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On the Theoretical Assumption for Stress Measurement in Concrete

(. Magiera, N, Czaika
Bundesanstalt fiir Materialpriifung (BAM), Fachgruppe 6.1, Unter den Eichen 87, D-1000 Berlin 45, Germany

Abstract

Provicing creep and shrinkage in concrete, it is often difficult to de-
rive the concrete stresses from measured strains in concrete. Therefore it
seems in some load cases e.g. in stressfields without strains more reason-
able to measure the stresses directiy. Due to this fact, the paper deals
with the theoretical assumptions of stress measurement in concrete as well as
with practical tests of stress meters in order to get basic knowledge about
the advantages and the disadvantages of stress measuremant.

First, the state-of-the-art in form of a two-dimensicnal stress meter/
concrete model is illustrated. In order to check this model, the development
of a three-dimensional finite element model for the stress meter/concrete
system is respresented. Eecause of the third dimension, this model shows
strongly different results as the two-dimensicnal one and allows more exten-
sive studies on geometrical and material parameters of the stress meter/con-
crete system as well as some estimations on stress measurements concerning
creep and shrinkage in concrete. 4ith regard +to the same but concen-
trated load, the influence of the height to diameter ratio on the normal
stress distribution in the middle plane of the loaded prism is investigated
by means of this model, too.

Furthermore, the paper deals with a dynamic model for an analog computer,
especially of the G16%z1 stress meter in concrete, in order to get mom insight
in its special functions as well as to improve single parts of the stress me-
ter. In particular, this dynamic model gives some jdeas in how to reduce the
temperature dependence of the stress meter,

The Tast part of the paper describes the short and long time tests of
commercial stress meters and BAM-made stress meters in concrete prisms. The
tests were carried out over a time period of twe years in the BAM-Berlin and
show especially measured stresses as a function of load and time. Some pro-
spects on stress measurement in concrete concerning long time stress measure-
ment in connection with ¢reep and shrinkage in concrete finish this work.



1. Introduction

With regard to the stress measurement in cencrete, the common axiom says
that the stress meter has to have a small height to diameter ratio while the
modulus of elasticity of the stress meter has to be nearly the same as that
of the concrete.

In order to get a mathematical basis for this axiom, Y. Loh ! developed
a simple two-dimensjonal mechanical medel of the stress meter/concrete system.
This model enables the calculation of the ratjo s of theoretically measured
stress to exact concrete stress as a function of

- the modulus of elasticity of the stress meter, EA

- the modulus of elasticity of the concrete, EB

- the height of the stress meter, hA = 2°ZA

- the diameter of the stress meter, dy = Z-yA, providing a

circular stress meter.

That means: £ z, Tmeasured
a,
g Ya concrete

Regarding Loh's model, the results of this model are shown in fig. 1-1: In
order to 1imit the reiative stress measurement error f = (1'— s} up to + 5 %,

Loh's diagramm allows a maximum height to dia- J

meter ratio of a stress meter, ZA/yA’ up to .

0.4. i
N !

Magiera,Czaika 2 extended Loh's PRSI
erjuations to stressfields without strains and g ?
strainfields without stresses; from that foi- E j
lTows for creep and shrinkage assuming the ’ f E ]

same measurement error limit of 5 %, that
zA/yA has to be smaller than 0.2.

2. Theoretical assumption

Because of some simplification of Loh's
mode]l a three-dimensional cylindrical model

of this system is made, see fig. 2-la. In by o

EpxfEg (bar/bar}

order to minimize the calculation procedure
with the computer code SAP 4, only a quarter

RN I T T §ETEh
Hu

of the model is discretized into finite ele-
ments, see fig. 2-1b. With regard to the
area representing the stress meter, the area

Fig, 1-i Loh's model:

The well-known measured
i . i stress to the exact con-
itself and the surrounding area are discre- crete stress ratio s

tized very finely since two different materi- after Loh as a function
of the ratio of the mo-

als e.g. two different modulus of elasticity duli of elasticity,
come together. First the model is loaded Ep/Fpi parameter is the
j ] . height to the
with a uniform normal load Pg,z and in a diameter ratio z_ /y_ of
second step with a uniform shear load p, ., a circular stress
B,Y meter

see fig. 2-la. The results referring to
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the ioad Pg,y are shown in fig. 2-2.

The main different resuit in contrast to Loh's one is a clearly greater
limitation of the geometrical values in order to limit the measurement error
up to 5 %: The height to diameter ratio of the stress meter, zA/yA, has to
be smailer than 0.1 while the ratio of the moduli of elasticity, EA/EB’
ranges from about 0.8 to 2.0.

Due to the constant shear Toad Pg.y> fig. 2;3 represents the measured
error stress “n.7 limitea to + 4 bar (+ D.4 N/mm“) assuming that the ratio of
Poisson's ratiosis smaller than 1.0 and Ep/Bp 15 smaller than 3.0. Referring
to the extension of Loh's equations 2, the same extension - applied to the
finite element model - leads to measurement error stresses o >30 bar as-
suming geometrical and material values of available stress meters. Fig. 2-3
shows the variation of the test specimen dimensions zB/_yB providing the
concentrated Toad Pp,y = DB,Z'q with the area A = A/4: If the height to diam-
eter ratio of the test specimen is Targer than 1.0, the stress ratio s is
smaller than 1.3.

Because of the dynamic behaviour of the stress meter operating on the
compensation method (G10tz] meter), a dynamic model as well as its analog
computer synonym is developed (s. fig. 2-5) to improve the stress meter in
some cetails especially with regard to its high temperature dependence in
concrete. In fig. 2-5d the error stress are shown as a function of the oil
stream Q(cma/s)‘ The minimum and maximum error stresses represented by the
two plots in figure 2-5d, are a result of the GI18tz] valve membran vibration
observed in the computer model as well as in concrete test specimen during
operation.

3. Concrete prism test results

Fig. 3-1 to 3-4 show test resuits with concrete prism carried out in BAM
Berlin over a time period of two years. The prisms include G16tzl stress me-
ters as well as BAM-made circular stress meters loaded with stress and tem-
perature in a special test chamber.

4. Conclusion

The theoretical and practical investigations carried out show special
difficulties with stress measurement in concrete over long time periods. The
zero drift as well as the temperature dependence increase is very high over
Tang time periods. Because of other tests performed in BAM dealing with max-
imum ratio of concrete aggregate diameter to stress meter diameter, the BAM-
made stress meter can be reduced in its size in order to be the smallest
stress disturbances in concrete structures.
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Finite element madel:

a - stress meter/concrete
system in form of a cylin-
drical prism

b - finite element mesh of a

quarter
for the

the com

of the above prism
calculation with

puter ceode SAP 4
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Fig, 2-2 =
Finite element model under -

uniform

normal load pB,z:

the ratio s of theoretically
measured stress to exact
concrete stress as a function
of the raetio of elasticities,
EA/EB; parameter is the
height to diameter ratio
zA/yA of a circular stress

meter.
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Fig., 3-1
Concrate test Prism under

uniform normal load Pyt

The measured stress Py of
Gldtz] stress meter in
concrete as a fupction

of constant normal load Ppi
barameter Is fhe tempera-
ture v,

The tests were carried

out in a temperature cham-
ber including Specimen

loading.

.8, 30. 35,

Pg  {bar)

Fig. 3-2
Concrete test prism under

uniform normal load pB:

The temperature error £
of the Glétzl meter in
concrete as a function of

uniferm normal load by

112,

{bar/”{;

0.
ivar}
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Fig. 3-3
Concrete test prism under

uniform normal load Pp:

The measured stress p_ of a BAM=~

M

made circular stress meter in con~
crete as a function of unirform
normal Iopad p,s pdrameter is the
temperature u.

Referring to tests performed in
BAM-Berlin which deal with the
maximum ractio of concrete aggre-
gate diameter to Stress meter
diameter, this circular stress
meter 1s & special construction
in order to reduce the distur-
bances in concrete structures.

The meter includes not mercury
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Fig. 3-4

Concrete test prism under

unirorm normal load Py

The temperature error £, of the
BAM-~made stress meter as a funcw

tion of uniform normal locad o,

4
The average value of £, is aboit
0.5 bar/%c (= 0.05 y/am /%)
assuming a concrete age of about
28 days. As a consequence of
créeep and shrinkage, the tempe-
rature error f,, increases up to
1.1 bar/oC after a time period
of about two years.
Phis test result includes a zero

drift of more than 30 bar.

%)
but another fluid to avoid the
manifold cdangers with mercury
handling.
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