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PCPV INSTRUMENTATION AND MEASUREMENT TECHNIQUES
AT ELEVATED TEMPERATURES

ABSTRACT

Strain measurements within the structural concrete of
the prototype Prestressed Concrete Pressure Vessel
have been performed during a one year operation at
elevated temperatures up to 12o C. Laboratory in-
vestigations on the properties of the gauges and the
concrete mix are applied to separate the different
contributions to the strain data. A decrease of
creep and loss of prestress and the arise of stable
conditions is observed.

KURZFASSUNG

Während der einjährigen Betriebsphase mit erhöhter

Temperatur (bis 12o°C) wurden im Baukörper des Proto-

typ-Spannbeton-Druckbehälters Dehnungsmessungen durch-

geführt. Begleitende Laboruntersuchungen über Geber-

und Betoneigenschaften wurden zur Deutung der ver-

schiedenen Beiträge der gemessenen Dehnungen heran-

gezogen. Die Messungen indizieren eine Verlangsamung

der Kriechvorgänge und des Spannkraftverlustes bis zur

Stabilisierung des Spannungszustandes.

FACHKATEGORIEN: E 13, E 4o, E 41

DESKRIPTOREN: PRESSURE VESSEL, PRESTRESSED CONCRETE,
STRAINS, MEASURING METHODS



PCPV INSTRUMENTATION AND MEASUREMENT TECHNIQUES
AT ELEVATED TEMPERATURES

1. INTRODUCTION

At Seibersdorf Research Center a prototype PCPV with

hot liner was built /."!_/• It is designed for con-

tinuous operation with loo bar inner pressure at an

inner wall temperature of 3oo°C. Behind the liner

the temperature level decreases from 3oo°C to 12o°C

within a zone of insulating concrete and stays at

loo°C to 12o°C within the prestressed concrete. Three

periods of operation were performed till now j_ 2_J

the period of construction and
prestressing

one year operation at elevated
temperatures up to 12o C in the
structural concrete

pressure tests at 115 bar



During a l l periods of operation the PCPV was monitored by an
extensive instrumentation both for comparison with the design
calculations and for safety survei 1 lancefSl-

According to this, the instrumentation covers

temperature measurements within the structural
and insulating concrete and on the liner

strain measurements within the concrete and on
the l i n e r
stress measurements within the prestressed concre-te
and on the tendons
measurements of the stability of shape and proportion
of the structure
measurements of humidity of the concrete
leak detection and inspection of l i n e r

Different types of gauges were selected by detailed laboratory
investigations and were tested under realistic conditions
within a large scale concrete structure. Strain gauges had to
be improved in their resistance against corrosion and moisture.
On the PCPV, the gauges had been installed in such a manner

that

gauges of different types are brought into
physical equivalent positions for comparsion
selected positions are monitored for safety
survei11ance.

The overall dimensions of the PCPV are 12 m height and 3.6 m
to 4.5 m diameter. This shape offers an undisturbed region
from the statical point of view at half the height where the
comparison of measurements with the design calculations is not
too complex and a recalculation with varying design parameters
can be made easily. At the bottom and the top of the PCPV the



measurements will help to estimate the limits of validity and
the necessary amount of calculations.

For the comparison with the structural analysis emphasis was
layed on strain measurements. In order to interpret these'
data some basic knowledge is necessary:

the properties of the gauges (calibration,
temperature behaviour, drift, aging, etc.)
the properties of concrete (Young's modulus,
thermal expansion, shrinkage, creep,etc.)
depending on age, moisture content, temperature-
and stress-history
the actual history of temperature and stress of
the structural concrete of the PCPV

Several investigations on the properties of concrete at eleva-
ted temperatures and some attempts of a long-term forecast
on a semi-empirical basis had been published in the past.
Our program is directed torwards more detailed knowledge in
this field. It includes parametric investigations, using the .
same concrete as on the PCPV and choosing the test conditions
as close as possible to the load-and temperature-history of
the PCPV.



2. S T R A I N M E A S U R E M E N T T E C H N I Q ü E

A strain gauge for long-term measurements inside of concrete

at elevated temperatures must meet severe specifications. We

therefore performed selective tests with different types of
gauges. The gauges have been mounted both in a steel-frame -

to avoid the time and moisture depending influence of concrete

- and embedded in concrete test specimens. We investigated

their performance in respect to their calibration and the

stability of reading for long-term and short-term load and

temperature cycles and to the coefficient of thermal expansion

We selected two types of gauges

Telemac C 90, vibrating wire strain gauges,
ap p l i c a t i o n up to 120°C
Microdot CG 122, resistance strain gauges,
a p p l i c a t i o n up to 300°C

Though these strain gauges are well suited for long-term

measurements even at elevated temperatures, some instrumenta-
tional distortion effects can be observed and should be taken

into account for the interpretation of strain data. The least
influence one must expect can be estimated by l i s t i n g the

disturbing influences of the best types of gauges we tested:

the coefficient of thermal expansion of the gauge
is different from concrete,and nonlinear. There
is an a d d i t i o n a l failure to be expected due to
the change of the coefficient of thermal expansion
of concrete when aging the test specimen
the first temperature cycle sometimes shows irregular
readings. This effect can be minimized by anticipa-
ting temperature cycles up to the intended maximum
operating temperature before mounting the gauges



the c a l i b r a t i o n constant is accurate w i t h i n + 5 %
for CG 120 and + 10 % for C 90, nevertheless'sorne
items deviate up to 100 %

F i n a l l y , we tested the gauges in a large thick-walled concrete
structure. The structure was an 1 m h i g h section of the proto-
type vessel. This test ring was prestressed and heated by an
interior p i p i n g system to the intended conditions of operation
of the prototype vessel. Though the gauges performed well under
laboratory testing conditions they completely failed when the
temperature was raised above 80°C because of corrosion and
water penetrating into the gauges. The resistance strain gauge
CG 120 soaked when the soldered connection of the steel
sheathing of the cable to the small tubing containing the
resistance wire corroded. The v i b r a t i n g wire gauge C 90 leaked
at the c l a m p i n g of the wire which was sealed by epoxy cement.
This situation was found to be typical for most sealants at
temperatures near or above 100°C. We had to modify the con-
struction of the gauges and use a l l - w e l d e d closures and
connections. The modified gauges work satisfactorily si nee five
years.



3 . P R O P E R T I E S O F C O N C R E T E A T

E L E V A T E D T E M P E R A T U R E S

The strains which can be observed during a load and tempera-
ture cycle contain several contributions. This are

elastic strains due to prestress and the inner
pressure load of the vessel; thermal strains
depending on the temperature distribution of the
PCPV
creep depending of the load and thermal distribu-
tion and the load-and Lhermal-history of the PCPV
shrinkage and swelling due to moisture changes
mainly at the very first thermal cycle.

The extraction of the different portions for the comparsion
with theoretical calculations w i l l require an extensive know-
ledge of the properties of the b u i l d i n g materials.

The properties of concrete are depending of
its preliminary thermal and load treatment. We therefore
performed a program of parametric investigations to study the
material properties of the concrete in use on the prototpye
PVPV.
These properties are

tensile and compressive stengh
Young's modulus (dynamic and static)
shrinkage
creep
thermal expansion
thermal conductivity

Test specimens have been cast with the original charges of
concrete. Youngs modulus and shrinkage have been measured
under controlled humidity conditions. Specimens with embedded



strain gauges have been mounted in a test facility (Fig.1)
where creep and thermal expansion can be measured. This
mounting unit contains two test specimens which are separated
by top and bottom lids. The specimens are mounted within a
temperature controled casing. Lids and mounting columns can
be temperature controled too. Load is a p p l i e d to the specimens
via a hydraulic control system.

Three measuring systems are used both in the test facility
and on the reference vessel :

. an electrical gauge (CG 122 or C 90) inside
the test specimen and
three pairs of mechanical distance marks, 10 cm
apart, on the surface of the specimen, spaced
120° on the surface, or
mechanical distance measurements, i.e. a measu-
ring bar and meter between top and bottom l i d .

For the comparision between the different systems one has to
consider that

mechanical systems measure both thermal and
mechanical strains
electrical systems compensate the thermal strains

The electrical measurements are subject of instrumental
distortions w h i l e the mechanical measurements are less
sensitive to distortions. The latter therefore are taken
as a reference in order to investigate both the thermal
expansion of the concrete and the behaviour of the gauge.

The testing parameters are set as close as possible to the
physical state of the prototype vessel. Sealed and unsealed
test specimens are used to represent the different moisture
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conditions of the inner of the structural concrete and the
outer surface. The same temperature history is performed with
one exception: at significant steps - raising or lowering the
temperature of the PCPV - the temperature of the test specimen
is reduced to a l e v e l , where the changes of concrete proper-
ties and gauge drift run slow. The state before decreasing
the temperature is "frozen" and can be studied.

The different contributions to the measured strains can

be separated thus resulting in a better understanding of

the behaviour of the gauges and of the properties of con-

crete. The results can be applied to the measurements on

the prototype vessel using the measured temperature distri-

bution and moisture distribution on the vessel as a
parameter.
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4 . M E A S U R E M E N T S D U R I N G T H E

O P E R A T I O N O F T H E P C P V

In the first phase of b u i l d i n g and operating the PCPV it had
been prestressed. The distribution of prestress had been
measured by Telemc strain gauges and Glotzl stress gauges

within the structural concrete. Both the strain and the stress

measurements are in good agreement with the predicted values.

The subsequent phase we call the "phase of stabi 1 ization" (Fig.2).

As to be seen from our laboratory investigations, intensified

creep and shrinkage takes place when a higher temperature level

is reached the first time. On the PCPV loss of prestress is

expected in this phase both due to relaxation of the tendons
and creep of concrete. The pronounced creep and shrinkage

reduces when the concrete has lost the surplus water and tends

to stable conditions. The stabilized vessel can be prestressed
again and no significant loss of prestresr, w i l l be observed
further more.

During this phase emphasis was layed on

temperature measurements
strain measurements inside the structural
concrete (CG 120, C 90)

measurements of the distribution of humidity
w i t h i n the structural concrete (neutron probe)

measurements of the tension of the tendons
(dynamometer)

The process of drying the structural concrete was estimated to

be finished within three months. Though this short period

certainly is favourable on an intended large-sized PCPV, we
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prefered to last it for a whole year. First the .temperature
was risen in steps, each step long enough to allow both the
measurements on the vessel and the laboratory test to show
clean and interpretable results. During this period most of
the stabilization was done. Later on the temperature was kept
at 120°C for three months to insure that stabilization has
taken place and to observe the long-term behaviour of both
the gauges and the structure at elevated temperature.

Fig. 2 shows the phase of stabilization comparing the loss of
prestress and the strains at the outer surface of the PCPV
to the loss of water. The main decrease in prestress takes
place at ascendent temperature.

As an example of triaxial strain measurements during the period
of 120°C operation Fig. 3 shows four modes of instrumentation:
C 90 gauges mounted tangentially,radially and axiallyin respect
to geometry of the PCPV and a gauge which was embedded in
concrete, but mechanically isolated from the surrounding
structural concrete ("Leergeber" - dummy gauge). This gauge
measures shrinkage and thermal expansion of concrete l i k e the
other gauges and is undergoing the same instrumental distor-
tions. It does not measure the mechanical load and creep of
the structural concrete. Independently from their position
a l l gauges show s i m i l a r strain data. If one a p p l i e s a correc-
tion of approximately -2 pm/m,d for the gauge drift and
change of the coefficient of thermal expansion of concrete
n e g l i g i b l e strains remain for shrinkage and creep. Subtracting
data from that dummy gauge from data i n c l u d i n g load and creep
to extract creep from the strain data clearly indicate that
stable conditions in respect to creep and shrinkage already
has been established even at the beginning of the 120°C period
(Fig. 4 ). F i n a l l y the PCPV was pressurized up to 115 bar.
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The stress distribution on the liner and w i t h i n the concrete
(Fig.5) was calculated from strain measurements. The agree-
ment with predicted values was excellent though there was a
five year period of operation since the gauges had been
installed.
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4. C 0 N C L U S I 0

Long-term investigations inside of structural concrete at
elevated temperatures have boeii performed successfully.
The properties of the gauges are known and the material pro-
perties of concrete can be estimated by suitable laboratory
tests. The gauges have been tested under realistic humidity
and stress conditions using the original concrete mix.
A prototpye PCPV equipped extensively with gauges of different
types was monitored from the very beginning of concrete work,
during a one year period of operation at elevated tempera-
tures to the pressure test with excellent agreement with
predicted data.
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Fig . 1 T e s t i n g f a c i l i t i e s fo r conc re te i n v e s t i g a t i o n s
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