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Abstract. A non-contact electrical resistivity measurement device was employed 
to indicate the early hardening process of cement asphalt emulsified mortar (CA 
mortar). It was found that this process was analogous with the hydration process of 
cement and could be categorized into three parts: dissolving period, induction 
period and setting period. The mortar resistivity first decreased and then increased 
with the elapsed time. The effect of water/cement ratio (W/C), asphalt 
emulsified/cement ratio (A/C), cement types were also explored. Results indicated 
that the increase of W/C, dosages in SF (Silica fume) extended the induction 
period; replacement of Portland cementⅡ with sulfoaluminate cement in CA 
mortar markedly increased the electrical resistivity and advanced the onset of 
setting period by 5~6 h, making it possible to prepare CA mortar with high early 
strength, which can preventing distress such as peeling and bleeding during 
construction in winter and conformance to requirements in acceptance standard.  
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1. Introduction 

China railway track system Ⅰtype (CRTS I) ballastless track has been widely used in 

Chinese high-speed railway due to its simple structure and its convenient construction 

and repair [1-3]. The cement asphalt emulsified mortar (CA mortar) filled in the 

40mm~60mm flat space between the track slab and base plate is an important filling 

material of CRTS I ballastless track, and CA mortar is an elastic interlayer, which plays 

a key role as shock absorbing of the slab track, and it consists of cement, asphalt 

emulsified, fine aggregate and a variety of organic admixtures. It is a high performance 

semi-rigid composite which combining the merits of high strength from cement paste 

and good elasticity from asphalt materials [4-6]. CA mortar is a highly flowable 

grouting material, requiring a workable time beyond 45 min. Knowledge about the 

early hardening process of CA mortar is very important to control its workability 

during pumping, which is mainly governed by the synergic cooperation of cement 

hydration and asphalt emulsified breaking [7-9]. 

There are few studies on the early hardening process of CA mortar [10-15]. In 

order to further explore the change of CA mortar properties in this process, the author 

characterized the setting process of CA mortar by the penetrating depth of a needle 

 
1 Corresponding author: Tao Wang: researcher, Metals and Chemistry Research Institute, China 

Academy of Railway Sciences E-mail:027wangtao@163.com 

 

ISMR 2020
X. Lei (Ed.)
© 2020 The authors and IOS Press.
This article is published online with Open Access by IOS Press and distributed under the terms
of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).
doi:10.3233/ATDE200218

73



 

using a Vicar apparatus. However, the specimens used in the test was CA paste (viz. 

free of fine aggregate) for the sake of testing convenience and the measurement was 

not real time. Electrical resistivity measurement, a method used in this paper, was 

primarily employed to monitor the hydration process of cement [16-18]. The works of 

the previously mentioned researchers have shown that electrical resistivity 

measurements are simple, robust and the whole process was uninterrupted.  

In the paper, a non-contact electrical resistivity measurement device was used to 

study the effect of water/cement ratio (W/C) (containing the water in asphalt 

emulsified), asphalt emulsified/cement ratio (A/C) and cement types on the hardening 

process of CA mortar.  

2. Raw Materials, Preparation and Mix Proportions    

(1)Emulsified asphalt ： cationic slow-breaking emulsified asphalt specifically 

manufactured for CRTS-I CA mortar(60% of solid content); (2) Dry-mixed mortar: 

cement-based dry-mixed mortar with 33% by weight having a particle size ＜

0.075mm, mix proportion, Cement: sand = 1.0 : 2.0 (by mass), Portland cement Ⅱ (P·Ⅱ) 

with strength grade of 52.5 and rapid hardening sulfoaluminate cement (SAC) were 

used, River sand used here had a fineness modulus of 1.4~1.6; (3) defoaming agent: 

organic silicon; (4) air-entraining agent: rosin; (5) Silica fume (SF). 

Raw material ratio by weight: dry-mixed mortar: emulsified asphalt: water: 

defoaming agent: air-entraining agent= 3:1.6:0.067:0.0004:0.004，Dry-mixed mortar: 

1103kg/m3. 

CA mortar was prepared by a mortar mixer machine, Mixing procedure: the liquid 

ingredients (water, emulsified asphalt, defoaming agent), was added at first, with a 

mixing slowly; Then, the dry-mixed mortar was added with a mixing high speed, 

Finally, with a high mixing speed to complete the CA mortar preparation.  

Table 1 listed all the other proportions for the experiment.  

Table 1. Mix proportions of CA mortar and cement mortar 

NO. W/C A/C 
P•Ⅱ SAC SF A S 

kg/m3 

W1 0.84 0 300 0 0 0 600 

W2 0.80 1.6 300 0 0 480 600 

W3 0.84 1.6 300 0 0 480 600 

W4 0.88 1.6 300 0 0 480 600 
W5 0.84 1.4 300 0 0 420 600 
W6 0.84 1.8 300 0 0 540 600 
W7 0.84 1.5 0 300 0 450 600 
W8 0.84 1.6 0 300 0 480 600 
W9 0.84 1.5 291 0 9 450 600 

W10 0.84 1.6 282 0 18 480 600 

3. Experimental Methods 

A CCR2 contactless resistivity tester was used in the experiment (Figure 1). The signal 

generator changed the 50Hz AC current into 1000Hz AC current, and then the AC 

current was amplified through the amplifier, and the AC voltage in the circuit was 
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changed through the transformer. The primary coil of the transformer was composed of 

multi-turn coils, and the secondary coil was equivalent to a one-turn ring mold, and a 

ring voltage V was applied to the secondary coil. The new cement-based material was 

poured into the mold, the cyclic current I of the sample at different times was measured 

and recorded by a small current sensor and a computer, and the resistivity (ρ) of the 

sample was calculated. Mixed CA mortar according to the mix ratio is in Table 1. 

Poured the new CA mortar rapidly into the test mold of the resistivity tester and 

vibrated, and then recorded the resistivity once a minute. The resistivity - time curve 

was obtained by recording 1d continuously [19-21].  

 
Figure 1. ACCR2 Resistivity Measurement device 

4. Results and Discussions 

4.1 Evolvement of Electrical Resistivity during Early Hardening of CA Mortar 
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Figure 2. Resistivity evolvement of CA mortar and cement mortar 

From Figure 2, it was noted that the development of resistivity in CA mortar was 

analogous with that in cement mortar, both of which experienced a slight decrease at 

CA mortar 
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first, then duration of plateau and finally a continual increase. However, the resistivity 

of CA mortar was obviously higher than that of cement mortar, which might be due to 

the presence of asphalt in CA mortar. 

The hardening process of CA mortar was more complicated than that when only 

cement was involved as the driving force consisting of cement hydration and asphalt 

emulsified breaking. The initial descending branch was obviously a consequence of 

cement hydrolysis as ions such as Ca2+, OH- and also SO2- are yielded when the 

containing gypsum contact with water. The negatively-charged ions accelerated the 

breaking of asphalt emulsified which was per se positively charged. Asphalt droplets 

started flocculating and some even deposited on the surface of cement grains, thus 

slowing cement hydration, which might partly be responsible for the higher resistivity. 

The following level branch was a result of balance between dissolution and 

precipitation. 

As documented in early reports[10,14], the hydration process of cement-based 

materials could be categorized into three periods, namely dissolving period, induction 

period and setting period, all of which could be indicated by the evolvement of 

resistivity versus time curve. Analogously, the hardening process of CA mortar could 

also be categorized as such, which corresponded to period I, II and III, respectively in 

Fig. 2. It was worth noting that the induction period of CA mortar ended 60 min later 

that that of cement mortar, which might because the minute presence of surfactants in 

asphalt emulsified retarded the hydration of cement.  

4.2 Effect of W/C on the Early Hardening Process of CA Mortar 

  

0

5

10

15

20

25

0 240 480 720 960 1200 1440
Time/min

E
le

c
tr

ic
a
l 

r
e
s
is

ti
v

it
y

/Ω
.m

W4, W/C=0.88

W3, W/C=0.84

W2, W/C=0.80

W2
W3

W4

 

Figure 3. Resistivity evolvement of CA mortar with different W/C. 

It can be seen from Figure 3, that with the increasing of W/C, the resistivity of CA 

mortar decreased correspondingly, but not as drastic as that of cement mortar. As the 

high flowbility of CA mortar called for a remarkably high W/C much as 0.80, in that 

case, the slight discrepancy in W/C among W2, W3 and W4 contributed little to the 

resistivity evolvement of CA mortar. 
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4.3 Effect of A/C on the Early Hardening Process of CA Mortar 
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Figure 4. Resistivity evolvement of CA mortar with different A/C. 

Figure 4 shows that the electrical resistivity of all CA mortar with different A/C value 

following the same variation pattern: first decreasing and then increasing. It is noted 

that the higher C/A ratio is, the lower electrical resistivity will be. As with the 

increasing amount of positively charged emulsified asphalt, the concentration of 

charged particles also increases in early stage mortar. Meanwhile, more emulsifier that 

could retard the cement is brought into the system, resulting in a slower early stage 

hardening process of CA mortar and a lower electrical resistivity. Hence, the electrical 

resistivity of W6 mortar with an A/C of 1.8 increases much slower than that of W5. 

4.4 Effect of Cement Types on the Early Hardening Process of CA Mortar 
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Figure 5. Resistivity evolvement of CA mortar with different cement types. 

According to the reference [10], cement was the main source of strength properties in 

CA mortar and had a remarkable effect on its early hardening process, which was also 

evidenced in Fig. 6. When SAC was used, the resistivity of CA mortar, especially 

during setting period, was much higher than that when P·Ⅱ was used. This was because 

that the ion concentration yielded in the hydration of SAC was lower than that in the 
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hydration of P·Ⅱ. In addition, the induction period of SAC-CA mortar came to the end 

5~6 h earlier than that of P·Ⅱ-CA mortar, indicating that the early hardening process of 

SAC-CA mortar was much faster. As a result, SAC could be employed in the 

preparation of early strength CA mortar. 

4.5 The Effects of Silica Fume on Early Stage Hardening 

Because of its small partical size, silica fume is usually used to improve the rheological 

properties of cement-based paste. The eletracal resistivity versus time of CA mortar 

with different proportion of silica fume is plot in Figure 6. 
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Figure 6. Resistivity evolvement of CA mortar with different silica fume. 

Figure 6 indicates that all of the electrical resistivity of CA mortar with different 

proportion of silica fume first decrease then increase with time. With higher proportion 

of silica fume, initially electrical resistivity of CA mortar is slightly higher than control 

group W3 because mineral admixture dilutes the ion concentration in CA mortar, 

leading to a higher electrical resistivity. While in late stage (approximately after the end 

of induction period) the electrical resistivity of CA mortar is lower than that of control 

group W3 due to the high proportion asphalt in the system can prohibit the hydration 

product from contacting the silica particles, which causing the loss of its early strength 

properties. In addition, silica fume replaces some of the cement, resulting in slower 

cementation and hardening of CA mortar and its electrical resistivity is lower than W3 

as a result. 

4.6. Application in Practical Engineering 

The low temperature in winter can lengthen the hardening time of CA mortar to more 

than 24 h and make it difficult to dismantling template in practical engineering. What’s 

worse, longer hardening time leads to reduction in strength, indicating sands and 

bubbles will separate out from the homogeneous mortar during the lengthy hardening 

period. In that case, distress such as peeling and bleeding are predictable effect in 

practical engineering.  

It is found that the winter environment temperature of construction site is lower 

and range of 1℃ to 5℃ in Yangtze river delta area, under this temperature conditions, 

T. Wang et al. / Early Hardening Process of CA Mortar Indicated by Electrical Resistivity78



 

lots of diseases appear in CA mortar layer such as subsidence, peeling and bleeding et 

al. (Figure 7 and 8). 

     

   Figure 7. Surface subsidence and bleeding        Figure 8. Surface peeling by removing track slab 

According to the above research results, the use of sulphoaluminate cement instead 

of Portland cement can shorten the setting time of CA mortar, and which maybe reduce 

the risk of diseases in low temperature construction conditions. After sulfur aluminum 

cement emulsified asphalt mortar (SACA)grouting, the 24h curing temperature of 

SACA layer is 0~6℃by continuous monitoring (Figure 9).  

   

Figure 9. CA mortar evaluation by removing track slab 

Figure 9 shows that the section of SACA layer is uniform, the surface is smooth 

without peeling, which meet the quality requirement of mortar filling board inspection. 

It is indicated that the preparation of CA mortar suitable for winter construction is 

feasible by replacing the Portland cement with sulphoaluminate cement. 

5 Conclusions 

(1) The hardening process of CA mortar could be characterized by electrical resistivity 

versus time curve which was analogous with that in cement mortar, and could be 

classified into three phases, namely dissolving period, induction period and setting 

period. The presence of asphalt emulsified retarded the hardening process. 

(2) Higher W/C and A/C extended the induction period; the resistivity of CA 

mortar was increased with the increase of W/C and A/C.  

(3) The induction period of SAC-CA mortar came to an end 5~6h earlier than that 

of P·Ⅱ-CA mortar, and the resistivity of SAC-CA mortar was also higher than that of 

P·Ⅱ-CA mortar, indicating that SAC could be employed in the preparation of early 

strength CA mortar. 

(4) Replacement of Portland cementⅡ with sulfoaluminate cement in CA mortar 

can preventing distress such as peeling and bleeding during construction in winter and 

conformance to requirements in acceptance standard. 
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