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Subject: Length change of concrete containing Glen Canyon Dam
aggregate and various cements, pozzolans and/or a lignin-
type retarding agent.

INTRODUCTION

Glen Cenyon Dam, located on the Colorado River in northern Arizona,
is a gravity~arch dam containing 5 million cubic yards of concrete.
As in nearly all recently constructed Bureau of Reclamation massive
concrete dams, the concrete in the dam proper contains a pozzolenic
material as a replacement for a portion of the cement. The two
principal reasons for using pozzolan are (1) economy, and (2) the
reduction of heat generation during hydration accruing to its use.
Further economies and advantages in the form of reduced cementitious
material content, and the attendant reduction in heat generation,
usually eccompany the use of water-reducing, set-retarding agents.

A preliminery pozzolan investigation, reported in Concrete Laboratory
Report No. C-882, evaluated, for compliance with requirements of
Specifications No. DS-5053, pozzolans from T4 sources. Selected
pozzolans from these sources that met all specifications require-
ments together with 12 additional pozzolans from different sources,
Teble 1, were subjected to tests in concrete. Preliminary labora-
tory concrete investigation, partially reported in Concrete Laboratory
Report No. C-526A, was undertsken to evaluate the individual and/or
combined effects of various pozzolans and a single lignin base
retarding agent on selected properties, such as compressive strength,
elastic properties, and length change, including autogeneous and
drying shrinkage and expansion due to prolonged moist curing of

Glen Canyon Dam concrete. Reported herein are the results of this
investigation.

CONCLUSIONS

From results of tests reported herein, the following conclusions
appear to be justified:

1. The use of any of the pozzolans tested; namely, fly ash, clay,
shale, pumice, volcanic ash, and blast furnace slag (1) increased,
except for fly ash, the water requirement, (2) slightly increased




autogeneous shrinkage, (3) significantly increased drying shrink-
age, and (4) decreased the compressive strength (modified cubes)
and elastic properties as compared to similar values obtained
from control concretes, Tebles 2-4, Figures 2-5.

2. Addition of calcium lignosulfonate retarding agent to concrete
mixes reduced the water requirement about 10 percent while main-
taining the same workability, and generally resulted in somewhat
increased drying shrinkage, Table 5, Figures 6, 7, and 8.

3. Expansion of continuously fog-cured concrete containing pozzolan
in the amount of 30 percent by weight of cementitious material
exceeds the average expansion of control concrete containing no
pozzolan by 33 to 120 percent, Figure 1.

TEST MATERIALS, APPARATUS, AND PROCEDURES

Materials

Aggregate for the laboratory concrete mixes was obtained from the

Wahweap deposit which is located sbout 7 miles northwest of Glen

Canyon Dem. The pit run material was shipped to the Denver labora-
tories, after which it was washed and screened through the laboratory
aggregate-processing plant. After drying, the sand was separated

into six sizes, Sieves No. 8, 16, 30, 50, 100, and pan, through

Jigger screens. Lightweight material was removed from the No. 8 size sand
and coarse aggregate by the heavy media separation process. Physi-

cal properties were then obtained for use in concrete mix design,

prior to storing for subsequent use in concrete mixes.

Concrete mixes contained five different Type II, low-alkali cements
as follows: Laboratory Samples No.; M-2400, an equal blend of
cements obtained from 10 different sources; M-3196, from Californis;
M-3100, an equal blend of cements obtained from 10 different sources;
M-3329, from California; and M-3688, from Arizona. Concrete mixes
contained 22 different leboratory samples of pozzolans cornsisting
of the following types: clay, shale, pumice, fly ash, and volcanic
ash. Pozzolan samples were obtained from various locations through-
out the middle and far west states, except for a few which were
obtained from the same source, but ground to different finenesses,
or calcined under different conditions.

Calcium lignosulfonate water-reducing, set-retarding agent, in the

amount of 0.37 percent by weight of cementitious material, was used
in seven of the concrete mixes, namely Nos. 99, 103, 112, 116, 123,
134, and 161.




Neutralized vinsol resin (NVX) was the air entraining agent used.

Apparatus I

Equipment used in the fabrication of the 4- by 4- by 30-inch test
specimens consisted of steel molds, Figure 9, and a vibrating table
on which the molds were placed for consolidation of the fresh con-
crete, Figure 10. Iength change of the specimens was measured on
a horizontal comparator, Figure 11. Data for determining Young's
dynemic modulus of elasticity were obtalned from an electronic
system consisting of an audio oscillator, a driver and pickup,

and an amplifier-oscilloscope indicator, Figure 12. Flexural
modulus of elasticity and modulus of rupture data were obtained
by use of a loading frame and dial gages, shown in the 120,000-
pound Universal testing machine, Figure 13.

Procedures

Four- by four- by thirty-inch specimens for the first series (Mixes
No. P-1 through P-21) were fabricated from mixes initially designed
to contain l-l/2-inch-maximum-size aggregate; whereas, specimens
of the same size for the second series (Mixes No. 31 through 161)
were fabricated from a mass concrete mix that was wet-screened to
contain 1-1/2-inch-meximum-size aggregate. Drying shrinkage speci-
mens (Nos. 5 and 6) were cured at 100 percent relative humidity
and 73.4° F for 1l days and then at 50 percent relative humidity
and 73.4° F until 1 year's age. Autogenous cured specimens (Nos.
19 and 20) were hermetically sealed in copper jackets immediately
after fabrication and stored at 73.4° F for the duration of tests.
Specimens No. 1 and 2 were continuously cured at 100 percent
relative humidity and 73.4° F. All specimens were measured for
length change and Young's modulus of elasticity periodically.

Each of the specimens, after 1 year of curing under their indivi-
dual curing conditions, was tested in flexure. Specimens, when
tested in the flexure frame, were rotated one-quarter turn from
the position in which they were fabricated. Autogenous cured
specimens and those with rough surfaces were sulfur capped at

the bearing points, Figure 13. Compressive strengths of modified
cubes were determined after the flexure tests.

DISCUSSION

This investigation included 18 relatively rich preliminary con-
crete mixes containing 30 percent pozzolan (five types) by

weight of cementitious material, Tables 1, 2, and 3. Also included
vere 21 comparatively lean concrete mixes containing 33 percent



pozzolan (four types) by weight of cementitious material in nine
different blends, Table 4. In addition were 13 mixes containing
4 different blends of pumice pozzolan generally in the amount of
33 percent by weight of cementitious material, with 7 of these
mixes containing 0.37 percent calcium lignosulfonate-retarding
agent by weight of the cementitious material, Table 5. The 13
latter mixes contained 3 different blends of cement. Results

of tests performed on the preliminary concrete mixes, Figures

1 and 2, indicated that pozzolans are suitable, with respect

to length change, for use in interior mass concrete. The cemen-
titious material in these pozzolan mixes was composed of 30
percent pozzolan (140 to 169 1b/cu yd) and 70 percent cement (315 to
393 lb/cu yd); vwhereas, the control mixes contained approximately
an equivalent weight of cement but no pozzolan, Tables 2 and 3.
The second set of mixes, Tables 4 and 5, was prepared with a
lower cement content than the "P" series and 33 percent pozzolan
to determine the feasibility of using a more economical and
vorkable mix with pozzolans.

From a comparison of the drying shrinkage of specimens fabricated
from Mixes No. 111 and 112 with 115 and 116, there are indications
of greater drying shrinkage attending the use of a coarser pozzolan.

Results of tests on specimens continuously moist cured (Nos. 1 and
2) indicate that the addition of pozzolans to the mixes will
increase the expansion of concrete as compared to the expansion

of nonpozzolan concrete similarly cured.

Two sets of sealed bars were fabricated to determine whether or
pot any free surface moisture remains after 14 days of curing at
73.4° F. The first set (GCD-lll, 19, and 20) contained no retarder,
vhile the second set (GCD-112, 19, and 20) contained a calcium
lignosulfonate-retarding agent, and both sets of specimens con-
tained pozzolan. There was no free surface moisture apparent on
any of the specimens when the copper jackets were removed after

14 days. These bars were then stored at 50 percent relative
humidity and 73.4° F to 1 year's age, at which time they had
developed a slightly higher shrinkage than companion specimens
that had been initially stored for 14 days at 100 percent relative
humidity and 73.4° F, Figure 7.
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Table 1

POZZOLANS USED IN LABORATORY CONCRETE MIXES
Length Change Investigation
Glen Canyon Dam

Pozzolan

No Iype
M-2529 2/ Clay
M-2575 1/ Clay
M-2537 Shale
M-2540 Pumice
M-2564 Fly ash
M-2626 Shale
M-2833 3/ Clay
M-283; &/ Clay
M-2835 Volcanic ash
M-2858 Volcanic ash
M-2883 Pumice
W2907-C3 2/ Shale
M-2907-C4 3/ Shale
M-2909-A Volcanic ash
M-2942 Pumice
M-2942-A Pumice
M-2942-B Pumice
M-3439-A Pumi ce
M-3439-B Pumice
M-3470-B Pumice
M-3587 Pumice
M-3837 Pumice

1/ Calcined by producer.
2/ Calcined for 3 hours at 1,600° F,
3/ Calcined for 4 hours at 1,600° F.

Pozzolans M-2529 through M-2626 were used
in P-1 through P-21 mix series.

A and B denotes the fineness of the pozzolan,
A being the coarser of the two.
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FIGURE 8
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P557-D-40780

Figure 9 Steel molds used in the fabrication of 4 by 4 by
30 inch concrete test specimens.

Length Change Investigation-Glen Canyon Dam




Figure 10 Vibrating table used to consolidate fresh concrete
in the preparation of test specimens,

Length Change Investigation-~Glen Canyon Dam




Figure 11 Horizontal Comparator for measuring length change of
L by L by 30 inch concrete specimens,

Length Change Investigation--Glen Canyon Dam




Figure 12 Electronic equipment for determining Young's Dynamic
modulus of elasticity.

Length Change Investigation--Glen Canyon Dam




Figure 13 Frame and loading head used in flexure and
modulus of rupture tests,

Length Change Investigation--Glen Canyon Dam
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