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Abstract— This investigation approaches masonry with mortared 

joints specially analyzes the performance of its response to horizontal 

actions due to earthquakes. 

We concluded that masonry with mortared joints has not capacity 

to support tension stress. 

It was adopted a Coulomb model to failure criterion for the 

mortar. 

Coulomb´s model was cross with a conceptual model very often 

used in defining the rupture resistance criteria of the several 

materials is the Mohr model. 

The state of stress in joint material is biaxial; therefore mortar 

cannot mobilize its tension capacity.  
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I. INTRODUCTION 

An important aspect in the behavior of masonry with 

mortared joints is its response to horizontal actions due to 

earthquakes, wind or other causes. One would generally 

suppose that the introduction of mortar joints in brickwork 

support allows for these to support tensile stresses, which in 

fact is not the case. 

In another research study of the structural repair of the 

church of Santa Maria de Sar, described in another paper [1], 

and tested with FEM model,  was devised a booster solution 

that implied applying cement shut injections in the joints, thus 

conferring tension resistance to the masonry. It was adopted in 

Coulomb model a failure criterion for the grout, a tensile 

strength of 3Mpa and a 30 degree angle of friction. 

Surprisingly, the results indicated that both rupture and 

collapse of masonry occurred.  Although, the solution 

provided by the grout is apparently able to support tension 

stress. 

Therefore, it is important to observe the adaptability of 

structural masonry with mortared joints to resist horizontal 

loads, including seismic forces; because the results obtained 

in church at Sar, apparently show no resistance by the use of 

cement. The cement shut injections do not cause an increase 

in overall resistance of the masonry, as was initially expected. 

Nowadays, already is poorly known the behavior of 

masonry when actuated by shear, in contrast to the knowledge 

that currently we have on the response mode to compression 

actions. 
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II. BEHAUVIOR MODEL  

A conceptual model very often used in defining the rupture 

resistance criteria of the several materials is the Mohr model. 

This latter is obtained by submitting various samples of 

material to be tested at different charges, increasing them until 

they reach rupture.  

The principal stresses installed at the moment of rupture are 

represented by the Mohr system, obtaining circles with 

diameter from 1 to 3, according to what is shown in Figure 1, 

therefore assuming that this situation represents a case of plan 

stress. 

 

 
Fig. 1 Mohr curve of resistance 

 

The surrounding of all circles that are in the rupture 

threshold defines where there is no breaking in the material. 

For all the Mohr circles that fall outside this area, will be 

produced a rupture in the material; as we know from the 

theory of the strength of material, each Mohr circle 

corresponds to a given stress state originated by a set of loads. 

From Figure 1, it is possible to verify the existence of an 

infinite number of stress combinations, represented by Mohr 

circles, showing the rise of rupture, by simply reaching the 

tangent rupture line. 

We can divide the envelope curve - the tangent to rupture 

line, - into two distinct sections. The first I, curved, 

corresponding to the simple tension, when it happens 

determines that the material breaks by separation into two 

parts. The second II, straight and inclined, tangential to the 

Mohr circles of rupture (tangent rupture line), where rupture 

takes place by sliding, due to shear forces, which Mohr’s 

resistance criteria, together with the Coulomb ones, fits 

adequately in predicting the rupture of fragile materials, such 

as concrete and mortar [2]. 

In Coulomb model criterion, the breaking strength is 

provided by the internal friction and cohesion of the particles; 

this cohesion represents the shear resistance in the absence of 

normal stress, as one can appreciate in Figure 2. 
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Fig. 2 Coulomb criteria associated with Mohr curve 

 

If the stress state is a plan one, which is the case for 

masonry walls, then σ3=0. We can thus represent this state by 

a point P (1,2) on an axis of reference σ1 and σ2. Figure 3 

shows us the area without rupture in the new referential and 

Mohr´s tangent rupture line. Notice that in the plan state only 

can be considered materials that have cohesion, because if τc 

= 0, then one of the principal stress equals zero; there is no 

applied stress, because  

 

  
Fig. 3 Rupture referential defined area 

 

otherwise rupture would occur; in the case of sand, it 

cannot occur states of stress plan, as one would infer from 

Figure 4 [3]. 

From what is shown in Figure 3, we conclude that rupture 

occurs, when both principal stresses σ1 and σ2 define points 

that fall outside of the defined area. On the other hand, it 

should be noted, that the simple tension resistance at a defined 

facet can only be totally mobilized, if there were not 

compressive stresses applied to its combined facet. As long as 

compressions occur, the possible tension stress in the material 

must be lower than the resistance value, considering simple 

tension stress. 

 
Fig. 4 Sand material sand does not allow stress state plan 

 

Considering, for example, a fragile material, with values,  

respectively, between of 40 and -80 MPa for tension 

resistance and simple compressive resistance, if we submit the 

material to tensions σ1 = 30 and σ2 = -40 MPa, rupture will 

occur, because referential σ1, σ2 - the representative point of 

this state of stress plan remains in the rupture zone, - as shown 

in Figure 5. 

 
Fig. 5 the point corresponding to the state of stress (30, -40) falls 

outside of the referential defined area, then rupture occurs. 

 

Rupture referential defined area therefore, the considered 

state of stress is unacceptable, although the applied stress of 

compression is lower than the value of the resistance of 

simple compression. 
 

III. MASONRY BEHAUVIOR 

With mortared masonry joints, the same phenomenon tends 

to occur, as above described. It is usually accepted that the 
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mortared masonry joints are able to support tension, because 

of the physical connection between the blocks that mortar 

promotes. Therefore, it appears at first sight more 

recommendable the use of mortared masonry in buildings, 

whenever there could exist potential horizontal actions. In 

fact, such behavior does not occur, and the mortared joints do 

not work when horizontal actions do happen. 

Masonry walls, with mortar joints, do not have any physical 

ability to fully mobilize the capacity to work with tension that 

mortar theoretically could produce. 

If, in a masonry wall, the stress state applied belongs to the 

simple type, the principal stress compression σ2 equals zero, 

so, in this case, it is possible to mobilize the full capacity to 

work with tension that mortar enables, according to what is 

suggested by Figure 6. For this state stress, the maximum 

tension stress that we can be allowed in the masonry 

 

 
 

Fig. 6 
 

is equal to its own resistance of simple mortar tension σt; 

that is assuming of course that the resistance of tension on a 

simple block is higher than the tension of the mortar. 

It turns out that in masonry walls subjected to horizontal 

loads, the state of stress mentioned above does not occur. In 

most situations, we are always facing a compression state, in 

one of both combined facets. In this case, as displayed in 

Figure 6, the principal tension stress, which we can allow to 

install, cannot reach the value σt, because otherwise the 

corresponding circle of Mohr intersects the material rupture 

curve (tangent rupture line): the circle σ2, σ1 = σt in the 

figure 6. 

In order to avoid rupture, if a stress of compression is 

installed σ2´, it is necessary that the principal tension stress 

σ1´ should be lower than x, value corresponding to the simple 

tension σ t (see Figure 6 on the condition l). 

If the stress of compression installed is high, σ2´´ in the 

figure,  then the possible value for σ2´´ tensile stress will be 

practically reduced to zero (see traction situation  σ2 reduces 

to almost zero (see condition ll in figure 6). 

Figure 6 allows us to conclude, in a qualitative way, that 

structural masonry with mortared joints altogether have 

reduced ability to support tension stress and therefore 

masonry, with those kind of joints, is not advisable to use in 

buildings, where they have to support  the action of horizontal 

forces, particularly when resulting from earthquakes. 

 

 

 
Fig. 7 

 

In Figure 7, we present in a qualitative way the Mohr 

circles that occur, both in the mortar and the block of a brick 

wall, in the two load situations that we are dealing with 

(vertical load actions comprehending or not horizontal 

combined actions). 

The Mohr circle depicted at a full line does happen when 

there is not a horizontal loading and, in practical terms, 

simulating the stress states, both in the block and in the 

mortar. When there is horizontal load, the Mohr circle 

corresponding to the situation that only involves the action of 

vertical loads, evolves differently in the block and the mortar, 

in conformity to what is shown in the figure. 

In the block length, tensile stresses decrease slightly, while 

compressive stresses increase very significantly in value. 

Then, the corresponding Mohr circle increases and may 

therefore intersect the breakthrough curve. Similarly, the long 

side of the mortar compressions increases considerably, 

producing Mohr circles with large diameter, which reach 

rupture zones. 

On the side of the masonry under tension, both the block 

and the mortar qualitatively show the present Mohr circles in 

Figure 8. In this latter, it turns obvious that the present stress 

state is not dangerous for the safety of masonry, since either in 

the block or the mortar, Morh circles are contained within the 

break surrounding zone. 

 

 
Fig. 8 

 

Careful observation of figures 6, 7 and 8 allows us to 

understand the phenomenology of the behavior of mortar 

materials and block, considered as constituents of a masonry 

wall, actuated by horizontal loads. We then realize that to 

increase the resistance of these materials to the horizontal 

actions, we have to act on this stress state, modifying it so that 

its Mohr circle moves into the area without rupture, according 

to what is suggested by figure 9.  
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Fig. 9 

 

Under that condition, we have to artificially add more 

tension to the stress state generated by the horizontal loads, so 

that the displacement takes place towards the right of the 

Mohr circle. In the referential (σ1, σ2), we want that the 

representative point of the final stress state σ2 (sum of σ1 

stress state generated by the horizontal loads and the state 

induced by outside artificial tension) is situated within the 

zone without disruption, according to figure 9. 

If the fault in terms of resistance occurs in the blocks, for 

the usual stress sate conditions, the procedure includes 

adopting the reduction of the compressive tension and stresses 

tensions, as shown in Figure 10.  

 
 

Fig. 10 
 

Normally, in the block areas in danger of rupture, the 

vertical facets are activated by stress tensions; therefore they 

act in the horizontal compressions. If we introduce in the 

block a pre-stressed horizontal cable, to transmit to the block 

a compressive stress, the tensile stress in the vertical facet 

decreases and may even be transformed into compression in 

the horizontal facet. In this latter facet, the effect of Poisson 

compressive stress also decreases its value, whereby the 

correspondent Mohr circle to the new stress state is affected 

by a smaller diameter; it then easily fits in the defined area 

without rupture defined by Coulomb. 

IV. CONCLUSION 

As we see the mortar presence does not allow the 

possibility to masonry works with tension.  

Biaxial state of stress prevents the possibility to mobilize 

the full capacity of tension mortar.  

This conclusion is very important in designing masonry 

when horizontal forces could appear.   
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