluded

Ci
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cLtr te DE Kob fm OCh gtd 18 Mar L8, sub: "Investigatn.«)a of Disintegration of -
the Concrete Walls in Tusczloosg Lock and Daxm® (Conttd)
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t any such utte'"pt would serve no useful purpose and mldAprevant the
oppcrtunity of futwre observation of crack development.

8. In 2ddition to the monoliths mentioned in the Board!s report dated
Decenber 15, it has been decided to add Konocliths 1, 12 and the lower portion
of 7 to ths monoliths selected for detailed photographs. The structural
cracks, as well as the pattern cracking in monoclith #1 are of particular
interest and may be worth waitching and masuring if concrete growth during
the coming warm weather is as accelerated in ﬁxe summer season as it appeared
to be during the summer of 194L7. ‘

9. After a thorough discussion of a system of recarding moiolith condi-
tions of cracking, it was cecided to lezve this de‘tail to ¥r. Gatlin towork
out at the sits,

10. Duve to the importance of the work load at Clinton, the studies to
be made by the CED will not teke priority over any pending investigation on
which ccntract work depends and hence a report by Clinton on the laborztory
studies . Tuscaloosa cores will probably not be issuved for several months.

11. It is the understanding of the Bozrd that the CRD will make a v-enort
to the Board after its studies are completed and that the Board will submit a
report to the District Enginger relative Lo the causes of the cracking some—
time later this year, preferably after the effect of hot weather and moisture
during the coming summer eeason are in evidence.

12, The following were present part of the tim during the inspectlon
and discussions

¥ri Ivan L. Tyler, Poriland Cement Association ‘
Chicago, Illinois

¥r. C. C. Olsen, Portland Cerent Assoclation

Chicago, Illinois . R
4 Z ! y-/(_, CWL

. K, COCK

F. F. GATLIK
J. C. SPRAGUE

B. V. STERIE, Chairmen
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Disintegretion of Concrete from

Tuscaloosa Lock and Dam

1. Correspondence from the Division Engineer, South Atlantic Division,
deted 27 October 1947, subjects "Tuscaloosa Lock and Dap" stated that the
concrete in the lockwalls of the Tusceloosa Lock and Dam had been inspected
and that portions of it had been found to be in an advenced stage of dis-
integration. This letter also announced the decision to appoint a Board
to study and report on the condition of the cohcreté and to0 recommend
remedial measures,

26 Correspondence from the District Engineer, Mobile District, dated
17 November 1947, forwarded copies of "Historical Data", "Cement Data",
"Combined Concrete Record", and"Concrete Progress Chart." These data record
that the fuscaloosa Lock and Dam was constructed between 11 October 1937 and
15 September 1939; that the cement used consisted of 90,000 bbl. from thé
Alpha Portland Cement Co, and 120,000 bbl. from the Penn-Dixie Cement Co,;
that the cement was reguired to conform to Federal Specifications SS-C-191
except that it should cbntain not more than 55 per cent tricalcium silicate
and not more than 8 per cent tricalcium aluminate; that the sctual calcu-
lated tricalcium aluminate content ranged from 7.42 to 6.33 per cent and
averaged 6,39 for the Alpha Cement, ranged from 6,96 to 6.50 and averaged
6,70 for the Penn~Dixie Cement; that the mixing water came from the
Tuscaloosa éity water supply; and the aggregates consisted principally of
natural sand and gravel from the Montgomery GraveIFCo. pit located approxi-
mately 9 miles west of lontgomery, 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 AlphaVCement At Birmiﬁgh;m, Alabema,

Se The meeting of the Board held at Tusceloosa, Ala, on 24-25
Novermber 1947 developed the following points as recorded in its report
dated 15 December 1947:

&, Cracking is more advenced in monoliths built with Alpha
cementthen in those built with Penn-Dixie,
~be Cores should be drilled from the etructure,
cs A crack survey should be made,

4, The meeting of the Board on 13-~15 January 1948 developed the

following points as recorded in its report dated 18 March 1948s

8, The cracking in Monolith #5 is not as serious es it eppeared
from surfece indications but it is believed that the internal growth of
the concrete will continue and that the crecking will be progressive,

be The studies‘td be conducted by the Concrete Research Division
of the Waterways Experiment Stetion should not take priority over pending
investigations for‘other projects.

é. Correspondence from the District Engineer,vMobile District, deted
12 February 1948, subject: "In§estigation of Disintegration of the Concrete
in Tuscaloosa Lock end Dam" requested that this office conduct tests to
determine the cause of the cracking and disintegration of the concrete in
the lock walls, |

6« In eccordence with arrangements made between the Office, Chief of
Engineers and the Portiand Cement Association tests were conducted on 16€-19
June 1948 using the wave velocity apperetus owned by the Association %o
deternine the velocity charecteristics of the concrete in monolith 5. In

accordance with & 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 celculations based on wave velocity., The results of thése tests
are given in a leter section of this report.

7. In accordanée with the request contained in the correspondence
referred to in par., 5 ubove, this office undertook a prograem of investi-
getion involving petrographic and other studies of the concrete specimens
teken from the lock wall and shipped to th;s laboratory in accordence with
correspondence from the Resident Engineer, Tuscaloésa, £la,, dated 4
February 1948, The results of the petrographic study are set forfh in
summary and are detailed on the attached LW form 557 and inclosures
thereto. The results of the other studies are given below,

8. Strength and Elastic Properties. Samples of 4 3/4éinindiameter

cores extracted from various monoliths of Tuscaloosa Lock and'Dam were
received 4 Februery 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, 4All cores contained the same aggregates, and all except those
from Yonolith 3 from depths less than 10 ft contained the same cement. 41l
sectionsof 4 3/4-in. core of lengfhs greater than 10 in. were tested for
dynemic modulus of elasticity, in an as-réceivechndition. This was done
by averaging the lengths determined at several points of the end surfaces
for each core, determining the resonant fundamental flexural frequencies,
and computing the moduli, Following this, six representative cores vere
teken, and the ends sawed plane on & diamond cut-off wheel, Fundamental
flexurel and torsional frequencies were detercmined on these cores, Koduli

of elasticity 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 gare given in Table 1, This teble gives also the average
lengths, weights, and flexural frequencies of these corec,

Table 2 shows the moduli of elastieity and rigidity, lengths,
weights, and fundamental flexural and torsional frequencies, for the six
selected cores, The table alsé gives Poisson's ratio for these cores,

The results given in Tebles 1 and 2 are the best that have been
obtained. The flexural frequencies and moduli of elaéticity are believed
to be fairly accurate in most oases but due to the averaging of lengths
on all cores, and the existence of crecking (visually determined) in
several, the moduli of elasticity should be considered merely indicative
of the state of the concrets, and not exact, In addition internal cracking
is qﬁite proﬁable in several of the cores tested, which would lead to
less precise readings of flexurel f{requencies,

Compressive strength and modulus of elasticity (static) were
determined on nine sections of core. These data are given in Table 3,

9. Weve Veldcity: The wave velocity tests referred to in paragraph

6 ebove provided additional data on the strength and elastic properties of
the concrete. These tests were conducted with an apparetus consisting
egsentially of a pulse repetition oscillator, a transmitter, a timing

wave circuit connected to &n oscilloscope, and suitable amplifiers. Data
were developed from these tests from which values for Young's modulus were
calculated, The most interesting results were obtuined from tests on
monolith 5 at various depths from & ft to 35 £t in the 36-in, dismeter
celyx 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 was found. The
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velocities correspond to values of Young's modulus of from approximately
57 to approximately 5.8 x 106, The individual values are tabulated below:

Data on lkonolith 5, Tuscaloosa
Lock and Dam

Depth Young's MNodulus
feet Velocity x 10~6 psi
(a) (v)
5.0 12,200 369 345
8.5 13,890 5.3 4,7
12,0 14,390 5.8 5.2
16,0 14,610 640 5,3
20.0 14,890 6.1 5.4
25,0 14,910 5.8 5.2
29,0 14,810 6.1 5.4
33,0 14,930 642 5.5
35,0 15,110 6.2 5.5

(a) Computed as & massive structure
(v) Computed as a slab

All the data developsed from these tests ere given in Table 4,

10, These datz are discussed by Prof. R. W, Carlson in a memorandum
entitled "Wave Velocity Apparatus and its Place in Non-Destructive Testing
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 netural im-
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 & depth of 35 feet below
the top, to 12,200 a% a depth of 5 feet. The change was systematic and
gradual, 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 wave velocity indicate that much more

could have been learned had eerlier measurements bheen made for reference. L

-

Small differences in wave velocity can be measured reliebly."™

11, Volume Changes Three 6-in, diameter cores were drilled in the ;
Concrete Research Division leboratory from the top of the 36-in, celyx l
section fram 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 en exposure period of
1 yeer indicate a progressive expansion for a relatively short period of

time followed by equilibrium as shown below:

M¥aximum
Expension, Length of Exposwre
Specimen at one year to reach maximum, .
No, Exposure per cent days
1 Over water + 0,08 ' 11 days
2 In water + 0,06 80 days
3 Over water + 0.06 80 days

12, Agpregate: Pertinent data on the aggregete present in the concre¥
are given in the ettached petrographic report. The information contained
therein may be compared with that given in the petrogrephic report forwarded
by this office to the South Atlentic Division Laboratory with correspondence
dated 1 June 1948, subject: "Reports of Tests on Aggregates, Tennessee = |
Tombigbee Project", covering a sample of gravel from the Roquemore Gravel
Co., Montgomery, Ala, This semple was examined in the sizes from 1 in, to
No, 4 and had more than 50 per cent quartz in ell sizes smaller than 1 in.
end 46 per cent quartz in the fraction retained on 1 in. Chert was present
as follows: 39 per cent on 1 in., 31 per cent on 3/4 in., 35 per cent

on 1/2 in., 22 per cent on 3/8 in., and 36 per cent on No. 4, The remainder

pb



of the sample consists of quartzite, sendstone, and granite, Chalcedony
was found in one or two of the chert perticles; most -of the particles
which were powdered and examined were found to contein no material with
an index of refraction lower than that of quertze Physical tests on sand
and gravel samples from the Rogﬁemore deposit are summerized belov:

Bulk specific grevity, saturated
surface dry: sand = 2,65, gravel = 2,62

Absorption, per cent: send = 0.4, gravel = 0,7

. Percentage of particles lighter than 2,40
after 5 hr boiling: gravel = 2,1

Loss after 5 cycles of magnesium sulfate
- soundness test, per cent: sand = 4,7, gravel = 4,0

Linear coefficient of thermesl expansion of
send morter x 106 per deg F = 7.4

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

13, Chemical Datas Results of the quick chemical test for reactivity

of aggregates sempled from the concrete are given in the attached petro-
graphic report. Information supplied from the Geological Survey of Alabama
by Stewart J. Lloyd, Assistant State Geologist, states that an analyeis.
of & sample of water from the Warrior River ebove Tuscaloosa, Alabema,
showed & sulfate content of 10 parts per million of the SO4 radical. This
is not regarded as an excessive amount since it is reported that the city
weter supoly of Birminghem, Ala, on analysis in 1932 showed 61 ppm of 504,
Two samples of the gel reaction product from the Tuscaloosa lock
wall concrete were subjected to chemicel analysis, Serple lio, 1 consisted
of nmaterial scraped from the wall of the 3t6-in. core hole in Monolith 5

on 16-19 June 1948, Semple ¥e., 2 ves collected from pockets in 5 3/4-in,
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cores from holes 20-1 and 60-1 after the concrete had dried in leboratery
air, The results of these &¢nelyses are as followss
Per Cent

Sample  Sample
No. 1 Lo, 2

Hoisture loss at 105 C 34.6 9.81

Composition calculated on dry weight:

8i0; - 49,82 61.73
Cal 21l.11 12.28
41502 1.18 2,17
Fep0z 0.81 0.47
50z 0.16 0.00
Insoluble 5.58 8.1

Ignition loss - 14,84

Calculated calciwm
sulfoalunminate 0.47 = 0.0

14, Conclusionss It is concluded thaut the disintegration end creck-
ing hes been ceuwsed, at least primarily, by deléterious chemical reaction
between the alkelies in the cement and unsisble silica irn the aggregate.

A study of aggregete psrticles from the concrete has revealed that epproxie
matuly 70 per cent of the chert pebbles consist, at least in part, of the
reterial lmovm as "chalcedony", which conteine opal. Chalcedeny is known
to be one of the materiels which 1s cepeble of participeting in a deleter-
ious chemicel reaction in concrete., The étudy of the aggregate has not
revealed the presence of any other constituent which is regarded as caponble

of participeting in such a reaction,.
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The study of the concrete specimens has confirmed the indications
developed from the exemination of the structure and the physicel tests of
the cencrete both on specimens and in the structure, that the crackﬁhg is
largely confined to near surface zones &and is more pronounced in those
portions of the ctructure in which it is reported that Alphs cement was
usede Although specific dete on the élkali contents of the cements used
in this project are not eveileble, it ie regarded as probable that the Alpha
cement contained & larger percentage of alkalies than did the Penn-Lixie,
The microscope exemiration of the concrete specimens revesls, however, that
gel, which is the cheracteristic product of the chemical reaction, is
present in all of the concrete specimens exemined withut regaerd %o tho
brand of cerment used or the depth in the structure,

The concrete is charﬁcterized not only by the presexnce of the gel
referred to above, but also by the presence of deposits of crystals of cale-
cium sulfoaluminate, Calcium sulfoalumineate is the normal product of the
reection of the gypsum which is interground with the cement for the purpose
of controlling time of set end the calcium eluminate in the cement, In
normal, non-deteriorated concrete the calcium sulfoaluminate is widely
dietributed in the cement peste and does not appear as deposits of crysisls,
Concrete which hes suffered detericration from any cause whatcoever fre-
quently exhibits crystelline deposits of this material, Unless it ctn be
shown +thet additionel sulfate hes been provided from an externel source
for further reaction with the aluminete portion of the cement, such depocits
do not indicate that the concrete containing them hes undergone any deteri-
oration due to sulfate ettack. In the case of the Tuscaloosa concrete,

since the aveilable inforretion does not indicute &n additionsl source cf
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sulfate, and since the evidence of detericration due to alkali-chalcedony
-~ reaction is thoroughly established, it is not regarded as likely that

there wes a significent sulfate-attack factor involved in this occurrencés
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TABIE 1 (Concluded)

Modulus of Elasticity -

Specimen Depth E x 10-6 psi
60“5 000 - 6.9 Sec't 1 2.60
E0=3 0.0 = 6,9 Sect 2 (Part 1) 2,75
60=3 0.0 - 6.9 Sect 3 4.11
Average ‘ 3415
£0~4 0.0 ~ 4,8 Sect 1 1,90
60=4 4,3 - 8.2 Sect 2 (Fart 1) 0.99
60-4 4,8 = 8,2 Sect 2 (Part 2) 1,03
Lyversage 1,36
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. DETEZINATION OF POISSON'S RATIO COF CCRES FR(MX TUSCALOOSA LOCK & DAM

——_

TABLE 2

Yono~ Section Fundemental Moduli x \Poissoz;Té'

lith and  Depth Length TWeight Frequencies cps 10-6 psi

Tio. Core Ko, (ft.) (in.) (1b.) Flexural Torsiomel E G Ratio

31} s 148 14  21.6 2790 3050 5,8 1.6  0.775

5 5-1 13,5-18,9 13% 20,1 2510 3100 3.8 1.5  0.275
(Upper)

5(2) 5-1 13.5-18,9 10% 16,8 3450 4150 3.8 1.8 0,600
(kiddle)

20 20-1 6.9- 9.4 103 16.5 3450 3750 3.6 1.4  0.249
(Lower)

60 60-1 4,8-10.2 13%F  20.2 2320 2900 3,3 1.3  0.244

: (Irmer)

60 60~4 4.8- 8,2 14 21.2 2310 3030 3.9 1.6 0,233
(Outer)

(1) Core #3 - Poisson's ratio is high, Torsional frequency is high, and

(2)

True Torcional meximum mey be masked by flexural maximum,

Cere #5-1{l!iddle) - Torsional frequency is high,

to have internal cracking,

This section believed



T.DLE 3
Conmpressive Strength and Static Modulus

TUSCALO0SS LOCK alD DAM

Core Tests (4.75" Diemeter Cores)

Core Yo, Hole Yo, Depth Fte Compr. Str, pei ¥od, Elast, pei
Con-1 (1) 3=1 11,8-13,7 6850 4,640,000
Con~l (2) 3-1 442w 6.5 7040 6,7€2,000
Con-2 5-1 15,0~23.0 5140 4,520,000
Con~3 20-1 37 848 4265 2,024,000
Con-4 60-1 4.8« 7,0 3520 2,180,000
Con-5 (1) 60-2 O- 4.8 2575 1,242,000
- Con=5 (2) 60-2 © 448-10.2 3785 2,710, 000
Con=€ '60—3 0= 649 2890 . 1,360,000
Con=7 60-4 0= 4.8 . 3005 1,940,000
Kotes All cores showed white deposits. Very few deposits
in 60-2 (4.8-10.2) and in 3-1 (11,6-13.7)
6=ine Diameter Core Drilled from
26-in, Cocre, Lowsr Secticn
Con=8 (1) 5200 2,685,000
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TABLE 4

WAVE VELOCITIZE IN TUSCLLOCSA LOCK

(Datu Provided by Porilend Cement Association)

Date, lonolith & :
1948 Test Number Location of Test fiave Velocity
6/17 5=1 35' below top of 36" core hole to lock wall 15,110
5-2 33' 1 n n t it A " n ] 143 93
Se3 291t n i n on i u Ll n " 14.’ 810
Sk 251 n " noun n f " n " 14’910
5_5 201 " " t " " u t i) " 14 s 390
5«5 16! 1 1" noon " 4] " " A 14,610
57 12t 1] 1 n " n " n " ” 14 . z00
5"8 8.5' " 1® " " " 1] " 4] i 13,890
5_9 5 1 U] " 1t 1 " " " tt n 12 R 200
8/18 6=1V» 46,6' from D.S. Joint, 5' 5. of lock wall 14,100
62V 18' from D. S, Joint 14,100
6-3V 3% from D, S, Joint 13,109
s/19 6-1+¢3H#*  43,6' from D. S, Joint 14,820
6-1+6H 40.6' " " " 14,620
6-2H i7,7¢ " I 14,300
6-3H 3 ] " it 1u’500
6-AS Tnese tests made on surface of monolith slong 12,000
K-S line 1.5' from D.S. Joint. Transmitter 7,240
6-35 wes held against S, face of monolith, 3" below 12,250
surface. Receiver held at points along line 7,110
6-CS 31, 6', 9', 12! and 15' from S. edge, {Second 12,€70
velocity is that of the Rayleigh Wave,) 7,430
6=DS 12,830
7,370
6~ES 12,340
7,250
6/16 T=4V 3! from U.S. Joint 13,520
7-5V 22.65' from D.S. Joint 14,%60
7=-5V 8' from D. S. Joint 14,100
6/18 T-4H 3! from U.S. Joint 13,960
7-5H 22.65' from D.S. Joint 14,620
7-8E 8! from D.S. Joint 14,620
6/16 8=B+4Vexx 13,05' from D.S. Joint 11,880
6/18 8-7H 8.4' from U.S. Joint 14,200
8~8H 17,05% from D.S. Joint 13,9380
8~9H 3' from D,S. Joint 15,300
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Dete,

Konolith &
1948 Test Number location of Test nave Velocity,
6/18 9~108 3' from U.S. Joint 13,960
g~114 Cen%er of Monolith 9 13,960
9-12H 3' from D.S. Joint 135,330
6/18 10-13H 3! from U.S. Joint 13,330
10-14H Center of lonolith 10 12,780 |
10-15H 3' from D.S. Joint 13,330
6/18 11-16H 31 from U.S. Joint 14,200 .
11-17H Center of Monolith 11 14,200
11-18H 3t from D.S. Joint 13,960
11-174E¢** 6" below 11-17H 14,200
6/19 11-16V 3! from U.S. Joint 14,180
11-17V Center of lonolith 11 14,060
11-18V 3' from D.S. Joint No signsl
6/19 12-19H 3' from U.S. Joint . 13,330
12-20H Center of Monolith 12 13,050
12211 3! from D.S. Joint 13,640
6/19 13-22H 3' from U.S. Joint 15,000
13-23H Center of Monolith 13 13,960
15-24H 3! from D.S. Joint 13,960
8/19 14-25H 3! from U.S. Joint 13,960
14-26H Center of konolith 14 13,640
14-27H 3' from D.S. Joint 13,960
6/19 20-28H 28,5' from D.S. Joint, 9' below top of ifonolith 13,890
20-29H 18,5t " " v 13,890
20-30H 31 oo " 14,700
(a1l H shots in 20 made to S. face of monolith)
2020V 3t from D.S. Joint 12,880
20-~30-3V gr " " 12,160
20=30-1.5V  4.5' from D.S, Joint 12,330
20-30+1.5V 1,5' " " " 12,880
20-30-10V 13! " " " 11,850
6/19 60-34 3% from D.S, Joint, center 8th 1lift from top 13,030
60-35 3' from D.S. Joint, " " 14,000
60~36 3' from U,S. Joint, 12,930
60=37 3t from U,S, Joint, 13,870
60-31H 3" from U.S. Joint, 3.25' below tumnel roof 13,050
60-32H 17,75t from U.S. Joint, 3,25' below tunnel roof . 13,050
60=-351 3' from D.So Joint, 3.25' below tunnel roof 13,050
60=31V 3t " U.s. " 12,860
60=32V 17,75' from U.S. Joint 12,860
60=33V 3% from D.S. Joint 12,960
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* - Letter "V" denotes shot made in vertical direction from tumnel roof,
Unless otherwise noted, all "V' chots made over £ of tunnei.

#x¥ - Letter "H" denotes shot made in horizontal direction from tunnel wall
to lock wall, tUrless otherwise noted, all "H" chots made 4.3' above
floor level of tunnel,

*** « This was the only location in Monolith 8 et which a vertical shot wus
. successfully ettempted,

*¥*x = Routine shots in lionolith 11 were in 3rd lift from top. Ehot 11-174iH
wes in 4th 1lift from top,
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SERIAL NO: SOURCE:
MOB=~4¢ CON-1 through .
CON-Q Tusceloose. Lock

l, Sampless The samples conel:i of cores extracted from the subject
structure aescribed as followss:

CFD Ser. No, Diareter, Approximate
M0E-4 in, Hole K. No, of Boxes Length, ft.
CON-1 43/4 3=l 2 1C.5
2 4 3/4 5-1 6 38.7
3 4 3/8 20-1 2 840
4 4 3/4 60-1 2 8.8
5 4 3/4 - 60-2 2 9.1
6 4 3/4 602 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 identificatic:: of each hole is the monolith number.,
A1l of the semples were received at ihis office by truck from Tuscelcosa on
4 Februery 1948, All of the samples received were taken from vertical holes
except those from monolith 60 which viere taken horizontally., All of the
cores received contain the same aggre:ates, and all contain Alpha cement
except those from hole 3-1 from depth: less then 10,0 f4,

2. Sumary, Petrographic exeminztion has been mede of a total of seven
4 3/4-in, end two 36-in. dismeter ccres from monoliths 3, 5, 20, and 60 of
Tusceloosa Lock, Tuscaloosa, Ala, £1il of the cores contain visible crecks of
various widths in the upper or surfecc sections; some of them contain wide
weathered cracks, All of the cores, regardless of brand of cement, contzin
deposits of gel in voids, cracks, ar? eggregete particles in all sectiocus, re-
gardlesg of depth from the upper or cuter surface of the structure, All of
the cores also contain calcium sulforiuminate in all sections, However, the
widest freeh cracks are coated with ;:l and the adjoining peste is sozked with
gel, In all of the concrete, there ic more gel than there is sulfoesluminate;
more voids are filled with gel than v:Ith sulfoaluminate, OSulfoalunineie is
mos% developed in the most highly le:zched and cracked concrete. It is *here-
fore believed that the gel produced Ly elkali-epgzregate rescticn is the major
cauce of the cracking of the upper &nd outer portions of the cores,

Chelcedonic chert is the cxly constituent found in the coarse cr f{ine
aggregate which is knovm to be capetle of deleteriocus resction with the miner
alkalies of portlend cement., OSuch ciert is & much more importent constituent
of the coarse aggregate than of the Iine aggregate, Based on counts of over

O particles on sawed surfaces of the 4 3/4-in, cores 42 per cent of the

e
—
0
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COl-9 1949

total coerse aggregate is chert and 58 per cent consists of other types,
principally highly metemorphic quertzite end vein quartz, The fine aggre-
gete is principally quartz, with feldspar and some chert, Determinations of
€8 chert pebbles close to gel pockets showed thet 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 cotrse eggregate, Assuzing that 50 to 70 per
cent of the total chert is chelcedonic, the percentage of chalcedony in the
cozrse aggregate would emount to 21 to 30, The average of 40 determinations
of index of refrection of the chalcedony particles is 1.,5365. Using this
velus &nd eesuming chalcedonies of varying opal content, the opal content
of the coarse eggregate is estimated as 1 to 5 per cent. Further confir-
mation of the hypothesis that the chelcedonic chert is the reactive con-
stituent is found in the preferential essociation of gel with chert rather
than with any other of the types of aggregate. :

While cracks end gel ere most developed in the upper and outer
sections cof the cere, all sections of eall cores contain gel, and gel grew
on the core surfaces after they were drilled and stered in a damp condition.
The late gel grew more abundantly on the middle and lower sections of the
cores, This fact suggests that while reaction in the structure had only
gone fer enough to crack the concrete near the surfacs, all the necescary
ingredients for reaction are present in the deeper concrete and that the
production of gel in this concrets is accelerated when & source of moisture
is provided. As an example of the speed with which reaction can develop,
under favorable conditions, a thin section blank from cors 5«1, section
7.5 = 9.0 ft, was ground smooth and exposed to leboratory air (warm, humid)
for about 36 hr. ¥When the blank wes examined, it was found that three gel
pockets and one chtlcedony particle on the ground surfece had taken up
water from the air and swelled up perceptibly above the general level of
. -the ground surfece. The concrete containing Alphs cement shows more signs
of resction then thet conteining Penn~Dixie cement, but the concrete con-
taining Penn-Dixie does contain cracks in the upper section end gel
throughout the core,

10 Incils
l. Detailed Petrography
2 = 4, Tables 1 « 3
5. Fig. 1
6. = 10, Photographs 1 = 6§
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Detailed Petrography

l, Test Procedure. The two 36-in, cores were inspected and the seven
4 3/4~in, cores were examined megascopically and logged for the presence of
gel and cracks, and for general condition and appearance, Selected sections
of each core were examined on the drilled swrface using & stereoscopic
microscope, 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
nieroscope. Megascopic counts were mede 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 chalcedony was determined, Meny seamples 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 concrets 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, The composition of the aggregate,
the condition of the concrete, the relation of gel and chert, and the types
of exudates and deposits found in the concrete are discussed in paragraphs
3 through 6.

3. Composition of Aggregatse,

a, Coarse Ageregats, Identification of the coarse aggregats
particles intersected by sewed surfaces (table 2) indicates that ebout 40
per cent of the coarse aggregate is chert, and 60 per cent consists of
other types of material, principally vein quartz, quartzite and sandstone,
with very small quantities of granitic gneiss, end ochre or limonite,
Sixty-eight chert particles which were associated with gel pockets were
exemined 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. 1); the everage of
the 40 indices is 1.,5365 with en observed range from 1,5240 to 1.,5420,
Since the chert particles were deliberately selected from those which had
adjoining gel pockets, it is believed that the calculated percentage of
chalcedonic chert, 71, is & maximun, If it is essumed that from &0 to 70
per cent of the chert is chalcedonic, the chalcedony content of the coarse
eggregate is calculeted as 19 to 30 per cent, Using the determined average
value of the index of refraction of the chalcedony, and curves given by
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Dcnnay,(l) the opal content of the chalcedony can be estimated as between
5.5 end 17.5 per cent, and the cpal content of the totel coarse aggregete as
between 1 and § per cent,

The silica solubility and reduction in elkelinity was determined
on & composite sample taken from particles determired as chelcedony., Dupli-
cate tests gave Sg = 477 and Ry = 46, So/Rec = 10.4.

be Fire Apgregete, The fine eggregate is natural send corposed
principally of quartez, with some feldspar end a small amount of other min-
erels, &nd chert which is particulerly comspicuous in lerger sizes, Accords
ing to informetion provided by the Mobile District, difficulty wes encountered
in producing send with the required eamount of fines., The emount of fine sand
in the mortar was reletively srcll, and consequently there are larger sreas
of cement paste in the morter then there usually are in the mortar of concrete
made with sand greded in accordence with the current Guide Specifications,.

4, Condition of the Cores, All of the drilled surfaces showed white
films or mounds of gel, on sreas of mortar end on chert coarse aggregete,
but rot on coarse aggregate of other types. Frequently the gel entirely
inclosed seawdust particles; mounds of gel rose up as much &g 1/8 in, sbove
ths core surfeace ?Photograph lz). These two facts make it plain that the
deposition took place after the cores were drilled. All of the drilled
surfaces cut eir pockets and underside voids containing white or clear
exudates with outer surfaces continuous with those of the edjacent paste end
mertar, and accordingly older than the drilling of the core, A number of
the drilled surfaces show cracks visible to the naked eye. A few show such
cracks filled or partly filled vith exudete. (Photogreph 1b)e The smoother
-surfaces produced by sawing with a diemond-edged blade reveal more cracks
than eppear on the outside of the core, When the concrete was broken open
and the surfaces of the largest cracks examined, the surfaces were found to
be covered with dessicated gel, which filled the crack and saturated the
adjoining mortar. Some of the drilled surfaces intersect empty pebble
sockets where poorly-bonded eggregate wus lost during drilling. Some of
the surfeces intersect coarse eggregate particles conteining cracks visible
to the naked eye. Most of the cracked perticles are chert; a few &re guert-
gite or sendstone, Cores from holes 3-1, 20-1, 60-1, 60-2, 60-3 appear
fairly dense and free of large voids on the drilled and sawed surfaces, In
those cores the concrete near the outside of the structure appears generally
more dense then the concrete in the interior, The core from hole 60~4 is
noticeably less dense than those mentioned above, Core from hole 5-1 is
fairly dense to & depth of 7.5 %, conteins numerous large irreguler voids
from 7.5 to 13 ft, is conspicucusly honeycombed eround 13 +to 14 ft (Photo-

raph 2); from 14 to 39,6 ft it conttins many spherical to irreguler voids
%PhotOgraph 3). In all of the concrete, megescopic voids are more common

(I)Donnay, J.,D H., La blrefrlﬂgence de forme dans la calcedoxne, Annales
de la Societe Geologicue de Belge, pp 289-302, 1936.
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near coerse aggregate particles than awaey from them (Photographs 1b through 3).
Many of the pebbles have relatively narrow but extensive underside voids,

5. Reletion of Chert and Gel Pockets, The gel which grew on the cores
&fter they were stored in sewdust wes located on chert particles or on moriur,
not on other varieties of coarse eggregate, The gel intersected by the sawed
surfaces adjoined coearse eggregate of all the types present, or occupied
cracks or voids in the mortar, A&Although particles of all the types of cozrse
aggregate could be found with sdjacent gel, gel within coarse eggregéete vuc
confined almost entirely to chert pebbles, The exceptions were found in
highly fractured quertzite pebbles, The association of gel with chert sppeared
to be more common than the asscciation of gel with any of the other types of
coaurse aggregate (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 aggregate particles
with and without essociated gel, and the number of gel pockets or linings
with no visible associetion with a course aggregate particle (Teble 3). On
57 sawed surfaces counted, 57 per cent of the toial coarse aggregate belongzed
to other varieties than chert, of tnat percentage 53 per cent did not have
esgociated gol and 4 per cent haed essociated gel; 41 per cent was chert, of
which 36 per cent did not have and 5 had associated gel. The total number
of megascopic gel pockets was £80, of which 110 were apperently iscleted,

281 edjoined chert and 1839 adjoined other types of coerse aggregate., These
figures leave out of account the possible connections in depth of the appor-
ently isolated pockets. It is possible to calculate whether the observed
distribution of gel pockets with respect to chalcedony and other types of
aggregate is & random ome, or whether the distribution indicates an asscci-
ation between gol and chelcedony greater than that likely tc erise by chanca.(l)
Those calculations were mede for the totals of all the surfaces counted, The
probebility that the associstion found would occcur by chance is less then 1

in 1000,

Table 3 also indicates that the percentage of gel pockets in cors
3-1, containing Penn-Dixie cemesnt, is lower than it is in any of the cores
containing Alpha cement,

6. Exudates and Deposits in the Concrete, Examination of drilled,
sawed, end broken surfaces of the concrete shows that geveral types of de-
pocits are present in voids and cracks and on aggregate particles,

a, Gsl, The exudates on the core surfeces which sre later then
the drilling of the cores are white to trenslucent bluish, leminated, cften
show shrinkege cracks, and are brittle when they are dry. The semples exam-
ined in immersion media were isotropic gels of lower indices and with fewer

(1)34 A, Fisher, Stutistical Methods for Research VWorkers, G, E. Stechert,
1946, pp 85-99,
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crystalline inclusionsthen the gels which grew in the structure, 7Two varieties
of gel differing in &ppeerance eare found in pockets and lining crecks. One is
clear to trenslucent, rubbery to brittle, and usually forms the outer shell cf
the lining if two verieties are present in one veid, The other is white, opec
dull, rubbery to powdery to brittle, end usually forms the inner core if both
varieties are precent in one veoid, Two exemples were found where the trenslu-
cent gel occupied the interior and the optgue gel the perirhery of the filling
Under the petrographic microscope, three giructural verieties were feound, Cne
veriety was enisotreopic, with eggregete polerireticn, low birefringence, end
wevy extinoction of the type develcped inm streaired glass, The second variety
under crosced nichols had a very fire-grained "pepper-end-selt" eppeerance
recembling chert or fine-grained calecium hydroxide; it was interpreted eas
inclusions of minute crystels of calcium hydrcxide in gels Soxe of the gel
vith the pepper-and-salt inclusions also contains irregular or rhombic inclue
sions of caloium certonate, Calcium cerbonate is the only inclusion in scme
of the gel semples, The third variety was clear, isciropic, and usually
contained fewer inclusions than the other typee, Exemples of all three types
vere found in the seme pocket in some cases. The indices of refracticn of

all three verieties ranged; the renge observed in the salt-and-pepper type vas
1,478 to 1.511; in the t:rpe shewing egpregate polerizetion from 1,480 to 1,5C2.
Isotropic gel latsr then the drilling of the ccres hed indices from 1,465 to
1,487, 41l of the veriations found suggest that gels of differing compositicz
ey form within a reletively smell volume of concrete with changing conditicne
and at different times, There are many voids which were entirely filled with
gel, or which evidently were once entirely filled but the £illirg shrank,.
However, moc%t of the void space in the ccncrete is stilil empty, even in aresac
close to gel-filled cracks., MNeny voids contain no gel, or a thin partisl
lining of clear brittle gel., Gel was fourd in &ll sections of all the ccres,
regardless of type of cement or distence from the outer surfece of the structe
-ure, The most-abundant gel, end the greatest amount of gel-permezted and
gel-vhitened peste is found neer crecks in the upper or outer sections, In
the longest core, 5-1, gel and crecking decreese frem top to botionm in the
core, but gel is precent in the bottom section.

b. Calciux Cerbenete, Cerbtonaticn of the cement pasts adjoining
crecks was found in thin sectiong from depths up 4o 20 feet from the exiericr.
A emall emount of carbonation was found in cne thin seotion froem core 5-1,
depth about 39 feet. It is believed thet this cerbvonaticn tock place after
the core was drilled. The amount &nd extent of carbenation did nct eppesr
to be unusual, and is not regerded as significant except that it indicates
that concrets as deep as 20 feet was acceccible to air,

ce Celeciuvm Sulfoeluminate, Celciux sulfoeluminste was found in
voids in every section of every core, regardless of distance from the surface
of the structure., It was most abundant in each ceore near the outer or upper
swfaco of the structurc., In the top section of 3-1, which was represented
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by a series of chunks aznd fragments, sulfosluminats wus very abundant in voids
&nd in pebble sockets. In the cracked outer section of €60-3, ebout 8 in. frez
the surfaces, mzte, rosettes, and spherulites of sulfoaluminate filled voids,
lined pebble cockete, &nd coated sand grains., With increasing depths, the
sulfoaluminets was lcund in tufts, rosettes, end linings in the voids, but

not as linings cf pebble socksts,

de Cgzleiuwn Hydroxide, Core 5«2 {rom depths 38.4 tc 4(,2 ft con-
tained well-docveloped tufts end rosettes of sulfonluminets in veids, In sons
of the voids, the sulfoaluminete was mssociated with clear colorless plates
of calcium hydroxide, The calcium hydroxide is lece abundant than the sulfoc-
&luminate, but is not uncommon., This is the first example of calcium hydro-
xide in crystsls in veids found in field concreie examined by this office,
Since accessible calcium hydroxide is feirly easily converted to caleium
carbonate by noderately dry air containing carbon dioxide(l) the cignificarce
of the calciw: hydroxide crystals in voids may bte interpreted &s follows:
A%t some pericd in its history, the concrete contained enough circulating
8olutions to leach some of hydroxide from the paste and redeposis it as
crystals in voids. The crystals persisted because the concrets never dried
out enough to permit the crystals to be exposed to reletively dry air
containing CO2,

(l)F. M. Lee and C. E. Desch, The Chemistry of Cement and Concrete, London,
1935, pe. 328.
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Condition of 4 3/4-in. cores from Tuscaloosa Lock (MOB-4 CON-1 tﬁrough CON-7)

9zd

Monolith j Gel
énd Hole | Visible Bxuded on In Pockets
Number '] Coment Cracks Drillsd Surfaces jand Craclas Sulfoaluminatn
3.1  Ponn-Dixise Yos Yes Yes Yo
Alph& NO 1] 3} "
5-1 Alpha ‘a) Yes Yes Yes
20-~1 Alpha Yes Yes Yos Yes
60-1, Alpha Yes Yes Yes A Tes
2,3,4,

(a) Cracks visible in sections from 0.0 to 7.5 £t in depth only.
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- -Tedble 2. .-

A i Comporitiorn of Coarse Aggrepgete in Tuscelooed Lock,
' as Datermined by Counts of FParticles Intersected
on Sewed Surfaces

cnolith Sewed
eni Hole Surfaces Number of Coarse Aggrepzte Farticles, %(&)

ko. ‘ Counted : Chert(b) - Other(d)

3-1 4 41 o 59

5.1 33 424 . S8

20-1 9 42 ~5§

£C-1 3 37 - €3 :

g0a2 3 38 ; 62

80-2 2 32 - 68

$0-2 z 42 .58

Average of 11 : o . ~ o
corag(d) C - e , .-_42 o ,;1 58

v

Y

. {&) Celculated 25 & percentage of the totel number of coarse eggregets
erticles intergected cn the sawed surface, ‘ o -
(n) Chert Csrorxined by megascopic exeniusticn, without eny distinction >
rede between chert consisting of quartz and chert consisting of

chalcedony. :
(c) The ccerse agzregate constituents other thsn chert ere quartz,

guarizite, sandstone, with & few perticies of grenitic gneiss,
(@) Arithrmetic averages, based or & totel of 5518 coarse aggregate

perticles,




Tablo 3

Distribution of Gel Pockots on Sawod Surfacas of
Conorets Crom Tuscaloosa Lack

: N\m-.h?x_fé“fxﬁmrf\oc:.*;o(f"c;n Swwod Surfucos, as ler cont T
Monollth , Coarsa Agprepsta Not Course Agpropate Associated Inclated

. and laole . hpsociated wilh (el *ith Gel . Gol v

Numbhnr ' » Chisit Other Chort uthar Pockets -
3-1 Y T 5 2 _ 1
5-1 s  f osEl B 2 1
20.1 o g ‘fi i é§ '-; s | s s

60-1 | Com 57 4 | R ; 2
50-2 | . 32 55 b 5 3
60-3 | IR € B 9 13 13
60~1 S Y ST 4
Average, all 7 cores - 36 03 .‘3.S 4 2
Numerical totnls 2032 3016 281 188 110
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NUMBER OF PARTICLES

S

O - N W H o N O® O

TOTAL NUMBER EXAMWINED = 40

i AVERAGE = {,5365
{ OBSERVED RANGE = 1.3240 - {.5420
i
—t S RO R GO S S R —_
1= 2 O I I
!
L g —4-—~v!
% |
— —1 ] 2 5 4
9 i !
s i <
; i
¢ I R
] A 1 A
1.52401,5260 - 1.5315 1.5345 1.5370 1.5400|1.5420
. . . . 1.5415

i

o |
INDEX OF REFRACTION

FIG. 1 - DISTRIBUTION OF CHALCEDONIC CHERT COARSE AGGREGATE
PARTICLES SELECTED FROM CONCRETE FROM TUSCALOOSA LOCK,
WITH RESPECT TO INDEX OF REFRACTION

N '.--';..'. H
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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-I1, 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



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-I1, 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 5-1 FROM TUSCALOOSA LOCK



< i
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SAWED SURFACE OF CORE CUT LONGITUDINALLY. THE DIRECTION OF PLACEMENT IS TOWARD THE TOP OF THE PHOTOGRAPH. A-A INDICATES
THE ENDS OF A CRACK SYSTEM WHICH 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 CHERT PEBBLES INDICATED BY ARROWS (2 THROUGH 7) SHOW THE WIDE CRACKS COMMON IN CHERT
PARTICLES IN THIS CONCRETE. IN PEBBLE 2 THE GEL FILLING OF PARTS OF THE CRACK SYSTEM CAN BE SEEN AT THE LEFT AND RIGHT.
G INDICATES GEL POCKETS.

CORE FROM TUSCALOOSA LOCK, HOLE 5-1, DEPTHS 1.5-2.0 FT.



PART OF AREA SHOWN IN PHOTOGRAPH |, X 3.4. ARROWS AT MARGIN MARK ENDS OF CRACK. ,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 I,2,3.

CORE FROM TUSCALOOSA LOCK, HOLE 5-1, DEPTHS 1.5 - 2.0 FT.



CORPS OF ENGINEERS, )S ARMY’

C..NCRETE RESEARCH
R RX IR
P00V ¢ PETROGRAPHIC DIVISION

WATERWA‘gs:rAngOPr\EJRIMENT RE PORT P. 0. BOX 217 6078
CLINTON, MISSISSIPPI

SYMBOL.: PROJECT: DATE REPORT. INITIALS:

MOB-4 6078 Tuscelooss. SUBMITTED: 39 oot 49 | K1 /e

SERIAL NO: SOURCE:

¥0B-4 CON=2 Tuscaeloosa Lock and Dem

1, Referemce is made to the petrogrephic report included in
"pisintegration of Concrete from Tuscaloosa Lock and Dam". The last
paragraph of the swmary mentions e thin section blank from the 7.5 -

9.0 £t section of core 5-1, This blanic wes impregnated with resin,
ground smooth, and exposed to warm humid air for about 36 hr, During this
exposure, three gel pockets and one chelcedony particle on the ground
surface tock up weter from the air and swelled. Photograph 1 is a photo-
greph of the specimen at a ma.gmﬁoa.t:.o*x of 4x, teken about 23 August
1949,

2. About 24 August 1949 the blanl: was stored in a closed coantainer
over weter, and left until 17 October 1949, It was then re-examined and
photograph 2 was made at the same magnification.

3e Certain comments on the repid end obvicus development of the
reection-products in this specimen suggest themselves, In the first place,
the specimen has been hested well above 100 F (probably to 200 F et leact)
in the process of impregnating it with resine During thet heating, &
more abrupt thermal change took place in it than it had ever undergone
before. The cement paste lost some waler which it would not have lost in
leborstory storage at ambient temperatures. Probably the thermal shock
and partial dehydretion suddenly opened up the genersl structure end
particularly the mortar-coarse sggregats boundaries to a degres wmususl
in conorete undergoing mild weathering. Thus the specimen mey have been
rendered unusually susceptible to & later addition of moisture., In the
second place, while the resin apparently did not thoroughly penetrate the
interior, it formsd a coating around all the surfaces including that fronm
which it was later removed by grindirge. A1l the manifestations of ectivity
are probably therefore concentrated on the cne ground surface.

4, The comments in 3 above are mrde beczuse other pieces of
Tuscaloosa concrete have been stored in the same closed container asince
July 1948 without developing any visible changes except fairly minor
increases in gel deposits. Therefore it im not believed or suggested ths.t
deterioration of the concrete in Tuscclooss lock may be expected to pro-
ceed at the rapid rate suggested by the two photographs and dates. It is-
believed that the photographs do tend to confirm the suspicion that the
reactive potential in the conorete has not been exhausted.

2 Inols
l, 2o Photographs 1, 2

D41
LMW  FORM NO 5887



THIN SECTION BLANK IMPREGNATED WITH RESIN, GROUND, EXPOSED TO WARM HUMID AIR
FOR ABOUT 36 HRS. MAGNIFICATION 4X, PHOTOGRARHED ABOUT 23 AUGUST 1949. TWO
LARGE GEL POCKETS (UPPER RIGHT AND UPPER CENTER) HAD TAKEN UP MOISTURE AND
SWELLED. THE CHALCEDONIC PEBBLE (LOWER LEFT CENTER) HAD TAKEN UP MOISTURE,
AND THERE WAS A WET SPOT ON A SAND GRAIN AT THE LOWER LEFT.

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
1949 AND |8 OCTOBER 1949. THE GEL POCKETS SHOWN IN THE PREVIOUS PHOTOGRAPH HAVE
ENLARGED; MANY MORE HAVE APPEARED; CRACKS WHICH WERE NOT OBVIOUS BEFORE ARE
NOW TRACED IN REACTION PRODUCT.

THIN SECTION BLANK, CORE 5-I, 7.5-9.0 FT SECTION,
TUSCALOOSA LOCK.



APPENDIX E

BOARD OF CONSULTANTS REPORT
OCTOBER 1949



SUBJECT: Imvestigeiion of Disintegration of the Concrete in fusculoosa lock
and Dam '

702 The Distri~t Engineer
Kobile Li:riricet
Corps of :i.zineers
HOBILE, /l..BLKA

FRO} 2 The Board of Consultents

The underc’ mmed coxvened on the morning of October 24th in «ecorcerce
with previous arrer:ements anc reviewed the field date sssembled by the Lotile
District eince the .est Boerd keeting, inepected the condition of cracking in
the lock wells, anc ciscussed the elkeli-sgererate problem invelved in this ené
similer structures. |

FILLD L./ SECURED SIRCE THE VENTIRG OF THE BOLED

There is stteci«d hereto & typed tebuletion of elevetions of selected
points on the lock ralls teaken at cifferent dates between Jenuery 1548 end
September 1648, e crawing showing an outline of the upper end of the lock weallf
ip plan with & tebu_stion showing horirortal distencec meesured btetween rmrked
points on the %ops ¢ various monolithe teken between Jenuary 1648 end Scpberbd
1949. Comparison o' meximum, cinimun, end everepe cifferences in megsurererts
both between the £:-ing of 164€ end the Spring of 1949 end the Fall of 1648 end
the Fall of 1949, ¢:2 the oversll differences betweén Jenusry 1548 end Septemb?
1649 indicetes thet rrowth has continued st varying rates with the maximun hord
gontal distence bevcen certein points of 028 feet. Henmy points show only e
gifference of 0,00 ft. It is therefore concluded that internal expension end
external cracking ere¢ continuing throughout the verious monoliths of the lock
walls, elthouch et &« uecreaszng rate as campered to the Calender Year 1547 and
probably 1546,

Cereful exerin-tion of Lomolith Ko. 5, including en inspection of the 36"
hole sdjacent to t.¢ pintle beering, did not indicete emny preat chenge in the
ocondition of thic rounolith sinoe the lest meeting of the Boerd, although it is
stated that the pinitle has moved e cistence of 015 feet. There is sone cvie
of cisgplacement in connection with the opereting mechanism for the gate in
Yonolith loe 5, tut et this time tho displecerexnt iz nol sulTicient to ceuse
any concern other t.en to emphesize the desirmbility of keeplng treck of esuch
indicetione for po:sible future corrcetion if the L.splacene 1t should contizué
to increcse. The crocking in Konolith Loe £1 has increeseG epprecistly cince
the lect meeting et it hee been neceesary to discorntinue use of the mooring
bit loceted at the upstreem end of this monolith. Creoldng in the top of hond
1ith Ko« 20 hes eprurrently increaced somewhst since the leet inspection. le-
flection towerd ti:c lock of the top of ionmolith lMo. 74, and elso in o cownetreé

El



direction frex Yonolith Mo. 73, eppeared to heve inereesed since the last in-
tpection but o rouph check of previous deta indiceted that the increase, if
eny, was of r.inor emount &nd probstly in line with increesed eracking in
generel only.

An interesting observetion wae made on lionoliths Nes. 70, 71, 72, 73 and
7é. ¥onoliths 71 end 73 ebove the water surfece ere made of Penn-lixie cerent
8x¢ craeking in these momoliths is reletively negligible, especislly on the 45°
bevel ox the river side of the lock wall. In contrast to this apparent leck of
-deflection, :zttern cracking on the beveled portion of the river side of the
lock wall ir :onoliths 70, 72 and 74 is very noticeable and the top of these
xonoliths heve geflected towerd the lock en appreeimble mnount, verying from
the order of 1/2" to the crder of 13" in Konolith 74, It seems evident that
the interns] ;rowtheeespparently ceused by the higher alkeli content~--of the
{lpha cemert in the beveled portion of lionoliths 70, 72 and 74 hes beer res-
pouneible for this tipping ection.

LEBOLATXHY DATA PREPAEID BY W.L.S.

There :: sttechked e copy of the report entitled "Iisintegration of Con-
Crete from ‘u:sceloosa Lock und Iam" dated 25 August 1849, The purpose of the
studies anc tests concucted by the Concrete Research Livision was to cefinitely
determine, if poesible, the ceuse of the extensive cracking in Tueceloosa Lock.
The principel concluelon of the Concrete Keseurch Division is thet “Chelcedonic
Chert is thc only conetituent fownd in the cosrse or {ine sggregate which is
known to be c:pable of deleterivus recction with the rinor alkelis of FPortland
Oement, Sucl. chert is & more important constituent of the coerse epgregete then
of the fine wgrregete." In the lest peregraph of the summery it is noted that
“While reaction in tue structure had only gone fer enough to crack the concrete
Bear the suriace, ell the neceesery ingredients for reaction ere present in
the deeper ceucrete and thet the production of gel in this concrete is ac-
Celeruted w..cn & source of moisture is provided.® In the closing sentence in
thig sumakry, the following is noted: "The concrete cortaining Alpha cement
thows rore :::ns of reaction than thet conteined by Femm=iixie cement, but the
Concrete corisining Pemm-lixie does contein cracks in the upper section and gel
throughout tic core." It is believed thet the Clinton leboratory report is
Sufficientl; exhaustive to serve the purpose of this investigetion and that eny
further invectigetionsl work in cornrection with the cores esveilsble shoulc be
done as & jeri of the general progran of investigetions of mlkeliesgrregate re-
2ction beirn: conductec by the Concrete Research Livigion under (VI Test Koe. €03

FUILRE PoCTLl’ OF IMWVLCSTIGATIONS

It wet crreed 'by ell merbers of the Board that eny further investigetion
of elreliesn: -regate reaction in connection with Tuscaloosa Lock wee not necese
Bury insofz: us the maintenance erc operetion of the lock for f{uture use is
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concerned, but sll concurred in t7. desirebility of semieannuel zmcasurements to
be tuken in Seytembder end Lpril ¢l each veer for the purpose of checizing the lo-
cetion of all four rpintle bearing: as well &s other prominent pointes on tep ¢f
the lock well that ere being watcisds It weae elso concluded that it would be
desirable to check the horizontel cietence across the lock between pintle beare

ings as & contiruing check on ery ossible movement of the pintles in e lociceward

direotions It woulcd eppear thet eny movement thet would be detrimentel to the
peinteranece and operstion of the lock in the future would have to be towerd the
lock. It is elso suggested thaet & cloese check on the opersting wmechenisn in
¥onolith Fos 5 be reinteined. Fron observation durirs the inspection on the
24th it would eppesar that incdiestions of the stem guide reiestive to deflection,
either in & horizoptal or e verticzl direction, and the distence between the
gulide end the roller, es meesurec bty feeler gauge et defimite points, nisht be
a8 setisfectory en indicetion of rrovth enc movement zs any plece such reecures
ments could be made on the opereting mechinery,

¥r. Tyler sucgeested that they would be interested in meking wave velocity
peasurements &t the poipts previcusly meesured in June 194E whenever they were

in this territory fer the purpose of meking weve velocity meesurements on other

gtructures. It was the unanimout opinion of the boerd thet F.(.i. should be
encouregec to cortinue wave velocity uwescurenents previously race at least
wuntil such time that the Clinton Isboretory hus evailable wave velocity aprar-
etus of its own for keeping treck of growth end meovement in certein structures
such as Tuscalocoss Lock.

PLINTT €L NCD AYT: REPAILS

It was the unerimous opiniorn of all present at this meeting thet due to

continued internel growth end exturnal shrinksge, even though et & slower rate, .

it is highly izpracticeble to mebe eny extensive repairs et this time, or
probebly at any time in the sours: of the next yeer or two. Unless Tusceloose
lock concrete performe differenti; then other etructures similerly affected,
growth will ocontinue for un undetermined period snd until it ceases it would nob
~eppear desirable to rake extensive repeire except to specific poirts that regulf
sore meintensrce, as in the case of Lonolith Ko. 61 where the coucrete arouncd i
mooring blt has elreecy deteriorecied to such &n extert s to meke it danperous
to uee, It therefore eppears thet something must be done to recondition the
upper part of ksrolith ko. 51 anc put the mooring bit back into usesble concitid
For this purpose end for the purpcse of obteining sore datsa on poseible future
repeirs for the top of the loeck vwell mopolitus tist wre extensively crecked, tF.
Bocrd recomuencs tihnt the concreic in the top of Yonolith No. 51 be removec and |
& reinforced concrete cap block ceet on top oi this monolithe Tne extent of
the concrete to be removed can be determined orly efter its excevstion is s berbe’
It is believed thet some reinforcing will be necessary to prevent immeciete -
cracking cue to growth of the concrete under the cep eand it is sugpested thet
leinch or le=l/8-inch squere bers «t epproximetely li-inch centers both weye bo
imbecded ebout O inches below the surfece of the new concrete cap blocks The
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srall cosy of Lic reinforcing shouid provide en excellent Illusiretion of wiet
cen be wecomplicos < in this respect and wiwther it will be degireble in future
-Tepeiry to use rolrrorciny, steel, '

ke further s+riings of the board sre under consideretion et this time.
It is essumed tio . when concitions cevelop that would necessitzbte iurther cone
Eideration by t:¢ roard, the rovile Listrict will eall such & meeting.

in invitetic: wee ertended to the Portlend Cement Lssocletion %o be present
% thie reeting .0 Fre Ivan L. Pyler, Peneger of Tield Resesarci, was present
throughout the i.::i€ction ané later discussions.

He Ko COOX

Je Co SPRAGUE

Lttsched s

1., rebuletior ci elevations of
selectea :~ints on lock wells.

¢+ Drawing &soving outline of upper
end of lov: wells in plen with e
tebulatic: snowing horizontel dis-
tances b veon merked points on
tope of v rious romolithe.

3. Keport "LI: ntegratiorn cf Cloncrete
from Tusc. lovosa Loeck urd Lex” ditd
28 Augurn L0549,
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SZEEEWZ§SEE§;23§;thUSAE Petrographic Report Concrete Laboratory
Station P. 0, Box 631
Vicksburg, Mississipgi/J
Project Condition Survey and Stress Analysis, Date 20 December 1976
Oliver Lock and Dam ADB A

Background

1. The structure was built between 1937 and 1939 as Tuscaloosa Lock and
Dam. It was later named Oliver Lock and Dagm. 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. Field Data
MOB-4 CON-15 (concrete) One core consisting of approxi-
and MOB-4 DC-1 (rock) mately 63 ft of concrete and

28 ft of foundation rock from
monolith 5 (land wall). It
was located at Sta 0+01.5B
and 27.5 ft from the chamber
wall.

MOB-4 CON-16 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.

Test procedure

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 2

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 immediately resealed.

o

WES FORM No.
Rev Feb 1970 '3 F1



5. Petrographic samples were taken from the following portions of the
cores. '

Sample . Monolith Depth 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_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 rglative 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 temperature conditions is to determine if any
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 uged along with X-ray diffraction
to assist in characterization of the 14A clay mineral in the shale.
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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 quartzite of about 1-1/2-in. maximum size; the fine
aggregate was natural sand. There were scattered small areas of honey-
-comb due to poor consolidation. According to information on the Black
Warrior, Warrior, and Tombigbee Rivers Concrete Progress Chart,” the
cement in all of both cores should be the higher alkali Alpha brand.

e. The foundation xock in the lower 28 ft of the 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, 10YR 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 alkali-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 pajtern of this gel showed spacings similar to
those listed for other gel but no specific identification was made.
The spacings are shown below:

Spacing, Z Relative Intensity

10.5 Med ium

8.8 Weak

6.6 Very weak

5.6 Very weak

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.

F4



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 um with some particles up to 250 by
250 um. 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. There is a thin layer (0.4 ft) of coal at a depth of about 80 ft
in the core from monolith 5.

Recommendations

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,

Oliver Lock and Dam

Approximate

Length-Change at Ages Shown Below, 7% (a)(b)

Monolith  Specimen | Depth, ft 7-day 1lé4-day 21-day 28-day 56-day B84-day 271-day
5 3 4 0.058 0.115 0.130 0.188 0.231 0.246 (e)
4 31 0.066 0.085 0.123 0.132 0.132 - 0.142 0.160
5 60 0.140 0.218 0.249 0.249 0.280 0.312 (c)
16 . 1 1 0.062 0.072 0.062 0.103 0.145 0.176 0.280
2 25 0.034 0.079 0.079 0.102 0.135

N

0.090

0.113

(a) All values are positive.

(b) Values in Reference 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.
expansions when measurements were stopped at 1 year.

(¢) Not determined.

The specimens did not show additional

-4

[



Lo8 of 4-in.-Diameter Core No. MOB-4 CON-15 (Concrete) and MOB-4 DC-1 (Rock) from
lliver Lock and Dam Monolith 5% (Land Wall)

\

l40

'L, ft  Depth,

0

Finished surface

01d break
01d break

01d break
01d break

New break

0ld break

New break

New break

Fiepure-l
*5

End box 1 Box indicates depth is 6.5 ft

Location: Sta 0 + 01.5B
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. Evidencej
of reaction decreases with

depth.

No lift contacts are evident.

P - Petrographic sample
AL - Length-change sample

Gel is evident on the new
breaks ’ :

Vertical scale:
0.2 in. =1 ft
No horizontal scale.

*Note: The first 63.1 ft is
concrete (MOB-4 CON-15).

The rest is foundation rock
(MOB-4 DC-1).
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Log of MOB-4 CON-15 (Continued)

Depth,
8

10

12

14

16

-t -
i '

~ ._.;_ ———

= ,.%A_-
P

JESQ P AU, SR
Lo

P S,
P

o
| !

e

o epae SR Y

i
i
1
1
—————— o e

B

01d break

0l1d break

01d break

New break

New break

New break

New break

01d break

End box 2

Fa

§
i
{
:
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Log o

f MOB-4 CON-15 (Continued)

[

Depth,
24

26

28

30

32

S
—

- c T

New Break

New break

New break

New break

New break

End box 4

Partial honeycomb

New break

New break

F11
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log of MOB-4 CON-15 (Continued)
\‘__.g

Depth,
32

34

36

38

40

New break

New break

New break

New break

New break

Loose rock

Loose rock

New break

New break

New break

01d4? break

End box 5

About 12 in. of honeycomb

End box 6

F12
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Log of MOB-4 CON-15 (Continued)

Depth, ft
40

New break
42 S iy £

New break

New break

L7/ R R

New break
46 ... ...

48

New break:

Piece from 39.7 to 41.2 ft
was sealed in wax. Not
opened.

Piece from 42 to 43.7 ft
was sealed in wax. Not
opened.

Poor consolidation for an
inch or two.

End box 7

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
48

- t 1

50 4

52

54

New break

New break

New break

New break

New break
New break

New break

New break

New break

New break

New break

New break

F14

Fnd box 8

01ld vertical crack between
53.3 and 54.3
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‘Log of MOB~4 CON-15 and of MOB-4 DC-1 (Continued)

- 58

60

62

64

New break

New break

New break

New break

New break

New break

New break

Sealed in wax.

New break

New break

End box 9

sealed.

Not opened.

Tight contact of concrete

with blackish shale
foundation rock.

Rock

is flat lying inter-
fingered black shale and
.gray siltstone.

F15

Piece from 59 to 59.9 is
Not opened.
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ig of ‘MOB~4 DC~1 (Continued)

Depth, ft

64  e————

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 interfingered
black shale and gray siltstone.

Intact rock generally as above 66 to 66.7.

66 o
wf“”;_;_- Zones of shale and siltstone starting
RN to show.
;:#iJ"'f” Thin layered shale and siltstone.
,»;kﬁ._;_,, As above.
68 e As above
{
: —~1 68.5 to 66.2. Top half largely siltstone with
e 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. :
70.3 to 70.6. Zoned shale and siltstones
70.6 to 71. Zoned shale and siltstone.
70 4.1 R 71 to 71.5. Siltstone with about 1/4-in. seam
N of tan clay near bottom of piece.
} . 71.5 to 72.3. Essentially all siltstone w1th
Sy scattered thin stringers of t 1
L ELT‘J- g an clay.
R
S S N
A‘ﬁ _f:;ll End box 11
_-.?_.__.—.——.‘i.‘...
72 410
F16 Page 9 of 12




Log of MOB-4 DC-1 (Continued)

Depth, ft

72 ‘
| D 72.3 to 72.6. Largely siltstone with thin
LR stringers of black shale.
— 72.6 to 73.2. Siltstone with thin stringer
"\\'"f*' of coal. Healed vertical crack.
—~— ? 73.2 to 73.7. Siltstone with some thin
| f : stringers of clay and shale.
- mﬁ::;'_ 73.7 to 74.2. Black shale with some tan clay.
L R
———at 74,2 to 75.2. Intact flat bedded black shale
R with small areas of tan clay,
o
"”f“f‘%'” 75.2 to 76. Same as above piece.
L
76 -\_q—;~%—-- 76 to 76.7. As above piece.
i
et 76.7 to 77.2. Top 0.2 ft interfingered thin
_w_wﬁ.g . bedded s?ale and siltstone.as before. Bottom
S S portion is shale.
por~——sw{  77.2 to 78. Black shale
—_ \
T End box 12
78 D aamma S L -
wmeeeeeh 78 to 78.8. Same as above piece.
78.8 to 79.4. Essentially as above; becoming
do t ‘ thicker bedded. ‘Crack at 79 ft.
""_\*’ﬁ“" Same as above.
8o I 1
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Log of MOB-4 DC-1 (Continued

o —————

Depth, ft
80

82

84

86

88

P
I
0

o
|
t
i

i .
H '
| .—-l— .
S T T
i
1

|
-

i

|

!

i
l!—» A e de
H P

|
t
!
Rtam atas

T

1
3
‘
¢
'

.y

' 4

i

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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iLog of MOB-4 DC-1 (Continued)

e

i

Depth, ft
88

90

92

94 4.

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.

96 .
. F19 Page 12 of 12




Log of 4-in.-Diameter Concrete Core No. MOB-4 CON-16
from Oliver Lock and Dam Monolith 16 (Land Wall)
Location: Sta 4 + 31B
: 27.5 ft from face of
El, ft  Depth, ft ' chamber wall
140 0 __ . ~ Finished surface
o : Same aggregate as in
‘ L monolith 5.
~3-¢>»— . The concrete shows white gel
— New break due to alkali-silica
. - reaction.
S New break
r;Z]? ‘ New break
H i
- New break
A i:’;} Portion of hollow pipe,
about 2-in. diameter
S New break
New break P - Petrographic sample
AL -~ Length-change sample
01ld break
01d near vertical crack
' Lift contacts were not
evident. :
Fragmented
4 |- i
!
L - g“d gf Vi?tlgal crack Vertical scale:
(e ew brea | 0.2 in. = 1 ft
; i New break _
A No horizontal scale.
-
SRS O S A
; : ; { 0l1d break
b
AR
6 __%”‘?mj_“ Honeycomb area
NS
N
~—;~5~?“~ New break End box 1
S |
A_E_iﬁ_f_ Pieces in the
P interval from
'“7' T : 6.9 to 20.7
TrTTT were sealed in
——}—7~—¥~ wax. They were
g 4 i i not opened.
Figure 2. Page 1 of 4
\,‘ e o
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Log of MOB-4 CON-16 (Continued)

10

12

14

16

[P UV S

New break (field report)

Hammer break (H.B.)

New break (field report)

End box 2

New break (field report)

F21
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log of MOB-4 CON-16 (Continued)

Depth, ft

16

be S T
1

o -

18 oo

New break (field report) End box 3

P R —
1
1 I
P
‘

20 il

e G End of waxed pieces
——— New break

H%"— - New break

99 e~wmael New break

sQesr\a_,. New break
l .

26 1 0,
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Log of MOB-4 CON-16 (Continued)

t
i

Depth, ft
24-1 1 t o

New break

_ New break End box 4 This is all of the core
B B that was received from
i .
wﬁw*;_+w. this hole.
; S
| |

.
'
{ .

Page 4 of 4
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Log of Core MOB-4 DC-2 from the Spillway Foundation, Oliver Lock and Dam

B, ft Depth,
68 56

58

60

. 62

64

‘Thin seams (<0.1-ft thick) of

Top 62.3 ft of core is concrete.
Not examined.

Location of hole. 4.75 ft down-
stream from dam face, 7.5 ft soutH
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 more
compact with increasing depth.
1.9 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

coal at 63.1 and 63.7 ft.

Foundation rock starts at 62.3 £t

Vertical scale: 1 in. =1 ft
No horizontal scale. )
P - Petrographic sample taken.

Rock is shale from 62.3 to 72.4 ft.

0.05-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

70

72

P SO
. .
P i

- e
s ¢
H +

-4

.--.l.
!

e e

H 4 i .
“m;m_“L__%_~

.
H +
H ] ¢

S

F25 .

All shale on this sheet

Bottom of Box 10

Vertical break, 70.8 - 71.0,

probably old.
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MOB-4 DC~2 (Continued)
P — e

Depth, ft
72 e [} t '
L End Box 11
R : ’
b The interval from 72.4 to 74.3 ft
e shows traces of sandstone inter-
fingering with the shale.

!
| 01d(?) break dips about 20°.

74

 erren..4 _ May be old break

-~ Becoming mostly sandstone
in this interval

May'be old break on
shale seam. Dips 30°.

0ld steep break

Sandstone to here with scattered shale

~Shale

: LInterbedded shale and sandstone

et} —— End Box 12. End of core.
S g Note on box stated that
S S core from 79.1 to 80.7
_w;mJ,_; _ was discarded.

80 4 i |

Page 3 of 3
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