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Abstract

The behaviour of the interface between repairing mortars and the concrete support will
act on the properties of the bond; the water migrates from both sides of the structure and
will corrade steel bar reinforcement. This paper analyses the eftects of the nature of the
mortar, the steel reinforcement protection system and the type of surface preparation.
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1 Introduction

Water is the first cause of the alteration of the adhesion between concrete and repairing
mortars ; it may be present at the interface and act by mechanical processes (freezing),
chemical reactions (hydrolysis) or physical action (modification of interfacial forces).

It is of the prime importance to be able to understand the mechanisms of degradation in
order to be able to choice the best repairing systems and steel reinforcement protection.
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Fig. 1. Water intrusion in concrete, repair system and interface
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A lot of parameters affect the behaviour of the interfacial zone [1] [2] : in our case,
diffusion and permeability coefficient or water vapour transmission factor let us explain
these mechanisms of degradation. The information's given hereafter are an illustration of
the effects of water at the interface between repairing mortars and a repaired structure
where steel bar reinforcement is embedded at the interfacial zone.

2 Description of the phenomenon's at the interface

The interface is submitted to a double solicitation due to water :

— first, there may be water or aqueous solutions transfers, due to migration and
infiltration along this interface, or diffusion and capillar absorption from the zones just
near the one that has to be repaired. The resistance to these attacks will depend
directly to the quality of the interface : preparation of the surface, adherence,

porosity, ...

- secondly, we may observe a solicitation due to the presence of the reinforcement. Due
to corrosion, this steel reinforcement expands, inducing ruptures in the concrete
support, in the repairing mortar or at the interface. The corrosion will depend on the
possibilities of infiltration of water or other solutions at the interface, but also on the
steel protection, the alkalinity of the repairing mortar and its impermeability.

The next parameters will be studied : the repairing mortar type (Polymer Cement

Concrete or Polymer Concrete); the type of protection system against corrosion; the type

of surface preparation.

3 Description of the tests and products

3.1 Type of samples

The specimens are 4 x 4 x 16 cm samples composed with concrete support and repairing
mortar. The steel reinforcement bar is between the two layers. The support and the
repairing mortars volumes are 2 x 4 x 16 cm. The steel reinforcement of 8 mm diameter
is at the interface and immersed in the two layers, It is 12,5 cm long.
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Fig. 2. Type H sample

It can represent the situation where we have a repairing system applied on a concrete
support after sandblasting or hydrojetting surface preparation.




This repairing system is of course not the best situation but the aim of the test is the
analysis of the behaviour of the mortars or the coatings as protection systems against the
corrosion of steel.

3.2 Concrete support

The support is a standardised mortar according to EN 196 : sand; cement, water.

The cement used for the mix was Portland cement with 11 % Cs;A. It is minimum 28
days old. The preparation of surface was of two types :

- sandblasting of the support and the reinforcement;

- brushing with metallic brush of the support and reinforcement.

3.3 Repairing systems and steel protection

We used systematically impregnation layers for PC mortars and slurries for PCC mortars
in order to promote adherence. The protection of steel reinforcement was realised with :
a) nothing;

b) isolation primer (epoxy resin),

¢) anodic primer (organic coating with inhibitor pigments),

d) alkaline primer (mineral coating with inhibitor pigments).

All the products in this research were used in accordance with specifications of
manufacturers. Table 1 gives the information's on the systems tested.

Table 1. Description of the systems tested

System Mortar  Reinforcement Bonding Remarks
nr type protection layer
A PC epoxy resin epoxy resin same material for protection and
bonding laver
B PC €poxy resin epoxy resin idem
C PC (low epoxy resin €poxy resin idem
density)
D PC lead silichromate  epoxy resin 24 h between protection and
bonding layers
E PCC epoxy resin cementitious slurry 24 h interval
F PCC epoxy resin cementitious slurry 2 protection layers; 24 h
between protection and bonding
tayers
Gl PCC epoxy resin diluted mortar with 2 protection layers
polymeric emulsion (2 x 300 ml/m?); 24 h interval
G2 PCC cement modified diluted mortar with 2 protection layers
with polymers polymeric emulsion (2 x 500 m¥/m?); 3 h interval
G3 PCC monocomponent diluted mortar with 2 protection layers
resin without polymeric emulsion (2 x 100 ml/m?)
solvent
H PCC cement modified 2 protection layers;
with polymers 24 h between protection and
bonding layers
I PCC gpoxy resin Portland cement with 2 protectton layers + sand,;

polymeric emulsion 24 h interval




4 Ageing cycles

Five types of ageing were organised in order to test the durability of the repairing
systems and steel protection :

Ageing 1 : demineralised water

The samples are vertically posed (4 x 4 cm) and half-immersed in water during one week;
they are reversed and posed in the same conditions the next week. The water is removed
cach week and the cycles are repeated respectively for 6, 12 and 24 months,

This alterned immersion promotes phenomenon's of capillar absorption and evaporation.

Ageing 2 : artificial seewater
The composition of the artificial seewater is given in table 2; the cycles sequency is the

same than for ageing 1.

Table 2. Composition of artificial seewater

Product Concentration (/1)
NaCl 30

CaS O.a 1,5

MgS O..; 6

Ageing 3 : natural ageing in industrial environment (Vilvoorde, Belgium)
The samples are posed on their face 4 x 4 cm.

Ageing 4 : natural ageing in rural environment (Hofstade)
The samples are posed on their face 4 x 4 cm.

Ageing : Kesternich cycles
The 80 Kesternich cycles are realised in accordance with ISO 3231 : Painis and

varnishes — Delermination of resistance to humid atmospheres containing sulphur
dioxide (1974).

Only the results of ageing 3 and 4 are presented here.

5 Results of the tests

The quality of the repairing mortar was evaluated by means of visual observations and
pull-off tests. Table 3 gives the results of the tests; the observation of the type of rupture
is given by the percentage of rupture at the interface. The results are the mean of
minimum 3 tests and are realised only the samples type H (reinforcement in the plane of
the interface).




Table 3. Adherence of repairing systems

System  Surface Ageing  Ageing Adherence Percentage of rupture

type preparation type time at interface or in the
(1) (2) (months)  (N/mm?) mortar

A S 3 12 3,81 33

A S 3 24 3,95 38

A S 4 24 421 0

A B 3 12 3,62 40

A B 3 24 3,51 25

A B 4 24 4,01 13

B S 3 6 4,32 25

B S 3 12 4,39 55

B S 3 24 4,88 60

B S 4 24 4,09 27

C S 3 24 2,54 37

D S 3 24 5,18 0

E S 3 24 3,02 100

F S 3 24 3,08 13

F D 4 12 3,83 30

Gl S 4 12 2 100

G2 S 3 12 2,10 100

G3 S 3 12 0,58 100

H S 3 24 4,22 100

1 S 3 12 1,22 100

(1 S = sandblasting B = brushing

(2) 3 = natural industrial environment 4 = natural rural environment

The results of the visual information's are long to be presented here. However, some

general considerations can be given .

- there is no problem (no separation, corrosion,...) for systems A, D, E and H;

— for the other systems, the degradation is almost always a separation of the two layers
initiated at one or the two edges of the sample, It concerns almost exclusively sample
type H (where the reinforcement is in the plane of the interface),

— for the samples type C, the degradation is observed from 12 months ageing;

— for samples type F, the industrial ageing seems to be more aggressive than natural
rural ageing.

The photo's hereafter present some types of degradation’s.
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Photo 1. System C - sandblasted - ageing 4 - 24 months :
sticking oft the two extremities of the sample

Photo 2. System F - brushed - ageing 3 - 12 months :
sticking off from one extremity of the sample




6 Analysis of the results

One Polymer Concrete and two Polymer Cement Concretes are presenting a good
behaviour for durability. The next conclusions can be given.

6.1 Sandblasting

— For one PC mortar, 3 reinforcement protection systems were used (A, D and H). We
observed no degradation for the two types of natural ageing and for the three types -
isolator, anodic or alkaline - of primers. The adherence is always greater than
3,5 N/fmm?,

— For the 2 other PC mortars, we observed beginning of sticking off after 12 months
exposure in industrial atmosphere. One of the two presents also degradation in rural
ageing after 12 months.

— For one of the PCC mortars, 3 reinforcement protection systems were experimented.
For the anodic type, we observed a total separation of the two layers after 24 months
exposure in industrial area. For the alkaline primer, some beginning of sticking off was
observed on some samples after one year in industrial or rural atmosphere. The
samples exposed during 24 months didn't present any degradation. For the anodic
primer, same conclusions can be given.

— For the three other PC mortars, two of them didn't present any degradation (H and
E). However, the third one showed some sticking off after 12 months of rural or
industrial exposure.

6.2 Brushing

The best mortar of each category (PC and PCC) was applied on brushed support. The
PC mortar didn't present any degradation while PCC mortar was completely
disconnected from the support after 24 months of industrial exposure.

6.3 Adherence

The mortars presenting low adherence values (G and 1) present also sticking oft for the
ageing concerned. Among the mortars giving good adherence values (> 3 N/mm?), the
degradation percentage is generally low, except for mortars B and C (PC) and mortar F
(PCC) applied on brushed surface.

A good initial adherence is so a necessary - but not sufficient - condition to assure the
durability of the repairing system.

6.4 Initiation of the sticking off

The separation or sticking off is due to the corrosion of the steel reinforcement. This
corrosion is, for all the cases, initiated from the immersed edge in the repairing mortar,
when this part is protected by a primer. In the case of alkaline primers, the corrosion is
generalised.

In the case of primers based epoxy resins, the corrosion begins at the junction line with
the support.




6.5 Adherence of the reinforcement protection

In the case of a cohesive rupture in the support, the steel reinforcement is generally
protected when the rupture is of adhesive type in the mortar or at the interface, we
observe also a rupture at the interface between the steel bar and the support, except for
samples 1 E, G1, I : ruptures between primer based epoxy resin and the mortar; G2 :
rupture between alkaline primer and the mortar; G3 : rupture in the primer based resin.

7 Conclusions

When high quality mortars {non porous materials) are used, steel corrosion generally
begins at the interface between the two layers. This corrosion is essentially due to a loss
of alkalinity at the interface and may propagate if the adhesion is not sufficient.
The preparation of surface seems to be essential because we observed that alkalinity was
better preserved in case of sandblasting than for metallic brushing.
The repairing on the face 40 x 40 mm is not so hard that the one realised on the plane 40
x 160 mm, due to a difference of contact surface. It is always necessary to clear the steel
bar to avoid the creation of the interface along its axis.
The three epoxy mortars present different behaviours : one is perfect while the other was
degraded during natural ageing : the fissuration was probably due to internal tensions in
relation with thermal shocks.
The four PCC are presenting the same dispersion in their behaviour. The best epoxy
mortar is minder sensible to the quality of surface preparation than the PCC's : the
wetting properties of epoxy resin are higher than water.

At the point of view of the ageing, we observed that :
— all the mortars presented good performances in natural ageing; :
~ the PC's offer a better chemical resistance in sulphuric and natural industrial

atmosphere;
- we observed a very good correlation between natural industrial ageing and 240 cycles
of 1 day of Kesternich ageing.

But as it is often the case in civil engineering applications, the quality of the work is the

first condition influencing durability.

8§ Acknowledgements

The results are the part of a larger research program sponsored by the Walloon Ministry
for Research and New Technologies, with the help of the Walloon Ministry of
Equipment and Transport, Belgium.




9 References

1.

[P

Courard, L. and all.(1995) Influence of composition of repairing mortars on
adherence. In VIII International Congress on Polymers in Concrete, Oostende,
pp. 119-124,

Pareek, S.N. Improvement in adhesion of Polymeric Repair and Finish
Materials for reinforced Concrete Structures . Nihon University, College of
Engineering, Doctorate thesis.

Vaneetveld, B.(1990-1991) Etude de 'endommagement créé dans le béfon sain
lors des opérations de décapage. Université de Liége, Faculté des Sciences
Appliquées. Travail de fin d'études.

Jutnes, H., Oye, B.A,,(1995) SINTEF Structures and Concrete, Norway.
Capillary Suction of water by polymer cement mortars. /n RILEM Symposium on
Properties and Test Methods for Concrete-Polymer Composites, Oostende,
pp. 29-37.

Ohama, Y. and all. Nihon University. Adhesion of polymer modified mortars to
ordinary cement mortar by different methods. /n Proceedings ISAP 86 Adhesion
between polymers and concrete, Aix-en-Provence, pp. 719-729.







The Gimsgystraumen Bridge Repaic Project 939
AA. BLANKVOLL

Numerical-Experimental Assessment of CFRC as Repair Materials 949
M. BOULFIZA, N. BANTHIA and K. SAKA]

Thermal-Sprayed Anodes for Cathodic Protection of Reinforced Conerete Bridges 959
S.J. BULLARD, 8.D. CRAMER, B.S. COVINO JR, G.R, HOLCOMB, G.E. MCGILL and R. REIS
Electrochemical Measurements for the Evaluation of the Corrosion State of Bridge Decks
Reinforcement 969
R. CIGNA, M. MELONI and G. PERONI

Effect of Water Pressure on Concrete Strength 978
N.CLAYTON

Analysis of the Resistance to Water of the Interface Between Concrete and

Repairing Systems: Experimental Approach 988

L. COURARD, R. DEGEIMBRE, J. WIERTZ and M. VAN DE PUT

The Behaviour of Coatings on Concrete Supports in Relation with Different
Forms of Water Attack 947
L. COURARD, R. DEGEIMBRE and J. WIERT?Z,

Automatic Monitoring for Control of Steel Corrosion in Concrete Structures 1007
I ERL §.H. VELITALO, O.E. GIBRY and F. PRUCKNER

Corrective Maintenance of Prestressed Concrete Bridges 116
C. FLOHRER '

Study of Injecting Materials for Repairs of Concrete Structures 1026
K. FUKUSHIMA, Y. MORI, H. UMEHARA

Electrochemical Chloride Extraction on Salvpy Bridge 1035
K.A. GREFSTAD, M. LANGETEIG, J. HALDEN and B.V. FREDRIKSEN

Impact Behaviour of Fiber Reinforced Wet-Mix Shotcrete FH5

P. GUPTA, N. BANTHIA and C. YAN

Performance and Repair of the Structures of Robert Maillart 1055
E.M. HINES and D.P. BILLINGTON

Corrosion Rates in New and Repaired Slabs 1065
R.D. HOOTON and J.M. PHILLIPS

Load-Carrying Capacity of Damaged and Repaired Concrete Structures 1075
G. HORRIGMOE and A. TGRLEN

Structural Surveillance, Assessment of Structural Conditions and

Rehabilitation of an Industrial Plant 1086
K. HBYIL.AND
Ductility of RC Columns Retrofitted with CFRP Sheet 1096

K. IMAL T. KORENAGA and J, KOBAYASHI

Basic Study of Electrochemical Rehabilitation of Carbonated and Chloride

Contaminated Concrete Structure 1106
K. ISHIBASHI, M. ASHIDA, H, UDAGAWA, F. TOMOSAWA, A. SHIMIZU,

Y. MASUDA, M. ABE and T. KAGE

Strengthening of Existing Conerete Structures: New German Techniques Hi6
G.IVANYI and W. BUSCHMEYER

A Non-Destructive Testing Method on the Defect in Steel and Concrete Composite Structure 1126
S. KAKUTA




