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Abstract 

A modified silicone type thermoset polymer additive effect on impact energy absorption 

capacity (EAC) values of cement pastes exposed to thermal cycles in water was investigated 

with a series of Charpy impact tests. The thermoset type polymer (MSP) material was added 

with different amounts in the cement and water mixes. The polymeric additive used in this study 

was in liquid phase while adding into the fresh cement mix and started to solidify by 

polymerization after being mixed well in the cement paste. The MSP based product was 

selected to use because of its ability of polymerization in contact with water. Although EAC 

values of specimens cured under a constant temperature were found to slightly decrease, the 

strength loss due to thermal cycles was found to be much limited as a result of using the MSP 

type thermoset additive. Therefore, the additive tested in this study was assessed to improve the 

impact resistivity of the cement pastes and mortars against the thermal changes. Depending on 

the additive amount in the mix and thermal change details, MSP added specimens were 

determined to have notably higher EACs than those of the specimens with no polymer additive. 
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1. Introduction 

Many important seasonal changes like those in temperature, water content and air humidity are 

generally neglected in civil engineering designs and analyses. In addition to the annual changes, 

there are also significant daily changes depending on the region climate. The daily changes can 

be rapid and make damages in repeating periods. In the continental climate, it is possible to see 

more than 30 °C temperature differences in a day. Especially for long-term service life times of 

concrete materials, effect of thermal changes in repeated cooling and heating cycles on the 

mechanical properties is an important topic for engineering projects (Jena and Panda, 2018; 

Komurlu and Kesimal, 2015). As another matter, water saturated and unsaturated conditions 

are also important in the seasonal changes effect on the concrete materials. Especially, 

temperature changes causing the freezing and thawing cycles can make notable damages in case 

of having water saturated voids.  

From the various point of views, their high brittleness can be assessed as the most important 

disadvantage of concrete materials. The brittle characteristic causes an immediate loss of the 

load bearing capacity as the maximum load is achieved. The cement paste is the binder matrix 

in the concrete mixes which are very famous composite materials including aggregates with 

different size distributions. With an increase in the cement paste material ductility, energy 

absorption capacities of concrete mixes increase under both static and dynamic load conditions 

(Fantilli et al., 2016; Sakka and Gilbert, 2018; Pam et al., 2001). The increase of concrete 
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material ductility supplies significant advantages in different dynamic load conditions like those 

of earthquake, various impact and repeated loads (Hung et al., 2014; Senthil, 2016; Komurlu 

and Kesimal, 2012). The high brittleness property also causes the poor thermal resistivity of 

concrete materials. Because the crack propagation resistivities of the brittle materials are quite 

poor, they are easily disintegrated owing to the thermal strain cycles. 

Polymeric additives are popular to improve crack propagation resistivity, ductility and energy 

absorption capacity of the concrete materials. In general, polymeric reinforcements are used in 

the form of fiber additive in the concrete mixes. Use of the fiber reinforcement in the concrete 

mixes can also improve the resistivity against thermal strains (Yaragal et al., 2015; Yaragal and 

Ramanjaneyulu, 2016; Marthong, 2019). Besides of the fiber products, a new method of using 

liquid phase polymers in concrete mixes were investigated within this study.  

For the aim of improving cement paste material ductility and the thermal resistivity, a MSP 

based thermoset was used in the cement and water mix in this study. Because thermoset 

polymers are in liquid phase before their polymerization reactions, they are usable for 

homogenization of the cement paste mixes. Effect of the water on thermoset polymerization 

reactions and self-strength values of the additive are important points in terms of selecting a 

proper polymer product. Additionally, viscosity and solidification time of thermosets are 

significant parameters for the workability of the fresh cement mixes. Although polymerization 

reactions of thermosets are typically completed within a day, a notable solidification only takes 

one hour. Therefore, fresh cement adhesion to the polymer surfaces is an important factor for 

the strength of the composite cement pastes. 

Within this study, a modified silicone polymer (MSP) product was investigated as a cement 

paste additive. MSP thermosets are synthetic polymers and also known as modified 

polysiloxanes or MS Polymers which are used as strong sealants and preferred due to high 

adhesive performances on both dry and moist surfaces. The MSP is a liquid form of adhesive 

and looks like a gel before its polymerization. It keeps its elasticity and stability in both high 

and low temperatures. Furthermore, MSPs which are resistant to moisture and weathering can 

polymerize and solidify in contact with water (Owen, 2017; Komurlu, 2020; Zander and Peng, 

2018; Magalhães et al., 2019). Therefore, it was expected to properly use a MSP based additive 

in cement paste mixes. The aim of using a thermoset additive is to be a kind of reinforcement 

in cement mixes. To assess its usability for improving resistivity against different thermal 

change and water saturation conditions, polymer added cement paste mixes were investigated 

with a series of dynamic (impact) load tests as detailed in the following title. 

In a previous work carried out by Komurlu (2020), the same MSP additive was used and found 

to improve the ductility of the cement pastes under static loading tests. As a motivation of this 

study, the impact resistance of cement pastes was predicted to also increase because of the 

improved ductility property by the additive used.  

 

2. Materials and Methodology 

In this study, CEM 1 type ordinary Portland cement was used in the mixes to investigate the 

effect of the thermoset polymer additive on results obtained from the Charpy impact test. In the 

mix, the water to cement ratio was 0.45 by weight. There were three different cement mix 

groups with no polymer, 3% and 6% polymer additives by weight. It should be noted herein 
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that the percentages are the ratio of polymer additives to total mix (cement + water + polymer) 

weights. The paste mixes were homogenized in a concrete mixer for 8 minutes. The Charpy 

impact test specimens were casted into moulds with the the sizes of 22 mm x 22 mm x 80 mm, 

compacted using thin tamping rods, and put on the vibration table to remove air in fresh mix. 

The Charpy impact test equipment which is convenient for the cementitious specimens were 

used in the experimental studies. As the hammer of the Charpy test is dropped, the impact energy 

was applied on the specimens. The three point bending effect was induced under the immediate 

load condition as the falling hammer applies load to the specimens. Specimens used in this 

study is seen in Figure 1. In the Charpy impact test, specimens with the curing time of 14 days 

were used (Figure 2). 

 
Figure 1. Specimens used in this study 

 

 
Figure 2. a) The Charpy impact test equipment, b and c) raising the hammer, d) hammer after fall  
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In this study, the Charpy impact test, a widely applied impact strength determination test for 

various materials such as metals, polymers, cementitious materials and ceramics was performed 

to determine the fracture energy of cement paste specimens. In the Charpy impact test, beam 

specimens are hit by a hammer carried on a pendulum which is allowed to fall freely to supply 

impact energy. As the hammer hits to a specimen, an amount of energy is consumed for crack 

propagation. To measure the energy consumption amount, the height difference between the 

initial position and which the pendulum rises after failure is recorded by a pointer mounted on 

the dial. 

To investigate thermal changes effect on the energy absorption capacity values of the cement 

paste specimens, a refrigerator at 3 °C and a stove at 90 °C were respectively used for 16 cycles 

(Figure 3). There were two water tanks in the refrigerator and the stove. Specimens with and 

without the polymer additive were immersed in the water tanks together and had totally same 

thermal change procedure in water. After a 5 days curing time, thermal cycles were started. In 

the thermal change procedure, heating at 90 °C (120 minutes) and cooling at 3 °C (120 minutes) 

were carried out twice a day for eight days. Specimens were kept out of water at the end of the 

daily thermal cycles. To speed up the effect of the thermal cycles, temperature changes were 

applied immediately making a thermal shock in water. At the end of the cycles, specimens were 

kept out of the water for a day. Specimens which were not exposed to the thermal cycles were 

cured in the room temperature and not kept in water. Totally, 18 specimens were used in the 

Charpy test and 9 of them (3 for each MSP amount) were exposed to thermal cycles.  

 

Figure 3. Stove (a) and refrigerator (b) used in the thermal cycles 

 

3. Results   

Results obtained from the Charpy impact test are given in Table 1. According to results of this 

study, impact energy absorption capacity values of cement pastes kept under a constant 

temperature were found to not highly change with an increase in the amount of the MSP based 

additive. On the other hand, the MSP additive was found to make specimens more resistive 

against EAC loss after thermal changes. It is a remarkable outcome of this study to obtain 24% 

higher EAC values from 6% MSP added specimens in comparison with those of no polymer 

added and thermally cycled specimens. As seen in Figure 4, the MSP additive supplies 

improved EAC performances for the specimens after thermal cycles. 
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Table 1. Results obtained from the Charpy impact test (TC: thermal cycles) 

Specimen type Mean EAC 

without TC (J) 

Mean EAC after 

TC (J) 

EAC loss after 

TC (J) 

Spec. with 0% MSP 61 38 23 

Spec. with 3% MSP 57 42 15 

Spec.with 6% MSP 55 47 8 

 

 
Figure 4. Graphical shown of the Charpy impact test results 

 

4. Discussions and Conclusion 

As an advantage of the MSP additive, impact energy absorption capacity (EAC) values of 

thermally cycled cement paste specimens were found to improve significantly. It is a well-

known fact that the EAC values increase with an increase in the ductility (Akhavan et al., 2017; 

Komurlu, 2019; Najim et al., 2018). Komurlu (2020) reported that the ductility of the cement 

paste materials are improved by the MSP additive. EAC values and the ductility can be stated 

to be improved by an increase in the crack propagation resistivity property (Su et al., 2017; Shi 

et al., 2020; Joshi et al., 2018). Because significant load capacities can be maintained under the 

plastic strain interval, ductile deformability characteristics of the polymeric materials make 

their usage advantageous in terms of having high energy absorption capacities (Komurlu and 

Kesimal, 2017; Komurlu et al., 2017; Wang et al., 2011). Strength is also a determinative 

property for the EAC values. Instead of a direct EAC improvement, the MSP additive was found 

advantageous in terms of its supply of EAC loss resistivity against the thermal shocks. 

Because mechanical properties of polymer materials vary within a high range, a product should 

be individually and carefully investigated to assess about its usability (Korey et al., 2020; 

Komurlu, 2018; Komurlu and Kesimal, 2016). Depending on the production details, same type 

polymer materials can exhibit significant variations in their strength values. Therefore, self 

properties of a product should be examined instead of considering typical mechanical property 

values of a polymer material. Different thermosets can be investigated for the aim of making 

better strength and ductility properties of cement pastes. The material properties of candidate 

thermosets should be known before the investigation of usage to foresee an undesired result. 

For instance, some of the sealants like acrylic based thermoset products have a disadvantage of 

deterioration because of contacting with water during polymerization reactions (Jiang et al., 

2019). It should be reminded herein that the key property of a usable cement paste additive is 

the ability of proper polymerization in contact with water. 
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The thermal strains can make significant damages as it is a well-known properties of the brittle 

concrete materials (Heidari-Rarani et al., 2014; Khan et al., 2020; Baker, 1996). In this study, 

repeated thermal shocks in water were applied to the cement pastes to investigate whether the 

thermoset type additive is usable to improve the resistivity against the temperature changes. 

Depending on the thermal cycle details like temperature differences and the repeat number, the 

MSP added cement mixes were assessed to be able to have higher impact strength values than 

those of the specimens without the polymeric additive. Considering the EAC values, thermal 

resistivity in water was found to be notably bettered using MSP thermoset additive in the mix.  

Since the loss in the EAC values are significantly limited by the additive, it is possible to foresee 

for further thermal cycles to obtain higher differences in the EAC values of MSP added mixes 

and the specimens without the additive. To deal about costs, it can be noted that price of the 

additive used in this study is about 4 USD/ kg. In first, the cost may seem a bit high. However, 

the additive can be economical depending on the engineering aims. The thermal resistivity in 

water is a quite important property for long-term service life times of various engineering 

constructions such as piers and concrete footings in water.   

As a conclusion, it can be noted that the EAC and thermal resistivity were determined to be 

improved by using the MSP type thermoset polymer additive. To extend the service life times 

of concrete materials exposed to the temperature changes in water, the MSP thermoset polymer 

additive was found to be usable. 
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