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1. Introduction

Setting is considered as one of the important properties of concrete at early ages which affects the long-term
behavior of concrete. Standard tests are available for monitoring the setting process of cement paste and mortar
which do not consider the concrete. In this study, ultrasonic pulse velocity (UPV) method has been used to evaluate
the setting process of concrete made without/with rice husk ash (5%, 10%, 15% and 20% by weight) and different
water-to-binder ratios (0.4, 0.5 and 0.6). By following Reinhardt and Grosse [1] scheme, a specially ultrasonic
monitoring apparatus was made which can measure the UPV at any desired intervals after casting. Moreover, by
concerning the results obtained from penetration resistance test along with UPV findings, a good coherence is
derived in evaluating the setting times of concrete.

2. Experimental study
2.1. Materials

Totally, 18 different mixtures containing 0-20% RHA with water-to-binder ratios of 0.4 - 0.6 were prepared in
this study. Type I Portland cement (OPC) and natural pozzolanic Portland cement (PPC) produced in Khazar cement
factory, Guilan, Iran, was used. The required RHA was supplied from the north of Iran. This product had a high
content of silica (>90%) by weight and was obtained by burning at relatively high temperatures in the range of
650°C following the recommendations found in the literature. The fine and coarse aggregates were washed river
sand and crushed limestone, respectively. The utilized superplasticiser was a polyethylene sulphonate.

2.2. Testing device

A monitoring system, which can measure the UPV at any desired intervals after casting, was constructed by
following Reinhardt and Grosse [1]. As shown in Fig. 1, this system consists of two 500x200x40-mm acrylic plates,
a 500x150x30-mm U-shaped rubber foam container, a commercial UPV measurement device and two ultrasonic
transducers. Each acrylic plate had a circular hole of 34 mm diameter and 20 mm depth at its mid-height. A
transducer was fitted into the hole and pushed. Fresh concrete was then poured in the container and compacted.
Then, measurements started immediately after casting and continued for 36 hours.

3. Results and discussion
3.1. UPV curves

The schematic diagram of the UPV measurement is illustrated in Fig. 2. It can be seen that the UPV curve is S-
shape and can be clearly identified into three stages [2]. In stage I (A—B), the UPV value is almost constant and not
changed significantly. This stage is known as dormant period. in stage II (B—C), the water-saturated porous solid
structure becomes more and more connected as newly formed hydration products fill in the pores; thus, the UPV
increases. This stage is known as acceleration period. Finally, in stage III (C—D), as the volume of pores is
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decreased by filling of hydration products, the UPV levels off and approaches its asymptotic value in the solid
structure. This stage is referred as deceleration period.

A Stage . Stage Stage
| 11 111

. R >

S D

o

g C

[0

w

=

a

Q

=

?

2 B

5|1 A

Time

Fig. 1. A view of testing device Fig. 2. The schematic diagram of the UPV measurement [2]

3.3. Effect of w/b

According to the experimental results obtained, it could be generally stated that the concretes with different w/b
ratios exhibit similar trend. The UPV values keep almost constant during dormant stage. This fact was explained
based on the theory that ultrasonic waves propagate through the phase of viscous suspension, which is initially
common among all specimens. After point B, UPV values rapidly increased with time at different rates to point C,
and finally come near to an asymptotic value gradually. In general, a shorter dormant period and larger ultimate
UPYV value can be observed for concretes with lower w/b ratios at later age.

3.4. Effect of cement type and RHA

The results showed that the changes of UPV values for OPC concretes with different RHA replacement and PPC
concretes are not significant at very early ages. Generally it can be stated that the control OPC concrete (without
RHA) has a shorter dormant period and higher UPV value than PPC concrete. This trend for RHA concretes is more
notable with an increase in RHA content. This is to be expected to be because replacing cement by RHA retards the
hydration reaction. Thus, the setting retardation of RHA concretes may depend on the RHA content.

3.3. Setting time

The development of methods to determine the setting times of fresh concrete benefits its practical application.
For mortar or concrete, the setting time is determined by penetration resistance test on the sieved mortar according
to the ASTM 403 [3]. The differential calculation is performed on various concretes as has already been proposed in
Ref. [4]. The UPV differential curves and penetration resistance test are shown in Fig. 3. Generally, it can be stated
that the lasting times for dormant stage and arrival time at maximum UPV changing rate are almost equal to the
initial and final settings, respectively. Therefore, the setting time might be distinguished by the UPV curves and
relating differential curves.

4. Conclusions

An ultrasonic monitoring system has been used to successfully measure the UPV of fresh concrete . The
UPV development curves of all specimens resembled a curve that consists of three recognizable stages. At very
early ages in first stage, the UPV values of all concretes were almost equal and constant. This was theoretically
explained that ultrasonic waves propagate through the phase of viscous suspension, which is initially common
among all specimens. The UPV profiles at later ages (stages II and III) differed from each other because of higher
values of water-to-binder ratios and rice husk ash additions lead to higher degree of retardation in the hydration and
the microstructure formation processes of concrete. Moreover, it can be stated that the control OPC concrete
(without RHA) has a shorter dormant period and higher UPV value than PPC concrete. Finally, the results showed
that the setting times might be determined by the UPV curves and their differential curves.
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Fig. 3. Typical UPV differential and penetration resistance test curves.
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