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Overview 
1. Introduction 

‘Why weaker lime mortars may be better …’ 
2. Mechanical behavior of masonry 
3. Behavior of stone in tri-axial compression 
4. Behavior of mortar in tri-axial compression 

• sv versus e 
• sv versus evol 
• biaxial yield criterion 
• pore structure 

5. Understanding the mechanical behavior of mortar 
6. Conclusions 
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Although lime mortar does not attain the high 
strength of nowadays cement mortars, on the level  
of the masonry composite there is  
 only a limited influence of the mortar  

strength on the compressive strength  
of the composite 

 an important increase in deformability  
of the masonry structure with ‘weaker’  
lime mortars 

 an increase in plastic deformation of  
the masonry with ‘weaker’  
lime mortars 

1. Why weaker lime mortars may be better! 

the result of ancient 
lime mortar joints 
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2. The mechanical behaviour of masonry 

2,00   γand 0,50 K   with f f K γ  f M
25,0
mortar c,

0,65
brick c,Mmasonry c, ===
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Mechanical behavior of masonry with different mortar types 
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Tri-axial stresses in the masonry composite 

 Tri-axial compression in the composite due to: 
Tri-axial loading conditions on the masonry 

 vaults 
 foundations 

mechanical interaction between brick and mortar 
 
 
 
 
 
 

differential expansion of brick versus mortar 
 thermal-hygric expansion - salt swelling 
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Mechanical brick - mortar interaction 

A linear elastic approach leads inevitably to a constant 
relationship between sv and sh [Francis et al.] 
 
 
 
 
 
 
with: 
Eb and Em, the vertical Young’s moduli of brick and mortar 
nb and nm, the coefficients of Poisson 
tb and tm, the height of the brick and mortar joint 
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Influence of structural anomalies 

tensile stress 
concentrations  

increase k-value 
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3. Behavior of stone in tri-axial compression 

Following observations can be made from the literature 
in the field of geology on the mechanical behavior of 
stone subjected to tri-axial stresses: 

 a change in material behavior from brittle to visco-
plastic of porous sandstone [Wong] and of porous 
chalk [Homand] 

 localization phenomenon and the absence of a clear 
shear failure at high confining pressures of Vosges 
sandstone [Bésuelle] 

 a decrease in pore volume of sandstone [Wenlu] 
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4. Behavior of mortar in tri-axial compression 
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Mechanical behavior of mortar (sv – ɛ) 

sv 

sh 
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Mechanical behavior of mortar (sv – ɛvol) 

sv 

sh 
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Tri-axial yield criterion for mortar 

putty lime mortar 

hydraulic lime mortar 

lime-cement mortar 

σh/σv=0.05 
σh/σv=0.10 

σh/σv=0.15 

σh/σv=0.25 

σh/σv=0.50 

σh/σv=0.75 

σh/σv=1.00 
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Evidence for pore collapse mechanism 

Total porosity 
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Evidence for pore collapse mechanism 

Putty Lime Mortar 

sv 

sh 

Pore size distribution 
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Following conclusions can be drawn from the  
observed mechanical behavior of mortar in tri-axial 
compression: 
 Strength increase with low confining pressures 
 Change of material behavior from brittle to elasto-plastic flow 

at rather low confining pressures (>0.15) 
 Change of failure mechanism at higher confining pressures 

(>0.25) 
 Changes in pore structure 
 No important differences in material behavior (apart from 

strength) between different mortars 

5. Understanding mechanical behavior of 
mortar 
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Understanding the mechanical behavior 

Modelling Stresses around a hole in mono-axial compression 

Compressive stresses 

k = 0. 

Tensile stresses 
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Expanding the calculations to bi-axial compression 

k = 0.25 
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Expanding the calculations to bi-axial compression 

k = 0.50 
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Understanding the mechanical behavior 

k = 1/3    scracktip = 0 
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Confinement stress results from tensile strength of 
brick/stone 

putty lime mortar 

hydraulic lime mortar 

lime-cement mortar 

σh/σv=0.05 
σh/σv=0.10 

σh/σv=0.15 

σh/σv=0.25 

σh/σv=0.50 

σh/σv=0.75 

σh/σv=1.00 

~ tensile 
strength of 

brick 

k = 0,3 k = 0,12 

k = 0,4 
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6. Conclusions 
The mechanical behavior of masonry composite 
structures is based upon the complex brick/mortar 
interaction. The current study evidences that: 
 the mortar behavior should not be considered in mono-axial 

loading conditions, but rather in tri-axial states of stress. An 
important influence of the tri-axial loading is observed, altering 
the mortar behavior from a brittle, quasi-elastic material to a 
mere elasto-plastic structure. Additionally a change in failure 
mechanism is observed from the formation of diagonal shear 
bands to a mere pore collapse mechanism 

 regarding the initial lack of horizontal deformation, a linear 
elastic approach with an ‘average’ coefficient of Poisson is 
irrelevant 

 geometric factors strongly influence the occurrence of stress 
concentrations at the brick/mortar interface 
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6. Conclusions 
 the tensile strength of the brick or stone provides the upper 

limit of the confinement stress on the mortar. 
 at the same confinement stress “weaker” mortar are subjected 

to a higher κ value which, if above 0.25, results in a pore 
collapse mechanisme that results in a lower increase of the 
tensile stresses in the brick or stone; thus reducing the 
probability to induce a failure mechanism of brick and 
consequently masonry;  

 (plastic) deformation of masonry increases;   
 there is a higher probability that lime mortar will behave visco-

plastic before the ultimate tensile strength of the brick is 
reached than hydraulic lime mortar, or cement mortar. 

 there is a very low probability that cement mortar will behave 
visco-plastic before the ultimate tensile strength of the brick is 
reached;   
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6. Conclusions 

 compatible mortar for bricks can be designed taking into 
account the tensile strength of the bricks or stone as a starting 
point; 

 design standards should be developed that take this insights 
into account. 
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