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Why rheology of mortar?
• Mortar = Binder+sand+water (+admixtures)
• Used alone in masonry, coatings, adhesives, repair
• Used as a model for concrete because smaller
particles make reliable rheometry easier, with
smaller samples
• Coarse gravel/rock particles are inert, so we can
omit them.
• Jin 2002: “Concrete Equivalent Mortar”
• Extensively used for studies of admixtures for
concrete
• Intrinsic scientific interest

Flow and application of mortar
What is the right rheology?
Depends on the job requirements and user preference

Mortar must:
•

Be easily spread by hand

•

Be soft enough to allow
adjustment of units but stiffen to
support the units above

•

Resist losing water to absorbent
units

Mortar made with identical ingredients but prepared by a
stonemason (left) to a higher water content than by a
bricklayer (right). The worker makes the choice.
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Mortar ingredients

Materials for mortars (UK)

cement or lime 0.120µm
water

Possibility of
admixtures,
mineral powders
etc

sand 0.1-2mm

Mortar is:
Binder + fine sand (approx 1:3 by volume) + sufficient water
for workability and smoothness
Binder types:
1. Cement + hydrated lime (or “dry hydrate” which adds
fine powder to dilute the cement)
2. Cement + plasticiser (which introduces tiny air bubbles
to lubricate the mix)
3. Masonry cement (a prepackaged blend of cement, rock
powder and plasticiser)
4. Hydraulic lime (a historic binder, predating cement, less
energy intensive in manufacture)

Multi-scale – nanometres to metres

Mortar sand

Mortar is a suspension
Viscosity of suspensions of particles in water
Inert spheres at low concentration (Einstein):

Particle size
distribution
(PSD) is critical.
All sizes must
be present to
avoid bleeding
and achieve
close packing of
particles. Single
size sands can
be harsh and
need more
water

η = η s (1+ 2.5φ )
Inert particles at high concentration (KriegerDougherty):


φ 
η = η s 1 − 
 φm 
A good PSD

− [η ]φ m

A poor PSD

Cement is not inert

Practical experience

Particles attract each other in water

Fresh mortar
will support its
own weight – a
characteristic of
a Bingham

Form a flocculated network
Will support a stress (yield stress) without flowing
Will flow at higher shear stresses (plastic viscosity)

Bingham model:

τ =τ0 + µ γ&
Slump mm
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Analysis of slump test

Forces and flow during trowelling

Tattersall & Dimond 1977
110<H<240: = 4.5 − 15
(experimental)
Roussel & Coussot, 2005-6

H

H>>R:
R

H~R:
H<<R:

(analytical)

=

(numerical)

=

(analytical)

=

Ftcosθ = a + b(v/E)
where a is proportional to yield stress, b to plastic viscosity
(Naniwa, 1983)
Shear rate range in the gap 10-50 sec-1

Structural breakdown

Structural breakdown
Common with Binghams
a

b

λ “structure parameter”

b

τ

τ

c
d

Hysteresis loop
shape, τo and µ
all depend on
shear history.
Short test time
Long test time

λ=1

a

λ=1

c

λ=0

d

λ=0

Thixotropy = reversible
γ

γ

A structural breakdown model

Cement = irreversible

Hysteresis loops in cement paste
Banfill and Saunders 1981

(Tattersall and
Banfill, 1983)

Short

-

cycle times -

Long

But cycle times for each loop shape depend on the cement
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Mortar rheometer (Banfill 1990)
An instrument challenge
Rheometer size for granular materials
Gap size must be 10x max particle size
Surface roughness must be same as max
particle size
For cylinders outer/inner radius must be <1.1

For coaxial cylinders, 2mm aggregate
mortar needs a 0.005m3 (5L) sample.

Testing mortar – Viskomat NT

Typical results

Structural
breakdown

Bingham line
text

Sample size 0.7kg
T = g + hN: g = 60 Nmm; h = 14 Nmms
Figure 3.4 – Experiment curve of the mix with Loanleven sand and St. Astier NHL 5

Calibration principles

Typical results

Measure torque T Nmm and speed N rev/s.
For a Newtonian oil: T = GηN
where G is an apparatus constant
For a Bingham:
T = g + hN

Structural
breakdown

Treating the instrument as a mixer, provided flow is laminar:

γ& =KN
where K is an average effective shear rate
Thus
τ0 = (K/G)g N/m2
G = 0.001-0.002 m3
K = 8-10
µ = (1/G)h
Ns/m2

Bingham line

T = g + hN: g = 60 Nmm; h = 14 Nmms
τ0 = 480 N/m2; µ = 14 Ns/m2
Figure 3.4 – Experiment curve of the mix with Loanleven sand and St. Astier NHL 5
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Effect of mix variables

Effect of sand fineness

Dispersing
plasticiser
µm

Water content
Fibre content + length
Air entrainment
τ0

µm

Microsilica
MBV = methylene blue value, i.e. clay content
(Banfill 1999)

Sand particle grading (complex)
µ

Concrete Equivalent Mortar?
Microsilica

Testing mortar – Squeeze flow

Microsilica

Both

Force, movement
Both

spread
Cylindrical sample

Meta-kaolin
Meta-kaolin

Concrete

1000
Force
N

Mortar

Strain hardening
Typical results
Pileggi et al 2000-2009

Viscous flow
The agreement is encouraging (Amin 2001)
0

Comparison of methods

1. Fresh mortar is a multi-phase, multi-scale material.

S

τ 10rpm (kPa)

Yield stress
– Viskomat

y = 0.12x + 1.19
R² = 0.96

2.0
K
1.6

2. Test methods are available and results can be used
with confidence for mix formulation.

K

S

3. Mortar can be used as equivalent to concrete.

P

1.2

y = 0.20x
R² = 0.80

y = 0.21x
R² = 0.92

0.8

4. Rotational and squeeze-flow rheometry give consistent
results.

KP S
15min
55min

y = 0.19x
R² = 0.63

0.4

10

Conclusions for mortar

2.8
2.4

Displacement mm

Linear (15+55min)

5. The Trouton ratio (20-40) is consistent with mortar as a
granular material with relatively little elasticity.

0.0
0
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σ 0.5mm (kPa)
Yield stress
– Squeeze Flow
Extensional viscosity ≈ 20-40 x shear (plastic) viscosity
(Cardoso et al, 2014)
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Thank you for listening

Contact details:
Prof Phil Banfill - P.F.G.Banfill@hw.ac.uk
School of Energy, Geoscience, Infrastructure &
Society, Heriot-Watt University, Edinburgh,
EH14 4AS, UK
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