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Abstract

Design optimization studies indicate that a significant reduction in the size of the

~¥GRV7;ar a 2240 MW(t) HIGR plant can be effected through utilization of high-strength
concrete in conjunction.with large capacity prestressing systems. A three-phase test pro-
gram to develop and ~valuate high-strength concretes (>63.4 MPa) is described. Results
obtained under Phase I of the investigation related to materials selection-evaluation and
mix design development are presented. .

B [reEstressed Contredl. reecter vessel
1. Background

Design optimization studies by GA Technologies Inc. have indicated that a significant

size reduction (1.3 m) can be effected in the PCPV for a 2240 MW(t) HIGR through the use
of 55 MPa concrete in conjunction with 13.3 MN capacity vertical prestressing tendons. This
can lead to substantial cost savings (& $5.7 M) in both the PCRV and containment. However,
in order to realize this cost savings it must be demonstrated that concrete mix designs can

be developed which have the desired mechanical and thermal properties.

2, Objective and Scope
The objective of the overall test program is to develop and evaluate high-strength

*
concretes (>63.4 MPa) wutilizing materials which are in close proximity to areas represent-

ing potential sites for an HIGR plant. The overall program is to be conducted in three
phases. Phase I involves the selection and evaluation of materials, identification of
optimum cement conten:s, evaluation of the selected aggregate materials and the effects of
partial cement replacement by fly ash, and final mix selection and determination of
strength and elastic properties., Phase II is concerned with an evalvation of the effect
of elevated temperaturea up to 316°C on both sealed and unsealed specimens fabricated
using the mix designs developed under Phase I. Phase III involves a determination of the
creep characteristics of the concretes developed under Phase I when subjected to loadings
representing either 30%, 45%, or 60% of their control strengths at temperatures to 71°C.
Thermal properties and the effects of thermal cycling on strength and elastic properties

x -
Reference [1] requires that an average compressive strength at least 8.3 MPa greater
than the specified strength be produced in the laboratory.
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: compatible of the three ASTM Type D water reducing-retarding admixtures evaluated with the

. type and brand of cement procured. Strength and workability results from a series of trial

4. Optimum Cement Content Determinatfons

i

will also be evaluated under this phase. Results in this paPEI.'Awill be restricted to Phase

I which is nearing completion.

3. Factors Related to the Production of High-Strength Concrete
To achieve high-strength concrete optimization of the following factors is required:

(1) characteristics of the cementing medium; (2) characteristics of the aggregate; (3)

proportions of the paste; (4) paste~aggregate interaction; (5) mixing, consolidation and
curing; and (6) testing procedures. Choice of type and brand of cement is probably one i
of the most important factors In the sélection of materials and should be on the basis of

long-~term strength development. Durable aggregate materials free of deleterious substances!

and having good thermal and mechanical properties must be utilized. Development of high

factors (>450 kg/m®). Appropriate procedures must be followed to ensure that the concrete
is thoroughly mixed, adequately consolidated, and properly cured. By utilizing the above
considerations in conjunction with a comprehensive quality assurance/quality control pro-—
gram consistent production and placement of ready-mix concretes having compressive strengths

in excess of 75 MPa should be achievable. ,

%. Material Selection and Evaluation
Representative concrete-making materials conforming as closely as possible to require-

ments presented in the previous section have been selected for use in this study. These {
materials include cement, fly ash, water reducing and retarding admixtures and aggregates.
ASTM Type II moderate heat of hydration and low alkali content portland cement having

]
a 7-d mortar cube strength >29 MPa was selected. ;

ASTM Class C fly ash having a loss on ignition <3% and a high pozzolanic activity index
(>100% at 28-d) was chosen for use as a partial replacement fér cement.

Selection of Pozzelith 300-R as the admixture was on the basis of it being the most

mixes were utilized to evaluate cement compatibility and also to determine the dosage.
Since aggregate materials generally occupy 60 to 80% of the volume of concrete, their
avallability and quality represent a key ingredient in the production of high-strength
concrete. Results of a survey conducted in conjunct’on with this program indicate ghat
high~strength concretes can be produced anywhere in the U,S., but certain areas (e.g.
Florida) may require the use of imported aggregate at a cost penalty of up to $52/m®. 1In
order to establish bounds on concrete properties obtainable from aggregate materials
available in the U.S., four sites were selected which correspond to areas which are candi-
date locations for the HTGR-SC/C plant and local aggregate materials were obtained. These
sites included: _the Pennsylvania-Delaware border area; Florida City-Turkey Point, Florida;

Port Arthur, Texas; and Blythe, California area.

As noted in ref. [2] there is an optimum cement factor for concrete mixes of equal

workability and the same consistency which uses a specific aggregate of a certain maximum
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gize. The optimum cement factor used in thlis study was evaluatéd through a series of labora-
tory mixes utilizing the Pennsylvania-Delaware border area aggregate materials [3B-mm and
9.5-mm maximum size aggregate (MSA)]. Cementitious materials contents (90% cement plus 107
fly ash, by weight) ranged from 7 to 12 sacks/cu. yd. (390 to 670 kg/w®). In the mixes the
MSA was held constant, the water content was adjusted to maintain the slump at 89 * 13 mm,
and the fine aggregate content was adjusted to account for the changing cement and water
contents. Cement contents of 586 kg/m® and 530 kg/m® were selected for the 38 mm and 9.5 mm

MSA, respectively, based on results present in Figs. 1 and 2.

5. Aggregate and Fly Ash Evaluation Testing
In this series of tests each of the four aggregate sources Was evaluated as well as

the effect of |, .rcial replacement of cement with fly ash.  Utilizing results from the opti~
mum cement content test series, concrete mixes were fabricated for each of the aggregate
sources. Cement replacement by fly ash in the mixes varied from 0 to 40%, by weight, and
each mix was designed for equal workability by adjusting the water content to maintain the
slump at 89 * 13 mm. F.e aggregate contents were adjusted to account for the changing

volume from mix to mix.cv. the cement, fly ash and water. Figures 3 and 4 present strength
results obtained from 38-mm and 9.5-mm Pennsylvania-Delaware border area aggregate material%,
respectively. These results also are representative of the magnitude of strengths obtained |
using aggregate materials from the other three selec:ted sources. In addition to providing

improved strength results, test results obtained during this part of the study showed that

and reduced temperature rise of fresh concrete.

6. Final Aggregate Selection for Detalled Property Determinations

i

b

I

partial replacement of cement with fly ash provided enhanced workability, reduced bleeding i
|

i

.

Compressive strength test results demonstrate that the target compressive strength of
263.4 MPa car be achieved using materials from each of the four aggregate sources selected
for evaluation. In order to obtain a representative range of concrete properties that
can be obtained from potential aggregate sources in the U.S., the Pennsylvania-Delaware
border area and Florida City-Turkey Point, Florida materials were selected for use in the
balance of the investigation. The Pennsylvania-Delaware border area aggregate was
selected on the basis that it had been used in the development of 45 MPa mix designs for
the previous generation PCRVs (Fulton and Summit plants) [3]. Selection of the Florida
City-Turkey Point, Florida aggregate was on the basis that it produced concrete mixes
having the lowest modulus of elasticity. Compressive strength, tensile strength, modulus
of elasticity and Poisson's ratio values will be established from specimens which have
been Fabricated using materials from these sources. Tests will be conducted on both
moist-cured and sealed specimens at concrete ages to 182 d. These materials will also be
utilized in subsequent Phases II and III of the overall study.

7. Summary and Conclusions
An overview of a three phase program to develop and evaluate high-strength concrete

(>63.4 MPa) material systems utilizing aggregate materials selected to provide bounds on

material properties is presented. Factors relate’ to the production of high-strength

—eeneretes-are-discussed. Phase T results. on material selection-evaluation, optimum
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cement content determinations, aggregate and fly ash evaluation-testing, and final aggregate
selection are presented. Test results indicate that concretes having the desired compressive
strengths are easily achievable and the incorporation of fly ash into the concrete mixes

imparts Several benefits.
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SPECIMEN FABRICATION FOR DETERMINATION OF OPTIMUM CEMENT CONTENT
| USING 38 mm MSA HAS BEEN COMPLETED
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SPECIMEN FABRICATION FOR DETERMINATION OF OPTIMUM CEMENT SONTENT
USING 9.5 mm MSA HAS BEEN COMPLETED
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| PARTIAL CEMENT REPLACEMENT WITH FLY ASH PROVIDES STRENGTH BENEFITS
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PARTIAL CEMENT REPLACEMENT WITH FLY ASH
PROVIDES STRENGTH BENEFITS
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fulness of any information, apparatus, product, or process disclosed, or represents
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cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not recessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
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