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Mixer-Mounted Probe 
Measures Concrete 
Workability
Ibb probe data provide very good correlations with slump or flow tests

by Denis Beaupre

products&practiceSpotlight

Concrete workability and its measurement have been 
the subjects of many papers and books. For most 
projects, however, the slump test is still the most 

common means for evaluating concrete workability at 
construction sites. It’s also the most commonly specified 
acceptance criterion. 

Although many people believe the slump test is precise, it’s 
actually quite variable—even if the same person measures 
slump twice from the same batch of concrete. The precision 
statement from ASTM C143/C143M (Table 1), for example, 
shows that it would be acceptable for a single operator to take 
readings that varied by 17 to 28 mm (0.65 to 1.13 in.) for 
average slumps of 30 to 160 mm (1.2 to 6.5 in.).1 These 
differences are as much as 17 to 54% of the average slump. 

The variability, along with the waste and delay associated 
with the slump test, prompted Unibeton Ready Mix in the 
United Arab Emirates (UAE) and IBB Rheology to join 

forces and develop a rheological probe that is fixed inside 
the drum of a ready mixed concrete truck. By evaluating the 
rheology of fresh concrete, the probe can give an indication 
of the slump and provide an alternative to the slump test. 
The device is 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 curve. 

It’s already been shown that the workability of concrete can 
be determined using information from the mixer truck.2,3 
With most of the existing systems, however, correlations must 
be developed for each truck to account for differences in mixer 
geometries and other characteristics, including the quantity 
and density of the concrete in the truck.

The new device, the IBB Probe, can be used to determine 
slump by using a single calibration relationship, independent 
of the concrete volume in the drum, which refers to the 
load measured on the surface of a probe within the mixer. 
By converting the load into a pressure based on the projected 
area of the probe, data from sensors with different geometries 
can be compared, if necessary.

This article describes the probe, its measurement 
principles, and findings from preliminary tests. A calibration 
relationship has been developed to correlate probe  
measurements with more conventional slump and  
slump-flow tests. Because the relationship has been shown 
to be valid using a number of truck mixers and concrete 
mixtures in different countries, it is apparent that, except for 
modifications for the size of the aggregate, only one 
relationship is needed for any mixer truck.

IBB Probe Description
The rheological probe can continuously monitor 

properties of concrete. Because it doesn’t require any  
sampling, concrete isn’t wasted and human error and 
variability are avoided. In addition to slump and rheological 

Table 1:
Acceptable Results of Two Properly Conducted 
Slump Tests

Type index

Average 
slump,  

mm (in.)

Standard  
deviation 
[1s], mm 

(in.)

Acceptable 
range of two 
results [d2s],  

mm (in.)

Single-operator 
precision

30 (1.2) 6 (0.23) 17 (0.65)

85 (3.4) 9 (0.38) 25 (1.07)

160 (6.5) 10 (0.40) 28 (1.13)

Multi-laboratory 
precision

30 (1.2) 7 (0.29) 20 (0.82)

85 (3.4) 10 (0.39) 28 (1.10)

160 (6.5) 13 (0.53) 37 (1.50)

Note: Per ASTM C143/C143M, acceptable results of two properly  
conducted slump tests on freshly mixed concrete from one batch will 
not differ from each other by more than the (d2s) value for the  
appropriate slump value (after Table 1 in ASTM C143/C143M).
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properties, the probe can determine concrete temperature; 
movement characteristics of the drum (angle, speed, and 
direction); and concrete volume inside the drum. The 
device is capable of measuring slump values (correlating to 
values measured per ASTM C143/C143M, for example) 
ranging from 30 to 280 mm (1.25 to 11 in.) and spread 
values (correlating to values measured per DIN EN 12350-
54) ranging from 300 to 550 mm (11.75 to 21.5 in.). 

The main component of the system is a stainless steel probe 
mounted inside the mixer drum (Fig. 1(a)). The probe houses 
an accelerometer, a thermistor, and a load cell. These sensors, 
their associated signal conditioners, a data acquisition system, 
and a wireless communication device are powered by  
rechargeable batteries and a solar panel (Fig. 1(b)). The 
processed information is wirelessly transmitted to a cab-
mounted receiver, where the data are displayed (Fig. 1(c)). The 
receiver electronically filters signals to ensure that data are 
from only a specified probe. The receiver can also be connected 
to a data storage unit and/or a radio transmitter and GPS 
system for real-time remote monitoring.

Several versions of the rheological probe have been tested, 
but the most promising version includes a flanged hub and a 
cylinder with a hemispherical head. The patented and com-
mercially available probe is fixed inside the drum at a portal. 
When the drum is turning, the relative motion of the probe 
and concrete is comparable to the motion of an impeller 
within a concrete sample inside a stationary rheometer.

While the drum turns, the relative motion between the 
concrete and the probe exerts a force on the side of the 
probe. The magnitude of the force will vary with drum 
speed and the workability of the concrete. This force can 
easily be transformed to an equivalent normal pressure, 
allowing comparisons with results from probes with 
different geometries. To account for different drum sizes, 

the angular velocity of the drum is converted to tangential 
speed (m/s) for rheological measurement purposes.

Multi-User Calibration 
The probe has been calibrated and used in various 

countries for several years. Most calibration results have 
been obtained using concrete with a nominal maximum 
aggregate size of about 18 to 20 mm (about 0.75 in.) and 
with a cementitious material content generally ranging 
from 300 to 400 kg/m3 (500 to 675 lb/yd3) but some as low 
as 200 kg/m3 (340 lb/yd3).

Typically, a calibration mixture was prepared to be 
relatively stiff at the outset (30 to 50 mm [1.25 to 2 in.] 
slump or 300 mm [11.75 in.] spread), and it was progressively 
modified by adding water to the point of complete collapse. 
Most tests started with a batch size of at least 3 m3 (4 yd3) to 
allow numerous samples to be taken. Water was added in 
increments of 10 L/m3 (2 gal./yd3). After each addition of 
water, the drum was rotated at mixing speed for at least  
3 minutes. When mixing was completed, slump or spread 
tests were conducted by at least two (preferably) isolated 
operators. At the same time, pressure data were taken by the 
probe while the drum turned at two revolutions per minute 
for at least three turns. 

Calibration Results
Figure 2 shows several calibration relationships obtained in 

many countries. The results are bounded by the relationship 
obtained in Israel, found using a lean mixture with a relatively 
small maximum size aggregate, and in Mexico, found using a 
mixture with a 22 mm (7/8 in.) maximum size aggregate. 
From these observations, it appears that it might be necessary 
to have calibrations for different aggregate sizes, so a manage-
ment system is being developed to address this issue. The 

Fig. 1: The IBB Probe system: (a) the stainless steel probe is designed to be mounted inside the drum of a mixing truck; (b) the probe 
is installed at a portal in the drum wall and is powered using a solar cell; and (c) data from the probe are transmitted wirelessly to a 
cab-mounted receiver and display

(a) (b)

(c)
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Fig. 2: Calibration relationships developed for pressure as a 
function of slump (1 kPa = 0.145 psi; 1 mm = 0.04 in.)

Fig. 3: The general calibration relationship for the IBB Probe has 
been updated as additional data have been obtained. The 
curve labeled IBB was fitted to data early in the development of 
the technology. The curve labeled NEW incorporates data 
gathered in 2012 (1 kPa = 0.145 psi; 1 mm = 0.04 in.)

Fig. 4: As this example from the UAE shows, the calibration 
relationships developed using data from several countries are 
valid for mixtures with quite different cementitious material 
contents (1 kPa = 0.145 psi; 1 mm = 0.04 in.)

Fig. 5: Comparison between IBB slump evaluation and manual 
slump measurement (1 mm = 0.04 in.)

dispersion of results increases as the slump reduces, but this is 
at least partially due to having very limited data for slumps 
below 80 mm (3.25 in.) during the calibrations.

It’s important to note that calibration relationships can be 
updated as more data become available, and the updated 
relationships can be easily loaded into an existing probe’s 
firmware. Figure 3 provides an example of an updated 
relationship. The initial relationship (labeled IBB) was fitted 
to data gathered during early calibrations of the probe. As 
more data have been obtained (in the UAE in April 2012, 
France in July 2012, and Turkey in July 2012), the calibration 
relationship has been refined (labeled NEW). 

Figure 4 shows that the calibration relationships fit mix-
tures with different cementitious material contents. Figure 5 
compares slump values measured using a conventional test 
and using the IBB Probe. Most of the slump values were 

determined using a single conventional slump test and 
therefore the variation is likely from the slump test itself. 
Although three data points (yellow surrounded in red) from 
tests conducted in Israel are well outside the acceptable 
precision of the slump test, the other data points show very 
close agreement between manual and probe measurements. 

The DIN flow table is mainly used in Germany, Austria, 
and Switzerland. Data from IBB Probes installed in trucks at 
two producers in Austria and one producer in Switzerland 
are shown in Fig. 6 and 7. Figure 6 shows the calibration 
relationship between the spread measured per the DIN test 
and pressure measured on the IBB Probes. Although the 
maximum size aggregates were 32 mm (1.25 in.) in the 
evaluated mixtures, the aggregates had highly different 
shapes (natural, crushed, or recycled concrete). Yet, the 
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results obtained at the three producers follow a single 
calibration relationship quite well.

Figure 7 compares the spread estimated using the probe with 
the manually measured spread (one measurement per data 
point). While one data point (blue surrounded in red) shows a 
relatively poor correlation between the two test methods, it 
should be noted that the mixture exhibited excessive segregation 
during the spread test. Even so, the higher fluidity was still 
detected by the probe. For most of the measurements, estimates 
for the spread are generally within 10 mm (less than 1/2 in.) of 
the manually measured values. This is very good, and it can be 
expected to improve with additional tests.  

A New Measure for Workability
Based on initial tests conducted in a number of coun-

tries, it’s apparent that the IBB Probe can provide very good 
estimates of slump. Because the calibration relationships 
tend to become assymptotic at slump values of about  
30 mm (1.25 in.), this value can be considered the lower 
workability limit for the device. Although the data set is 
more limited, it’s also apparent that the probe can be used 
to estimate spread as measured using the DIN flow table. 

While it’s very likely that universal calibration relation-
ships for slump and spread can be developed for concrete 
mixtures produced in many countries, there might be a 
need to customize calibrations for various maximum size 
aggregates. This work is ongoing.

Given the level of success obtained thus far, the author 
believes that pressure data obtained using a truck-mounted 
probe could provide a new measure for concrete workability. 
So, in the near future,  specifications might list pressure values 
rather than slump or spread of a fresh concrete mixture.

If you are attending the ACI fall convention in Toronto, 
you can learn more about the IBB Probe by visiting BMH, 
the Canadian distributor, in the exhibition area.
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Fig. 6: Calibration relationship between the pressures measured 
using the IBB Probe and spread measured using the DIN flow 
table (1 kPa = 0.145 psi; 1 mm = 0.04 in.)

Fig. 7: Comparison between IBB spread evaluations and manual 
spread measurements (1 mm = 0.04 in.)


