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Long-term Test Arrangement for
Externally Strengthened Reinforced

Concrete Elements
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Methods for external strengthening of concrete use elements of very high tensional strength glued on to its tensioned surface. These elements
may be of metal, carbon fibers (CFRP), glass fibers or others, usually having very good mechanical properties. However, these high-strength
elements are normally attached to concrete by epoxy resins. Epoxy resins have a low Young's modulus and therefore a higher rate of creep
may have an influence on the long-term behavior of such external strengthening. In order to verify this idea experimentally a special
space-saving arrangement of tesls is described in this paper. Panels act as loaded beams but simultaneously as a load for the other panels in a
stand. The different load magnitude acting on a different layer of panels should make it possible to study the long-term influence of the
degree of shear force on the glue creep. Certainly, the glue creep may be dependent on the type of epoxy resin; therefore several epoxy resin

types are included in the tests.
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1 Notation

G weight of load

g self-weight of panel

Gy weight of extension piece
Vs vertical load action

Vi vertical support action

M bending moment

Ly span

o coefficient

Y ratio of increments of moments

2 Introduction

Because of the durability of concrete structures, many of
them were designed for lighter live loads than are common
today. Strengthening of some their components has therefore
become necessary. Certainly other reasons for such strength-
ening may also arise, e.g., partial damage, etc.

Steel plates, composite lamellas (plates) or glass-fabric
strengthening are used for such reinforcement. They are
glued by very effective adhesives on to tensioned surface of
the structure.

Today’s adhesives, i.e., epoxy resins mostly, enable satis-
factory gluing of the strengthening elements on a construc-
tion site. However, climatic and humidity conditions should
be taken into account. The experiments described in this
paper were prepared in laboratory conditions, although in
the case of the glass-fabric strengthening the gluing over-
head without mat supporting was successfully put to the test
(see [2]).

There remains the separate problem of perfect bonding of
the strengthening element to the structure surface, which
means no slip between the strengthening element and the
concrete. According to the test results reported in [1] and also
those achieved by ourselves (mentioned in the following text),
this assumption need not be necessarily completely satisfied.

A special test arrangement focused on adhesive creep moni-
toring is described in this paper.

3 Conclusions from previous tests

In conjunction with short-term-load tests [2], long-term-
-load tests of three remaining strengthened panels were
started, with the aim of evaluating the long-term behavior of
glued fiberglass strengthening in natural open air weather
conditions under constant load. The duration of these tests
was 14 months.
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Fig. 1: Time dependent deflections of three panels strengthened
with a glass-fiber mat [2] under different load magnitudes

The load position of two solitary forces was in one third of
the span of each panel, but the strength of the load was dif-
ferent for each of them. The deflections of the tested panels
grew continually, as follows from Fig. 1. Due to illness there
was an almost nine month gap in measurements (as shown in
Fig. 1). The time behavior of the deflections indicates the sus-
picion of possible continuous horizontal displacement of the
glass laminate course against the concrete surface. The tested

27




Acta Polytechnica Vol. 43 No. 4/2003

panels were 18 months old when the long-term-load tests
 started. Therefore concrete creeping probably was not the
main reason for the displacement growth.

The problem of epoxy-resin creep in strengthening con- !

nections has come under the spotlight in tests now going
ahead at the Technical University in Brno.

3 Special long-term test arrangement
on strengthened concrete panels

Fig. 2 shows the constitutive idea of a special space-saving
arrangement of tests scheduled for a minimum of three years.

The panels in the stand in Fig. 2 act as loaded beams, but
simultaneously act as a load for the other panels. The dif-
ferent load magnitude acting on a different layer of panels
should make it possible to study the long-term influence of
the degree of shear force on the glue creep. The glue creep
may be dependent on the type of epoxy resin; therefore
several types of epoxy resin are included in the tests. Alto-
gether six stands with different combinations of adhesive and
strengthening material have been built up in the open air.

This arrangement should ensure a regular step-up of the
bending moments and also the shear forces in each layer of
the stand. For this purpose, some comparative calculations
have been made to determinate the right magnitudes of the
span of supports £ and also of coefficient o.. The following

relations have been used in these calculations:

Vertical load action

Vo =G/2. (1)
Support action
Vk=Vo+k(Go+%gé’) k=1,...,5. (2)

Forces V;, act downward on the top of each of the two
highest extension pieces (supporting the load). Forces V,
(k=1, ..., 5) act upward on the top of each of extension piece
(supporting the panels) in the five lower layers.
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Fig. 2: Long-term test arrangement for a survey of adhesive creep
(2"4 and 4" layer lie upside down)
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Maximum negative moment above the support k=2, 4:

2 2
Negative moment at the midpoint of the span k=2, 4:
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Fig. 3: Optimization result of the span of supports £, and also of
coefficient o

A simple handy computer program has facilitated the cal-
culation of a large number of possibilities, and the results of
these calculations can be evaluated from Fig. 3.

Magnitude v in Fig. 3 has the meaning of a ratio of incre-
ments of bending moments in subsequent layers of panels in
the stand, and is mathematically expressed by a relation (with
respect to the notations in Fig. 2): Relation (6) is meaningful
if it is written for layers i=k=2 and i=k =4.

Mis - M;

=1 ®6)
M; -M;_,

g:

Optimally this ratio should be equal to 1, and the nearest
value to this in the graph in Fig. 3 is the value y=0.98 for
£y/£ =074 and o = 0.40.

Consecutively if £,/¢=074, ie, for £=538 m,
£y =4.00m and for o = 0.42 the distance o - £y =168 m, then

the increments of bending moments in subsequent layers
of panels with gravity load g=8.18/5.38=1.52 kNm™ and
weight of extension pieces G,=0.245 kN equals close to
¥ 5 kNm (slightly rounded off). The increment of the shear
force follows from equation (2) and under these conditions
equals 4.34 kN. .

The magnitudes of both increments are independent of
the magnitude of the load.

4 Measurements

Both electronic and mechanical regular measurements, of
a very high level of accuracy are planned throughout the
three-year period of the tests. Exact geodetic measurements
will supplement this work. Obviously, the evaluation of the
measurements of deflections will be very sophisticated, and
therefore method to be used will be the subject of a separate
paper in the near future. Certainly, exact measurements of
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the strengthening element shift against the concrete surface
will also be carried out.

5 Conclusion

The stands have been built up and the measurements are
in progress. It is too early to-publish results of measurements,
but it seems that interesting conclusions on epoxy-resin
creeping may be achieved. Topical developments of the mea-
surement results will be published periodically.
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