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BAbstract

Two single-cavity prestressed concrete reactor vessel (PCRV) models were fabricated

and tested to failure to demonstrate the structural response and ultimate pressure capacity

of models cast from high-strength concretes. Concretes with design compressive strengths

in excess of ?0 MPa (10,000 psi) were developed for this investigation.

One model was cast from plain concrete and failed in shear at the head region. The

second model was cast from fiber reinforced concrete and failed by rupturing the circum-

ferential prestressing at the sridewall of the structure.

The tests also demonstrated the capabilities of the liner system to maintain a leak-

tight pressure boundary.

1. Introduction

Two prestressed concrete reactor vessel (PCRV) models were fabricated and tested to

failure [1] to supplement the previously developed test data on the shear strength of end

slabs of single-cavity PCRV models [2,3]., These tests were conducted since the design

compressive strength of concrete for current generation PCRV's was increased to 55 MPa

(8,000 psi) from 45 MPa (6500 psi).

The objectives of the study were to determine the failure mode and ultimate failure

pressure for each model as well as to evaluate the overall performance of the liner system

which was developed for these tests.

2. Model Description

The two PCRV models tested in this study (Fig. 1) were identical in geometry to those

previously tested to investigate the shear strength of end slabs of PCRV's [2, 3] .

Although the axial and circumferential prestressing systems had similar designs, the liner

and concrete mix designs were developed specifically for these two tests.

Sixty high-strength steel rods, 19 mm (0.75 in.) in diameter and threaded at both ends,

were used to provide the axial prestress force for each model. The applied force from the

rods also served to clamp the models to the steel base plate which then completed the

pressure boundary. Six rods were instrumented with strain gages so that the force level

in the rods could be monitored during the prestressing and pressurization operations.
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A The models were prestressed circumferentially by applying a high strength steel wire

which met ASTM A648 class 3 requirements. JJie wire had a diameter of 6.35 mm (0.25 in.)

and an ultimate tensile strength of 1760 MPa (255 ksi). The wire was attached 3.8 cm

(1.5 in.) from the top and bottom surfaces of the concrete and was wrapped as close

together as possible around the models.

The liner system developed for the models was fabricated from carbon steel rather than

composite layers of steel or aluminum, copper and neoprene and was leak checked before

being integrally cast with the concrete. The liner components were constructed by forming

the head and cylindrical liner wall from AISI 1008 carbon steel which was 2.67 mm (0.105

in.) thick. The parts were welded together and then welded to a flange which provided the

sealing surface between the model and the base plate. Anchor studs were ati.̂ .lxa» to the

flat steel head and sidewall sections of the liner to ensure that the liner would not

buckle during the prestressing operations.

Concrete mixes with 60 day design compressive strengths of 55 MPa (8,000 psi) were

developed for the models. One model, designated as PV 34, was cast from a plain concrete

mix; the other model, designated as PV 35, was cast from a fiber reinforced concrete mix.

These models were geometrically similar to previously tested models PV 16 [2] and PV 26

[3] and thus served to link the various investigations.

A series of trial batches of concrete were prepared to select the final mix designs.

A 19 mm (0.75 in.) maximum size limestone coarse aggregate was selected for the plain

concrete mix and a 9.5 mm (0.375 in.) maximum size limestone coarse aggregate was selected

for the fiber reinforced concrete mix. The Portland cement conformed to ASTM C150,

Type II requirements and Type F fly ash was added to each mix. The steel fibers were an

AISI Grade 1008 carbon steel and were 50 mm long, 0.5 mm in diameter, collated and hooked

at the ends. The fiber content of approximately 1.1% (by volume) was chosen based on a

compromise between workability and flexure strength.

3. Fabrication Details

The PCRV models were cast in a steel mold which contained the axial prestressing

penetration forms, circumferential prestressing wire anchors, lifting anchors and the

steel liner assembly. Four batches of concrete were prepared for each model; the side-

wall required two batches and the head required two batches. Control specimens were

taken from each batch for material property evaluations.

Compaction of each concrete lift was by internal vibration. After filling the-mold

the top concrete surface was trowelled smooth. About three hours after casting, the

axial prestress penetration forms were removed from the models to form sixty unlined

holes which served as ducts for the axial prestressing rods. Plastic sheets were then

placed over the mold to minimize moisture loss.

The strength of the concretes was determined 56 days after casting. Model PV 34 had

a concrete compressive strength of 58.0 MPa (8,440 psi), and model PV 35 had a concrete

compressive strength of 64.2 MPa (9,310 psi).

The models were circumferentially prestressed by applying a continuous wrap of wire

around the cylindrical vertical surface of each model. The wire was applied at a constant i

force of 31 kN (7,000 lb.). PV 34 contained 123 turns of wire; PV 35 contained 126 turns j

of wire. j
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A After each model was prestressed circumferentially, the axial prestressing was

applied. The average force in each rod was 215.6 kH (48,480 lb.) for PV 34 and 202.4 kN

(45,500 lb.) for PV 35. Strain gage and displacement transducer wires were attached to

the data acquisition system, the liner cavity was filled with water and the missile

shielding was installed around the model. After the temperature of the model had

stabilized, the model was ready for testing.

4. Testing Procedure and Results

The models were loaded by a hydraulic pressurization system which consisted of a

hydraulic -t —"lp, servo valve and controller and pressure intensifiers. This system

provided closed loop control of the pressurization fluid and maintained a constant

pressure on the models as the data acquisition system scanned each input signal.

The models were first subjected to a preliminary loading cycle in which the pressure

was incremental!, increased in 0.69 MPa (100 psi) steps to 34.9 MPa (500 psi). This

procedure permitted a system check for leaks or malfunctions. After all checks had

been made, the models were incrementally pressurized to failure. Data was taken at each ;

step during the pressuriz-tion process. !

Although prior to testing the models were filled with water to minimize entrapped [

air and pressurized hydraulically, the structural failures were somewhat abrupt in each '

case. The plain concrete model, PV 34, failed in the head region by shear of the :

concrete at 23.96 MPa (3475 psi) and expelled approximately 0.05 m3 of concrete frag- [

ments (see Fig. 2). The fiber reinforced concrete model, PV 35, failed by rupturing j

twenty-three wraps of the circumferential prestress wire at a pressure of 27.72 MPa )

(4020 psi) (see Figs. 3 and 4). Rupture of these wraps occurred suddenly and they j

impacted the sides of the cell. The liner in the head of PV 34 was torn during the i

failure. The liner in PV 35 was not ruptured and continued to contain pressure even j

after the wires had failed. PV 34 was 345 days old and PV 35 was 337 days old at the '.•
I

time of failure testing.

The compressive strength of the concrete in the head region of each vessel was

determined at the time of the model tests. The concrete in PV 34 had a coropressive

strength of 79.42 MPa (11,520 psi) while PV 35 had a compressive strength of 69.29 MPa

(10,050 psi).

5. .inclusions and Observations

Two PCRV models which utilized representative high strength concrete materials and

a new liner concept were pressure tested to failure. The liner system performed its

function by maintaining a leak-tight pressure boundary during the concrete casting,

circumferential and axial prestressing, and pressurization operations. In fact, the

liner for the fiber reinforced concrete model, PV 35, remained leak-tight even alter the

circumferential prestressing wires had failed. The liner in the plain concrete model,

PV 34, failed just after the structural concrete had lost its capacity to carry

additional loads.

The behavior of high strength concrete was demonstrated by those tests and the

results augment previous test data as reported in references 2 and 3. It was also
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Aderaonstrated that the shear strength of fiber reinforced concrete is at least fifteen

percent greater than that of plain concrete_of comparable compressive strength.
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Fig. 1. PCRV model geometry and details (elevatioi. view).





en

5
o

o
til

0

I
0

u:





DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily 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
reflect those of the United States Government or any agency thereof.


