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ABSTRACT. The Slump Test is the most widely-used method of measuring the workability of fresh 
concrete. This involves sampling concrete directly from a ready-mix truck which wastes many 
thousands of cubic metres of the material that should be poured into the building or structure. This 
paper outlines the development of a Probe (a sensor) that can be mounted into the drum of a ready-
mix concrete truck to monitor the concrete workability in real time. It can also measure the concrete 
temperature, drum speed and the volume of concrete in the drum.  
 
The workability is first assessed by measuring the normal pressure applied on the Probe by the 
concrete inside the drum while the drum is turning. Then by measuring that pressure at different 
speed, one can get a rheological profile from which viscosity and yield stress can be determined and 
hence the Slump of the concrete can be estimated with a reasonable degree of accuracy. 
 
This data can be checked on a display mounted directly onto the truck or sent to a remote monitoring 
location. This paper also discusses some aspects of the measurement accuracy. 
 
 
1 INTRODUCTION 
 
   Concrete workability and its measurement has been the subject of many papers and books. The slump test is still the 
most common parameter used to evaluate concrete workability at construction sites, and also the most common 
acceptance criteria.  
 
   Scientists and researchers have different views and definitions for workability and many have proposed various 
rheologically oriented tests and apparatus to assess it. Rheological models, such as the most commonly used one for 
concrete „Bingham‟, have been used and at least two internationally coordinated efforts have been made to find the 
relationship between the available commercial rheometers including BML, BT-Rheom and IBB. Although there were some 
interesting results, in reality there is not a single apparatus that can honestly claim to measure the true rheological 
behavior of concrete (Ferraris et al., 2001; Ferraris et al., 2004).    
 
   From a fundamental point of view, and because of the presence of aggregate, it is almost impossible to assess the true 
rheological behavior of concrete. Nevertheless, one should keep trying because for the very fluid concrete such as Self 
Consolidating Concrete (SCC), there is a need for a better tool than the slump cone; this, despite the slump flow being 
already an improvement of the original slump test method. 
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   The writer has developed a rheological Probe, which is fixed inside the drum of a ready-mix truck and can give an 
indication of the slump in addition to providing an alternative to the slump test by evaluating the rheology (yield stress vs. 
viscosity) of fresh concrete. The device is thus referred to as “rheological” because it uses principles similar to a 
rheometer: the movement of an “impeller” within the concrete at different speeds gives a flow curve that can be 
assimilated to a rheological one. Indirect methods to determine the workability directly inside the truck have been 
attempted in the past by others (Amziane et al., 2005). 
 
   The first part of the paper describes the Probe and its measurement principles. The rest of the paper presents the 
findings of some preliminary tests for a certain period of time using several Probes while following the production of one 
concrete supplier: Unibeton ready mix, the largest ready-mix producers in the Middle East.  
 
 

2 IBB PPROBE DESCRIPTION 
 
   For about 30 years, rheometers have been used to in laboratories to measure more fundamental properties such as 
yield stress and viscosity. Some factors that prevented the wide use of yield and viscosity, especially on the job site, were: 
concrete sampling operations, time of testing, washing up, bulk & cost of apparatus, training of operators, data analysis, 
etc.  
 
   The new rheological Probe does not require any sampling and can continuously monitor the fresh properties of concrete 
without any waste of material and without any human interference. In addition to rheological properties, the Probe also 
measures concrete temperature, movement characteristics of the drum (angle, speed and direction) as well as estimates 
slump and concrete volume inside the drum. 
 
   The main component of the system is a stainless steel Probe (Figure 1(a)), that works using a variety of sensors 
(accelerometer, termistor and load cell), an electronic circuit, powered by rechargeable batteries and a solar panel, and a 
wireless communication device. The processed information is sent to a receiver using radio signals and then the data is 
stored and displayed (Figure 1(c)) on a receiving unit that can also be connected to a computer for further processing 
and/or to a GPS system for real time remote monitoring. 
 
   Several versions of the rheological Probe have been tested but the most promising one has the shape of a cylinder with 
a hemi sphere at the end (outer cylinder). Figure 1(a) shows a picture of the Probe used to generate the data in this 
paper. The outer cylinder is mounted on a hub that includes a measuring device for angle, speed, temperature and load. 
The Probe is fixed inside the drum, from the outside as shown in Figure 1(b), of a ready-mix truck and is powered by a 
small solar panel. When the drum is turning, the relative motion of the Probe and concrete is believed to be equivalent to 
the motion of an impeller within a concrete sample inside a stationary rheometer, like in the IBB rheometer. 
 

 

 
 
(a) Probe   (b) Probe and solar pane installed on truck               (c) Receiver 

 
 

Figure 1: Pictures of the Rheological Probe used in this study 
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   Depending on the drum speed and the workability of the concrete, the force acting on the side of the Probe by the 
moving concrete will vary. This force can easily be transformed to an equivalent normal pressure in kPa.  Using the 
pressure instead of direct load (the load is measured) will allow comparison of the results with other similar devices of 
different sizes and shapes. For the same reason, it could be useful, in order to compare the results from trucks with 
different drum sizes, to transform the angular speed of the drum (usually in rpm) in tangential speed (in m/s). However, 
because all drums used in this study have the same size, the angular speed in rpm has been used. 
 
   The Probe has a radio transmitting device that sends data to a receiver (Figure 1(c)) which filters data from a specific 
Probe ID. The receiver has sufficient storage capacity to keep data for several days of constant usage and has a serial 
port that can be used to directly download the data from the receiver or to connect to a GPS based data transmission 
system to send data in real time. This was the case of Unibeton Ready-mix upon using the Probe. Increasing numbers of 
concrete producers have GPS systems that will greatly benefit from the addition of such system that can be used as a 
standalone device with the receiver. 
 
 

3 EXPERIMENTAL PROGRAM 
 

   The data presented here has been collected over several years in various locations.  It has been selected to illustrate 
several aspects of the Probe performance and behavior. Moreover, various measurement protocols have been tested 
over the years. Most of the load and pressure data presented here was obtained when the Probe reached the bottom 
position of the drum for a short period of time. The Probe can also monitor the angle and pressure on a continuous basis 
in order to detect the specific angles of when the Probe enters and exits the concrete. This is useful to evaluate the 
volume of concrete inside the drum however; those are not presented in this paper. 

 
   In order to generate several sets of data with one load of concrete, there are two possible experiments which are ageing 
or retempering.  Ageing, or stiffening, occurs when a high fluidity mixture is left to age (normal reduction of slump with 
time) and one frequently measures the slump, this whilst getting data simultaneously from the Probe. Alternatively, 
retempering is realized when a stiff mixture is progressively made more workable by adding water (or admixture). 
Normally, ageing produces an increase of yield with little effect on viscosity while retempering reduces both yield and 
plastic viscosity (Beaupre, 1994). 
 
   To compare the precision of the Probe and the repetition of the data on the same concrete load, two Probes were 
installed on one truck. Also, in a particular series of tests, several slump tests were measured simultaneously to evaluate 
the precision of the slump test and compared to the Probe. The results presented in this paper only deal with the ability of 
the Probe to estimates temperature and slump values. 
 

 
4 PRESENTATION OF INITIAL RESULTS 

 
4.1 Temperature 
 
   Figure 2 shows the relationship between the temperatures measured inside the drum by two Probes during an ageing 
test where water was added at the end to do some volume assessment. The analysis shows an excellent match between 
the two Probes. The variability of the measurement is very small and well within the ASTM limit of 1 degree C. 
 
4.2 Pressure  
 
   As mentioned, even if the Probe measures the load applied by the concrete, a normal pressure is still calculated using 
the projected area of the Probe's mobile part. Figure 3 shows typical pressure evolution after each addition of water as 
well as the best fit polynomial second level relationship along with its coefficient of correlation. As expected, the coefficient 
of correlation is very good at 0.995 which indicates that the Probe is excellent at evaluating the effect of water addition. 
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Figure 2: Probe temperature measurement from two Probes in the same truck 
 
 

 

 
 

Figure 3: Pressure measured by the Probe vs. water addition 
 
 

4.3 Slump  
 
   The Probe estimates the slump from a calibration table which associate one slump with a corresponding pressure.  The 
process to build that table starts with the creation of Figure 3 but also needs simultaneous measurements of slump, 
preferably with more than one operator. 
 
   Figure 4 shows the slump results for two operators for the concrete used in Figure 3 with the regular addition of water. 
As expected, the slump is going up but the variability of the slump test is obvious as in some case, the two measurements 
can be as far as 35 mm apart (for 200 liters addition). A polynomial second level best fit curve has been added for each 
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operator as well as the correlation coefficient R2 for each curve. One can see that both slumps have a correlation of 
around 0.97 which is fine considering the low precision of the slump test. 
 
     If one would like to produce a calibration for the slump in relation with the pressure, it would be better to use the 
average inverse relationship: water addition vs. average slump (as shown in Figure 5) which has a better coefficient of 
correlation. Usually, the more slump operator, the best it is. 
 
   The equation in Figure 5 is then used to calculate the required amount of water for any slump value. For example, by 
putting x = 100 mm in the equation, one get the required amount of water, which is in this example 118.44 liters. 
 
   The equation in Figure 3 is used to calculate the expected pressure measured by the Probe for any amount of water 
added. As for example, for an amount of water of 118 liter (require getting an average slump of 100 mm) the expected 
pressure is 5.54 KPa. These two values: 100 mm and 5.54 will be one of the 10 points that can be input into the slump 
calibration table.  
 
 

 
 

Figure 4: Slump vs. cumulative water addition for two operators 
 
    
5 PRECISION OF PROBE VS SLUMP 
 
   In order to get more data on the precision of the IBB Probe and the Slump test, an experimental program consisting of 
12 mixtures was performed. The Slump was measured in isolation by 5 technicians while the slump was evaluated by two 
Probes mounted on the same truck. Figure 6 shows the results of the 5 slump tests (according to ASTM and BS standard) 
for the 12 mixtures while Figure 7 shows the slump estimated by the two Probes. 
    
   For ach mixtures, the average slump, the slump standard deviation and the coefficient of variation have been calculated 
for the ASTM measurement, the BS measurement and the evaluation by the two Probes. These results are shown in       
Table 1 which clearly shows that the slump evaluation by the Probes is approximately 3 times less variable (coefficient of 
variation of 2.8% for the two probes as opposed to 8.2% and 7.5% for the slump tests) than the slump test itself! 
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Figure 5: Cumulative water addition vs. average slump value 
 
 
 

0

50

100

150

200

250

300

1 2 3 4 5 6 7 8 9 10 11 12

Sl
u

m
p

 (
m

m
)

Mix Number

Raw Data of Slump

1ASTM

2ASTM

3ASTM

4ASTM

5ASTM

1BS

2BS

3BS

4BS

5BS

 
 

Figure 6: Slump (ASTM and BS) from 5 technicians on 12 mixtures. 
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Figure 7: Slump (ASTM and BS) from 2 Probes on 12 mixtures. 
 
 
 

 

 
 

Table 1: Precision of the slump test and the Probe evaluation 
 

 
6 RHEOLOGICAL PROPERTIES 
 
   To verify whether the Probe can measure rheological behavior in terms of yield stress and viscosity as in the most 
widely used Bingham behavior (Tattersall, 1980), data of pressure vs. speed for a SCC mixture with a spread of 730 mm 
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are presented in Figures 8 & 9 for two Probes (Probe A and Probe B) for speed range, between 0 and 5 rpm which is 
more consistent with a laminar flow, the correlation is very good at 0.98 and 95 respectively.  It is interesting to that the  
 
flow curve for Probe A in Figure 8 can almost be associated to a two point test (Tattersall, 1991) since there is no data 
between drum speed of 1.5 to 4.5 rpm. Figure 9 also demonstrates that it is possible to get several points at various 
speeds as in a more traditional rheological test. 
 
 

 
 

Figure 8: Pressure vs. drum speed of SCC (Probe A speed between 0 to 5 rpm) 
 
 

 
 

Figure 9: Pressure vs. drum speed of SCC (Probe B speed between 0 to 5 rpm) 
 
 

7 CONCLUSIONS 
 

   From the preliminary tests conducted on the workability Probe, the following concusions can be made: 

 The Probe mounted inside the drum of a ready-mix truck can measure, display and record continiously some 
concrete fresh properties in a precise way, without the need for sampling. 

 The Probe can measure and record the equivalent normal pressure on the concrete at different drum speeds.  

 It is possible to relate the pressure at a low speed with the slump. 

 The Probe is three time less variable than the slump test. 
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 Using the pressure and the different drum speeds under 5 rpm, it is possible to determine the “yield” and 
“viscosity” of fresh concrete. 
 

   It is believed that in the near futur, concrete workability could be specified by using the perssure or yeild & viscosity. Low 
water/cementitious ratio, pumped and SCC are believed to be the concrete that woud most benefit from these procedures. 
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