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Polymer cement mortar (PCM) is widely used as a repair material for RC structures. The polymer
mixed in the PCM is used to increase the adhesion to concrete. On the other hand, PCM is more prone
to spalling at high temperatures than mortar without polymer. However, the details of the spalling
behavior of PCM at high temperatures are still unclear.

The authors evaluated the fire spalling properties of PCM restrained by a steel ring. We also analyzed
test data on the mechanism of spalling phenomenon. The polymer is a product that conforms to JIS
A 6203: 2015 (Polymer dispersions and redispersible polymer powders for cement modifiers). The
types of polymers were Acryl (PAE), Ethylene/vinyl acetate (EVA), and Vinyl acetate/ vinyl versatic
acid (VVA), respectively. The mass ratio of polymer to cement (P/C) was 2.5 to 20%. The mass ratio
of sand to cement was 2.5, and the mass ratio of water to cement was 0.5. In addition, a normal cement
mortar (NCM) was used for comparison. The heating condition was the RABT30 curve. The scale of
damage caused by the spalling was evaluated based on the distribution of the spalling depth on the
heated surface. In addition, the restrained stress and the water vapor pressure were measured during
the heating of the specimen.

As a result of the heating test, the scale of damage caused by the spalling of PCM specimens was
larger than that of NCM specimen. In addition, PCM specimens with P/C=5 to 20% was more
damaged by the spalling than NCM specimen. On the other hand, PCM specimen with P/C =2.5%
had the same damage as NCM specimen. During heating, PCM specimens with P/C=5 to 20%
repeatedly spalling and did not stop. The conditions for PCM specimen spalling are (1) increase in
restrained stress due to heating, (2) tensile strain failure due to Poisson's effect, and (3) extrusion of
failure pieces due to water vapor pressure. And these conditions work in combination, causing
spalling. Also, the temperature at which the spalling occurs is lower than the combustion temperature
of the polymer. Therefore, it was found that the polymer was not burning when the spalling occurred.
When the polymer blocked the movement of water during heating, then water vapor pressure was

easy to increase, as a result, spalling occurs. The spalling occurrence condition is satisfied and the



spalling was easy to occur during heating. In addition, the boundary conditions for P/C blocking the
movement of water were estimated to be between 2.5 and 5%.

Next, the effect of preventing spalling when nylon fiber was mixed in PCM was examined. The effect
of preventing spalling was evaluated in comparison with PCM without fibers. As a result, the smaller
the P/C and the larger the amount of nylon fibers mixed in, the less the spalling occurred. Furthermore,
the mechanism when spalling does not occur was evaluated by restrained stress and water vapor
pressure. Tensile strain fracture also occurred when spalling did not occur. It was also confirmed that
the water vapor pressure was gradually relaxed. The relaxation of the water vapor pressure was caused
by the change in the state of the nylon fiber under high temperature. Nylon has a glass transition
temperature of 50°C and a melting point of 215°C. Therefore, when the temperature of the PCM
specimen rises, the adhesion between the nylon fiber and the mortar is peeled off and the volume of
the nylon fiber is reduced. As a result, space is formed. For that reason, water vapor moves to that
space, and the water vapor pressure is relaxed.

Finally, the heating test results of the steel ring specimens and the RC beams were compared. The
three types of RC beams used concrol RC beams and repaired RC beams with PCM, repaired RC
beams with PCM added Nylon fiber, respectively. The control RC beam was 100X 150 X 1500mm
(W XHXL). Two main reinforcing bars were placed 25 mm from the heating surface. The repaired
RC beam was made PCM with a thickness of 50 mm from the heating surface, and the rest was made
of concrete (NSC). The RC beams were repaired with PCM without fibers and PCM mixed nylon
fibers. The PCM was P/C=10% and 0.5vol% of nylon fibers was mixed. The heating condition was
the RABT30 curve. As a result of heating the RC beam, the heated surface of the control RC beam
was slightly damaged. In addition, the RC beam repaired with PCM mixed with nylon fibers did not
spalling. On the other hand, the RC beam repaired with PCM without fibers were damaged by the
spalling. As a result, the main reinforcing bar was exposed. Furthermore, a specimen was prepared
by filling a steel ring with NSC, PCM without fibers, and PCM with fibers, and heated. As a result,
the damage caused by the spalling of those specimens was similar to the heating test results of RC

beams.



