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Stresses and Strains in a Model Ring under Internal Radial Pressure
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SUMMARY

A thick-walled concrete ring model is presented to analyze the state of stresses in the anchored
zone of ordinary reinforcement and prestressing steel. The stress-strain diagram of concrete with
an ascending and descending branch was used to describe the measured, large, relative strains. A
gradual plastification starting from the internal surface of the ring towards the external one was
observed.

RESUME

Un modele d'anneau en béton a parois épaisses est étudié en vue d'analyser I'état de contrainte
régnant dans la zone d'ancrage d'armatures ordinaires et des aciers de précontrainte. Le
diagramme contrainte-déformation du béton présentant une branche croissante et décroissante a
été pris en compte lors de la description des déformations relatives élevées obtenues. Les
résultats montrérent une plastification progressive s'étendant de la face intérieure de I'anneau
jusgu'a sa face extérieure.

ZUSAMMENFASSUNG

Es wird ein dickwandiges Betonring-Modell vorgestellt und zur Analyse der Spannungen im
Eintragungsbereich der Bewehrungsstabe und Spanndrahtlitzen herangezogen. Fir die Be-
schreibung der gemessenen grossen 6rtlichen Dehnungen wird ein Kraft-Verformungs-Diagramm
mit einem steigenden und einem fallenden Ast ben(tzt. Es wurde eine kontinuierliche Plastifizie-
rung des Querschnitts vom inneren zum ausseren Rand des Betonrings festgestellt.
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1. INTRODUCTION

Anchorage of deformed bars and strands by bond causes relatively
large radial compressive stresses at the interface between steel
and concrete. A thick-walled concrete ring model has been
considered to analyse the influence of radial compressive stress
on the state of tensile stresses in the anchored area. The
concrete ring approximates the effect of the surrounding concrete.
The cylinder can be located in the beam section as shown in Fig.1.

1 Gf/p

Fig. 1: a/ Location and geometry of the ring model in the section
and stresses on an element.
b/ The wvariation in tangential tensile stresses in the
ring model at the elastic stage.

The stresses are mostly calculated for an elastic or plastic

stage:

— a solution for the stresses in a thick-walled ring subjected to
internal pressure at the elastic stage is given by Timoshenko
[11, :

— the concrete is assumed to act plastically, that is the ring
will not break until the stresses in the tangential direction at
every part of the ring section have reached the ultimate tensile
concrete stress {2].

2. EXPERIMENTAL TESTS FOR EVALUATION OF STRAINS

The variation in tangential and radial strains were investigated
on thick-walled concrete rings with inner radius a = 9 mm, outer
radius b = 50, 100, 150 mm and a height of 30 mm. The test rings
concrete mix was of the following properties:
- the aggregate was a washed river sand with a maximum size of

4 mm,

-~ compressive cube strength £ = 37,9 N.mm -,
C

~ tensile strength f = 2,8 N.mm ",
- modulus of elasticity E = 28 125 N.mm ° and Poissons ratio
v = 0,134 at stress level of about 40 ¥ of ultimate strength.
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The rings were subjected to hydraulic pressure on the inner

surface. The deformations of the rings were moniteored with
electric resistance strain gauges (length 8 mm) in the radial and
tangential direction - see Fig. 2 The o©bserved relative

tangential strains £ and relative radial strains ¢ in the ring
model for the increasing internal radial pressure p_r are plotted
in the Fig. 2. In order to show the ability of the model to carry
large strains it was importante to measure also the strains in the
fracture zone, 1i. e. where the final failure occurs due to a
crack.

3. TEST RESULTS AND DISCUSION

Fig. 2 shows that the tangential strains measured in the fracture
zone are much higher (Fig. 2b) than that obgserved outside this
zone (Fig. 2c, d, e).

Before the ring fails due to a crack in the fracture zone, under

increasing radial pressure, a strain decrease was registrated
outside the fracture zone. The following general conclusions
regarding the experminental tests may be drawn:

1. The measured tangential strains in the fracture zone reached
the maximal wvalue € .= 2,4.10 " which many times exceeds the
ultimate strain recorded at the centric tension test

-3
g, = 0,12.10 .

2. The test indicate that the observed maximum carrying capacity
of the rings, exposed to internal radial pressure are lower
than the theoretically carrying capacity at the plastic stage.
These informations indicate that the intensity of tangential
stress is considerably lower if the strain in the fracture zone
exceeds a certain critical wvalue. This fact shows that the
fictitious crack model [3] gives a realistic description of
tensile stresses in the tested rings. Based on the fictitious
crack medel it was possible to describe the state of tensile
stresses in the ring.

The ascending branch of the stress-strain diagram was determined
by means of the tensile test. The descending branch have been
determined from the strains measured just before the final failure
occurs and from the observed carrying capacity of the rings.
The carrying capacity is given by
b

J o dr = p.a (1)

a
The stress-strain diagrams of concrete for various inner radius
are shown in Fig. 3.

Fig. 4 shows the variation in the tangential tensile stresses
according to the stress—-strain diagrams in Fig. 3.

It can be seen a continual transmission from elastic to
elastoplastic stage starting from the internal surface of the ring
towards the external one. From the distribution of the stresses it
is evident that it is not possible to consider the ultimate
tensile strength evenly distributed over the cross section.

The measured load capaties of the tested concrete rings, at the
time cracks first appear, are plotted in Fig. 5. The experimental
values occur Jjust where expected, i. e. between the elastic and
plastic stages.
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Fig. 3: Stress-strain diagrams of concrete in tension
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Fig. 4: The variation in the tangential tensile stresses for the
increasing internal pressure
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Fig. 5: Load carrying capacities of the rings on occurrence of
cracking.

4. CONCLUSIONS

Realized tests confirm that by means of the elastoplastic ring
model, based on the stress—-strain diagram with an ascending and
descending branch, it is possible to analyse the state of the
tensile stresses in the transmission zone of prestressed or
non—-prestressed reinforcement. Futher tests based on the same
approach are recomended in order to obtain wvalid results for
practical design purposes.
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