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Abstract 
 

Reinforced concrete structures are damaged by corrosion or other attacks and are 

repaired by different materials. A convenient choice of a repair material is necessary. 

The repair material should be compatible with the original concrete and durable under 

different environments.  

 

The main objective of this work is to study the physical and mechanical properties and 

durability of ready mix repair mortars. The experimental study was carried out on four 

types of repair mortars (one hydraulic mortar, a micro-concrete a mortar with latex and 

a mortar containing fibers and silica fume). The properties of the repair mortars at the 

fresh and hardened states are analyzed. The effect of humid curing using Hessian 

regularly humidified, on the mechanical properties in hot and dry environment was also 

studied. 

 

The results of the experimental study showed that the repair mortar containing silica 

fume gave a better compressive strength in all curing environments. The study showed 
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also the negative effect of hot and dry environment on all types of ready mix repair 

mortars and demonstrated the importance of humid curing during early age. 

Keywords: Repair Mortars, Compressive Strength, Flexural Strength, Shrinkage, 

durability, Curing, Hot-Dry Environment. 

 

 

1. INTRODUCTION 
 

Concrete structures in hot-dry environments can deteriorate quickly due to corrosion 

and other chemical attacks. The main causes of deterioration are design deficiencies, 

poor workmanship and low quality concrete [1]. Costly repairs are usually involved and 

local engineers usually experience difficulties in selecting appropriate repair materials 

that are cost effective and with the required performance. The main concern in the 

selection of the appropriate repairing material and repairing techniques which are 

durable and suitable for hot environment conditions. Many difficulties were experienced 

by the first author, with the selection of the appropriate materials available in the local 

market and with the use of some repair mortars, in a major contract of repair and 

maintenance in Algiers. The main difficulties were the variability in the mechanical 

properties and cracking when inadequate humid curing was applied during summer [2]. 

In this paper, the performance of several ready mixed repair mortars available in the 

Algerian market are assessed under different curing environments: water at 20°C, air 

laboratory and a typical hot-dry environment in the south of Algeria. Cement based 

mortars with and without fibers and polymer modified mortar were tested for 

compressive and flexural strengths, capillary water absorption and shrinkage. The effect 

of time of wet curing on the mechanical properties is also investigated.  

 

 

2. REPAIR MATERIALS 
 

The four different ready mixed repair mortars used in this investigation are as follow: 

 Cementitious mortar referred to as R 

 Cementitious mortar containing about 7% by weight of cement of silica fume 

and about 1% synthetic fibers, referred to as MB05-A 

 Cementitious mortar with 8 mm maximum aggregate size, containing silica 

fume, referred to as MB08  

 Latex modified fine Cementitious mortar, referred to as RF 

 

3. TESTING PROGRAMME 
 

After casting and demolding, the specimens were then cured in one of the following 

conditions: 

 Water at 20°C 

 Laboratory conditions (28°C, 30%RH) 

 Air laboratory and hot weather in the Laghouat desert region in Algeria (average 

40°C, 20%RH). 

The quantity of water added to the mix was according to the specifications of the 

manufacturer and was 14% of the weight of the dry mix. Latex modified mortar was 

mixed with resin at 20% of the weight of the dry mix. The workability of the mixes was 
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measured as the flowing time by the LCPC workability meter and was about 5 to 10 

seconds for all mortars. The bulk density of the fresh mortars ranged from 2150Kg/m3 

for the RF mortar to 2300 Kg/m3 for the MB08 mortar. The tests performed on the 

repair mortars in this study included the following:  

 Compressive and flexural strengths on 40 mm x 40 mm x 160 mm specimens 

under three different curing environments at 3, 7, 28 and 90 days of age. 

 Drying shrinkage, in accordance with French standards NF P 18 432 [3]. 

 Capillary water absorption according to the French standards NF P 10 502 [4] 

 Bonding strength using 300 mm x 300 mm substrate concrete specimens which 

were repaired and tested for bond strength at the age of 28 days by drilling 5 0 

mm cores and using the pull-off test method according to the French standards 

NF P 18-852 [5] 

The results presented here are the average of four (04) specimens in flexure, eight (08) 

specimens in compression, six (06) specimens in bond strength and three (03) 

specimens for all other tests. 

4. RESULTS AND DISCUSSION 

4.1 Compressive strength 

The development of compressive strength with time for the four ready mix repair 

mortars is shown in Figure 1. It can be clearly seen that strength increases with time due 

to the hydration of the cement. Mortars MB05 with silica fume and synthetic fibers had 

the highest strength when compared to the other mortars. Higher compressive strengths 

were found for all mortars when lower water content was used [6]. 

However the fine mortar with Latex seems to lose some of its strength with prolonged 

exposure to water probably because of leaching of the Latex. The adverse effect of 

water was confirmed by testing some specimens at 28 days of age after 3, 7 and 28 days 

of water curing giving a compressive strength of 28, 25 and 19 MPa respectively. 

 

Fig. 1: Development of compressive strength with time for the used mortars when cured 

in water at 20°C 
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4.2 Flexural strength 

The development of the flexural strength with age is shown on Figure 4. A similar trend 

to that of the compressive strength is observed. The ratio of flexural strength to 

compressive strength was between 1/6 to 1/4 which is comparable to the ratio of tensile 

strength to compressive strength of 1/5 to 1/10 found on repair mortars by other 

researchers [8]. The effect of dry and hot-dry curing environments was less important 

and even some improvements at earlier ages were observed. 

 

Fig. 4: Flexural strength development with age 

4.3 Effect of dry and hot dry environment  

The effect of air laboratory environment and hot-dry environment of the Laghouat 

Algerian desert region on the development of compressive strength is shown 

respectively on Figures 2 and 3. These figures present the relative compressive strength 

of the different mortars when exposed either to air laboratory or hot-dry environment as 

compared to continuous curing in water at 20°C. It can be clearly seen that the lack of 

humidity (RH=30%) in the air laboratory affect the development of hydration and hence 

the development of strength with age. The reduction in strength was higher at longer 

term than at early age. A reduction in strength may be due to the accelerated hydration 

which results in coarser and non-uniform hydration products. The fine mortar mixed 

with resin showed, to the contrary, an increase in strength of more than three times.  

The effect of the hot-dry environment on compressive strength was slightly more than 

air laboratory as temperature was higher (average of 38°C) and relative humidity as low 

as 20%. The reduction in strength at 90 days was 49, 45 and 27% for R, MB08 and 

MB05-A mortars respectively. The MB0/5 mortar containing silica fume and synthetic 

fibers was less affected. Similar reduction in strength was observed for repair mortar 

specimens stored in a simulated Persian Gulf environment (35°C, 65%RH) [7]. A 

reduction in strength of about 50% was observed on conventional repair mortars when 

cured under hot-dry environment (35°C and 45%RH) but only little effect was observed 

on the strength of both polymer modified mortar and epoxy resin mortar [8]. 
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Fig. 2: Effect of air laboratory environment on the relative 

 compressive strength development. 

 

Fig. 3: Effect of hot-dry environment on the relative 

 compressive strength development. 

4.4 Effect of period of humid curing 

In order to study the effect of the length of the period of curing, specimens were cured 

by covering them with wet Hessian for 0, 1, 3 or 7 days and then left either in the air 

laboratory or the hot-dry exterior environment until age of testing at 28 days. The 

beneficial effect of humid curing is well demonstrated (Figure 5). Even one day humid 

curing enhances the compressive strength. The beneficial effect of humid curing was 

more pronounced with ordinary cementitious mortar R than the mortars MB05-A with 

silica fume and fibers where the effect was very small. A positive effect of increasing 

the period of humid curing was also observed on the flexural strength [6]. 
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(a) Air laboratory 

 
(b) Hot-dry environment 

Fig. 5: Effect of period of humid curing on the compressive strength. 

4.5 Shrinkage 

The variation of shrinkage with time is shown on Figure 6, where it can be clearly seen 

that shrinkage increases with time for all mortars. Latex modified mortar seems to give 

the lowest shrinkage at all ages. The reduction in shrinkage might be due to the 

reduction in moisture movement in the presence of the Latex. A reduction of shrinkage 

of more than 50% was observed on polymer modified mortar and epoxy resin mortar 

elsewhere [8]. The incorporation of synthetic fibers in mortar MB05-A, as expected, 

lowered the shrinkage as compared to the shrinkage for mortars MB0/8 and R. The 

shrinkage at 28 days was much higher than the 500 to 600 microstrain reported by other 

researchers [9] probably because of the lower relative humidity and the higher water 

content in our study. This high drying shrinkage indicates the sensitivity of cementitious 

repair material in hot dry environment.  
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Fig. 6: Variation of shrinkage with time. 

4.6 Water absorption 

The water absorption by capillary was measured by immersing one side of a mortar 

prism of an area (A) up to 20 mm height and then the quantity of water absorbed (M) is 

measured with time. The coefficient of water absorption by capillary (Cc) is then 

calculated: 

 
 

The variation with time of the coefficient of water absorption by capillary is shown on 

Figure 7. The latex modified mortar reduced drastically the water absorption and 

showed the lowest results of all mortars used. It might be due to latex which fills in the 

pores, bridges the micro cracks propagating inside the matrix and hence reduces the 

water absorption [7]. However MB05-A mortar with fibers and silica fume gave the 

highest water absorption probably because of the water absorption of the fibers. Similar 

behavior was observed when water absorption by immersion was measured on 

specimens dried for 24 hours in the oven at 105°C, then immersed in water for 24 hours 

and weighed. Hence the mortars with polymers and/or with silica fume could be 

considered as less permeable and more durable. 
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Fig. 7: Water absorption by capillary.  

4.7 Bond strength 

The test procedure calls for a partial depth core to be drilled in the test area of a repaired 

concrete slab to a depth extending into the original concrete. A circular steel plate with a 

threaded insert is then bonded with a fast-setting epoxy to the top of the unbroken core. 

The test is then performed using the pullout instrument to apply a tensile force until 

failure occurs. The failure line is noted and the bond strength calculated. Only mortar R 

and mortar MB05-A were tested. The average pullout strength was 1.35 and 1.57 MPa 

for mortar R and MB05-A respectively. These values are low compared to 3.0 and 2.9 

MPa claimed by the manufacturer and to the minimum pullout strength stipulated by 

French standards of 1.5 and 2.0 to 3.0 for non-structural and structural repairs 

respectively, but comparable to the bond strength results of similar materials tested by 

other researchers [7]. 

 

 

5. CONCLUSION 
 

Tests were conducted on four different ready-mix repair mortars to study their physical 

and mechanical properties. The results showed that a hot-dry curing environment 

adversely affects the performance of the repair mortars. The importance of wet curing 

was also demonstrated. Mortars with polymer latex had the lowest shrinkage and lowest 

water absorption and hence a better durability. The results of this study showed clearly 

that great care should be taken when using repair mortars in hot-dry environments. 
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