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Bingham model 
	 Two rheological parameters are 
commonly used in descripting the 
rheological behavior of fresh concrete: 

	 Yield stress               (“tau”) 

	 Plastic viscosity           (“mu”) 
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The	inner	cylinder	is	sta[onary	and	
registers	the	applied	torque	from	
the	tes[ng	material	

The	container	which	the	cement	
based	material	is	pored	in	to	
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Slump	(sigmál)	
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yield	stress	

Hi	yield	stress	
=	small	slump	
(s[ff	concrete)	

Low	yield	stress	
=	high	slump	
(self	leveling	/
compac[ng	
concrete)	
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Plas[c	viscosity	

Low	plas[c	viscosity	
(fast	fluid	flow)	

High	plas[c	
viscosity	
(slow	fluid	
flow)	
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For real experiments: experimental errors 
§ C.F. Ferraris, R. Cooley, J. Grein, M. Peltz, M. Topputo, S. 
Verdino, Feasibility of Using a Concrete Mixing Truck as a 
Rheometer (Orlando, Florida), NISTIR 7447, September 2007: 
§   Mechanical friction between the drum and the rest of the truck, 
§  from gearing box, bearing balls, carrying rollers and so forth  

§   incorrect truck sampling 
§   insufficient mixing time after addition of chemical admixtures 
§ … 
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	 The current work is done to investigate the feasibility in using 
the truck mixer as a rheological device 
	 The power is calculated in kilowatts [kW] 
◦  can be related to the hydraulic pressure to turn the drum i.e. slump 

meter 
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Garðar	

Garpur	(ac[ve)	

Icelandic	High	Performance	Compu5ng	(IHPC)	
-	h9p://ihpc.is	
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KARRENA 9/5 
	 Drum volume of 15.7 m3 

	 Max rated drum capacity is 9 m3 

	 Drum speed is between 0 and 0.23 rps 
◦  i.e. from 0 and 14 rpm 

	 Inclination of the drum relative to the horizontal, is 11 degrees 
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Meshing of the drum was made with 
OpenFOAM utility called blockMesh 
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This was done at the ready-mix plant 
Steypustöðin ehf in Reykjavik with one of their 
truck mixer 

Trying to get drawings of the drum on the 
inside was not successful. Therefore a 
direct measurements of the drum was 
necessary! 
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Mesh independence analysis 

About	60,000	cells	(to	the	lei)			&		about	400,000	cells	(to	the	right)	
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Test setup 
The	power	analysis	is	done	as	a	func[on	of	drum	charge	
volume	2.5	m3,	5.4	m3	and	8.2	m3	

 
At	different	drum	rota[onal	speed	
	f = 0.03, 0.07, 0.11, 015, 019 and 0.23 rps	
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	 Yield stress and plastic viscosity,… 
◦  τ0 = 0 Pa & µ = 25 Pa·s 
◦  τ0 = 150 Pa & µ = 25 Pa·s 
◦  τ0 = 300 Pa & µ = 25 Pa·s 
◦  τ0 = 0 Pa & µ = 75 Pa·s 
◦  τ0 = 150 Pa & µ = 75 Pa·s 
◦  τ0 = 300 Pa & µ = 75 Pa·s 
◦  τ0 = 0 Pa & µ = 125 Pa·s 
◦  τ0 = 150 Pa & µ = 125 Pa·s 
◦  τ0 = 300 Pa & µ = 125 Pa·s 

Test setup (cont.) 
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Rotation of the drum 
	 Gravity rotation 
◦  Instead of physically rotate the computational 

mesh, the gravity-field is rotated  
◦ The system represents no longer an inertial 

reference frame 
◦  Coriolis force and the centrifugal force have to be 

included 
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Instead of rotating the drum on a stationary Earth,  
the drum is stationary and the Earth rotates around it  
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Single Rotating Reference Frame (SRF) 
Modeling (i.e. here by gravity rotation) 
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Single Rotating Reference Frame (SRF) 
Modeling (i.e. here by gravity rotation) 
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Rate of work (mechanical power) 
Mase,	G.T.	and	Mase,	G.E.	[13];		Malvern,	L.E.	[8]	

V = Volume of concrete 

Wallevik,	J.E.,	Ref.	[11]		pp.	386	–	389	
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To generate quantifiable data for comparison 

=	Power	at	equilibrium	
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Drum	charge	volume:	

V	=	2.5	m3,	

V	=	5.4	m3		

V	=	8.2	m3	
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Cross-sec[on	of												(in	[Pa/s])	
tau0	=	0	Pa	and	mu	=	75	Pa.s,	f	=	0.19	rps	and	[me	t	=	16.5	s,	

V	=	5.4	m3	 V	=	8.2	m3	

Increased	volume	V	results	in	
lower	intensity	of		
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Drum	charge	volume:	V	=	2.5	m3,	V	
=	5.4	m3	and	V	=	8.2	m3	
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Specific	values	
g	=	G/(rho*V)	
h	=	H/(rho*V)	
p	=	P	/(rho*V)	
	
p	=	h	f	+	g		
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Conclusions 
	 Both the yield stress τ0 and the plastic viscosity µ do influence the slope H, to similar or the 
same extent 
◦  This can explain why it has been difficult to experimentally correlate only the plastic viscosity µ to the H 

value, as reported in [18, 19, 20] 

	 Although the plastic viscosity µ affects the G value, its influence is only minor 
◦  This can explain why it has been easier (relatively to the above) to experimentally correlate yield stress τ0 

to the G value, as reported in [18, 19, 20]. 
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