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1. Introduction 

Compared to reinforced conc!ete , masonry may have a number of 

advantages, the rnost significant among them being its thermal 

insolation properties. However, for engineering type structu­

res masonry may be 1ess suitable. 

Presently, in Germany various efforts are being made to widen 

the scope of applicability of masonry particularly for highly 

stressed engineering structures. Specifications required for 

engineering design have been developed (1). 

For such structures high strenth masonry is required which may 

be achieved by the use of high strength masonry units and high 

strength mortar as well as by particular care in quality con­

traI und supervision of construction. However, a decisive di­

sadvantage of high strength masonry compared to reinforced con­

crete 1s 1ts lack of ductility and an alrnost explosive type of 

failure when loaded in compression . When brittle materiaIs are 

used in construction higher safety factors or required compared 

to those necessary for ductile materiaIs. This in turn leads to 

higher over alI costs. Therefore, efforts are being made to 

improve the ductility of high strength masonry. Possibilities of 

accomplishing this are discussed in this paper. 

2. Theoretical considerations 

The failure mechanism of masonry has been delt with in various 

studies (2,3) . From this it follows that in a masonry unit loaded 

in compression lateral tensile stresses occur. These tensile 

stresses are counteracted by lateral compressive stresses in the 

jOints. Furthermore, the stresses in the direction of the exter­

nai load frequentiy are not distributed uniformly resulting in 

local stress concentration and premature cracking and crack pro­

pagation in the masonry units. Reinforcement of the bed joints 

restrain the lateral strains of the mortar and thus reduce the 

lateral tensile stresses in the masonry units. Furtherrnore, lo­

cal stress concentrations may be reduced. Very closely spaced 
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reinforcement such as thin fibres or wire mesh may inhibit 

propagation of ~racks in the masonry units. Inhibited crack 

propagation and reduced crack width results in a more uniform 

stress distribution and leads to the formation of many closely 

spaced and narrow cracks rather than a few wide cracks. Such 

crack behavior may lead to an increased compressive strength 

but more important to an improved ductility. At the sarne time 

explosive failures may be avoided. This mechanism, however, 

can become effective only if there is sufficient bond between 

the reinforcement and the joint material as well as between 

the joint material and the masonry units. 

3 . Types of jOint reinforcement 

It has been pointed out already that evenly distributed and 

closely spaced reinforcement should be particularly effective 

in enhancing the load carrying properties of masonry. Such rein­

forcement material may be fibers or closely spaced wire mesh. 

Furthermore, it may be of advantage to have a higher percen­

tage of reinforcement in the direction of the smaller dimen­

sion of the cross-section of the masonry, because according to 

(3) lateral tensile stresses in the masonry units are larger 

in this direction. Apparently, uniform distribution of stresses 

and inhibition of crack propagation may be accomplished only 

if the percentage of reinforcement is sufficient. This has to 

be studied by theory and by experiments. 

4. Experimental studies 

In (6) experiments on masonry made of glass fiber reinforced 

mortar joints are presented. The studies described in the fol­

lowing are an extension of this work. In the first part suitab­

le materiaIs for plain or fiber reinforced mortars have been 

tested. Then studies on masonry units have been carried out in 

order to determine the strength and deformation characteristics 

of reinforced masonry loaded in compression. In the first se­

ries masonry units have been made of sand-lime bricks and fiber 

reinforced mortars. In the second series sand-lirne bricks as 

well as clay bricks have been used together with mortars rein­

forced with metallic reinforcement. 

11 30 



4.1. Tests on mortars 

In preliminary experiments three types of mortars (lIa, 111, 

111 a) of various strengths have been studied . The mix pro­

portions as well as the compressive and flexural strength are 

g iven in the following table. 

The iiber reinforced mortars which are described in section 

4 .3 have the saroe composition. However, in order to take into 

a ccount the increased water requirement of fiber reinforced 

mortars, water reducers have been added to the mortar. The 

g radation of the sand is given in Fig. 3 . 

Mortar mix proportions by volume water/ flexural compressiv! 

lime - portland-cement-sand cernent strength strength 

MN / m 2 

II a 1 : 1 : 6,5 1,82 1,26 

III ° : 1 : 4,5 : 0,2 flyash 1 ,25 3,43 

III a ° : 1 : 3,2 0,92 4,24 

4.2. Tests on masonry units 

Two types of sand-lime bricks and two types of cored clay 

b ricks have been studied so faro Their designation according 

MN / m 2 

5, 3 4 

11 ,83 

20,4 3 

to the German specifications (4,5 )1 dimensions, compressive s t r e ng t h I 

unit weight and water absorption are given in the following tab-

le. 
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Type of rnasonry Dirnension Cornpressive Unit weight v/ater ab-

unit lxbxh strength sorption 

rnrn MN/rn2 kg/drn3 gxrnin/drn2 

s!..ay bri cks : 

HLz 20 237xl15x 
111 55,4 1 , 12 12.34 

HLz 36 245xl15x 
115 41,5 1,26 1 1 ,27 

sand-lirne bricks 

KSL 20 ( cored) 239xl14x 
112 21 ,2 1 ,51 15,01 

KSV 60 (solid) 240xl14x 
112 62,7 2,0 4,35 

4.3. Reinforcernent 

The various types of reinforcernent, their diarneter as well as 

the percentages of reinforcernent are related to the volume of 

roortar surnrnarized in the following table . In addition to CEM­

FIL glass fibers and galvanized wire rnesh, also conventional 

prefabricated masonry reinforcernent has been used which con­

sists of 2 reinforcing bars,diarneter 5 rnrn and of diagonals, 

diarneter 3 rnrn connecting both bars. 
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Type of reinforcement Notation Wire Mesh Number Percentage 
diameter size o f of reinfor-

layers cement 

mm rr,," percent by 
volume 

CEM FIL-Fibers 

12 KF - - 1.5 mm 

CEM FIL-Fibers LF - - 1.5 

24 mm 

Hexagonal wire rnesh H-2 0,7 - 2 1. 36 

Square wire rnesh 5-2 0,55 5 2 1 .44 

Square wire rnesh 8-1 0,8 8 1 0,97 

Square wire rnesh 8-2 0,8 8 2 1.94 

Masonry reinforcernent M 5 - 3.35 

4 .4 . Masonry 

The strength and deforrnation characteristics of reinforced rna­

s onry loaded in cornpression have been studied on specirnens shown 

i n Fig. f The thickness of the joints was 12 mm. Longitudinal 

s trains have been observed with two inductive strain gages over 

a gage length of 250 mm on opposite sides of the specirnens. 

Lateral strains have been rneasured over a length of 150 mm in the 

center of the specirnen. In arder to observe the poste failure 

behavior of the speciroens also the displacernent of the load 

bearing platens of the testing rnachine have been rneasured. The 

s peciroens have been subjected to a constant strain rate of 
-3 

0 .5 x 10 mm/ rn.rnin. 
The specirnens were stored for 7 days at 200C and 95 percent RH. 

Subsequently they have been kept in a constant environrnent of 

20 0C and 65 percent RH. They were tested at an age of 28 days. 
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The experimental program on masonry carried out so 

far is summarized in the following table: 

Series Masonry unit/ Metallic reinforcement 

rnortar - 8-1 8-2 5-2 H-2 M 

Series1 KSL 20/11a x 

KSV 60/111a x 

HLz 20/11a x x x x x x 

HLz 20/111 x x x x x x 

Series2 HLz 36/111 x x x x x x 

KSL 20/111 x x x x x x 

Fibers 

12 mm 24 

x x 

x x 

Three specimens have been tested for each combination of para­

meters. So far 3 x 30 specimens have been studied. 

4.5. Experimental results 

4.5.1 Series 1: Fibers reinforced sand-lime brick masonry 

mm 

The results of series 1 are summarized in Table 1. Stress-strain 

diagrams as observed on the specimens are given in Figs.1 and 2. 

From the figures as well as from column 2 in Table 1 it follows 

that the use of fiber mortar rather than conventional mortar 

did not lead to an i ncrease of strength of the specimens. In 

column. 3 the strains at meximum stress measured between the 

bearing platens' are given. Column 4 and 5 give the strains of 

the descending part of the stress-strain diagramm at stresses 

of two thirds and of one third of the maximum stress. From these 

results it follows that no substantial improvement of ductility 

could be obtained through the use of fiber reinforcement. 

4.5.2 Series 2: masonry with metallic reinforcement 

The results of series 2 are summarized in Table 2: The data of 

Column 2 indicate that joint reinforcement of masonry made of 

sand-lime bricks did not result in an improvement of strength, 
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whereas a substantial increase of strengt h has been obser­

ved for masonry ma de of clay bricks and reinforced with wire 

mesh. With one exception no strength increase was obtained 

for the conventional type of joint reinforcement. No clear 

trend regarding the effect of percentage of reinforcement 

and wire spacing for the wire mesh reinforcement is apparent 

50 faro 

The stress-strain diagrarns of series 2 are g iven in Figs . 5 

through 8. The strains given therein are those obtained from 

measurment of the displacement of the bearing platens of the 

testing machine. Fig. 5 shows the stress strain diagrarns of 

the masonry ma de of clay bricks HLz 20, c ornbined with a ce­

ment-lime mortar IIa. From this diagram as wel l as from 

Table 2 colurnn 3 it follows that the strains at maximurn stress 

are slightly larger for reinforced specimens than for plane 

specimens. However, the strains in the descending part of the 

s tress-strain diagram at two third (colurnn 4) and at one third 

(co lurnn 5) of the rnaxirnum stress are substantially increased 

by the reinforcement. Similar observations have been made for 

t he cornbination of HLz 20 and a cement mortar (Fig. 6) and 

f or HL.z 36 and a cement mortar (Fig. 7). Thus the ductility of 

the specimens has been substantially enhanced by the wire rein­

f orcement. There is a general trend that the ductility increases 

a s the percentage of reinforcement increases. An exception to 

t his is the conventional masonry reinforcement which did not re­

s ult in a significant improvement of ductility . 

As hypothesized in section 2 the wire-reinforced masonry made 

of clay bricks showed subst~ntially more cracks with smaller 

c rack width than those observed on the plane specimens. In the 

wire-reinforced masonry made of sand-lime bricks only a few cracks 

wi th a large crack width developed. These studies are being 

continued. They are supplernented by theoretical studies. At 

• this stage it appears that in materiaIs used so far the bond 

strength between mortar and sand-lime bricks is not sufficient 

to ascertain eloser crack spaeing in the rnasonry units. 
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5. Sununary 

5.1 In contrast to experiments on clay brick masonry (6) 

fiber reinforcement of masonry made of sand-lime bricks 

did not result in a significant improvement of compressi­

ve strength and ductility. 

5.2 The use of conventional prefabricated masonry rein­

forcement with large bar diameters led to an increase of 

compressive strength only in one of three cases. There 

was no substantial difference between the stress-strain 

diagrams for plane and conventionally reinforced mason­

ry loaded in compression. 

5.3 Wire mesh reinforcement of masonry made of clay bricks 

resulted in a strength increase up to 28 percent. The 

ductility expressed by the strains in the descending por­

tion of the stress-strain diagrams has been improved sub­

stantially particularly for specimen with a high percen­

tage of wire-reinforcement. 

5.4 In alI cases in which the ductility had been improved 

by wire-reinforcement an explosiv~ type failure normally 

observed on plane specimens has been avoided. The crack 

propagation has been inhibited and failure developed only 

gradually. 
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'1'abole 1: Re,ult' of S.ri., 1 : F1ber r.intoreed 'and-lime 
br1c:k lII&JIonry 

1 

_,onry IlIDrtar COlIIPr.,,1v. 'train 'train .. strain at 
r1bers suess at ulti- 2/3 of ul- 1/3 of 

MN/1II2 nate tinate ult.inate 
(PlfleMI 

'" I<. .. " 20/lII1 - 12,99 4,13 4,68 4,96 

"L 20/lIl / ItF 12 ,67 3,86 ',69 '.95 

KSL 20/III/Ll' 12,13 3,86 4,62 5,16 

lSV 60/lII1 - 34,73 7,53 8,59 8,65 

.SV 60/III/1tF 35,11 7,79 8,53 8,93 

KSV 60/1I1/LF 34,35 7,38 8,11 8,65 

'1'able 21 Resulta of Ser1es 21 lII&JIonry v1th metalUc-re1n­

forc:_nt 

J 

lII&Sonry IlIIOrtlr I COlIIPn.,ive strain strain .. Itrain It 

re1n.forc:.-nt 
atre •• It. ult1- 2/3 of ul- 1/3 of 

n ... t1nate Illt1nate 
MN/.2 (plateM) 

<SL 20/lII1 - 13,81 4,38 4,98 5,38 

UL 20/111/8-1 12,57 4,20 5,03 5,49 .. " 20/Ut/8-2 12,21 4,35 5,25 f,16 

UI. 20/IIt!5-2 12,92 4,13 4,95 5,90 

UI. 20/II1/11-2 13,49 4,41 5,'5 5," 

I<SL 20/III/HUII 12,74 4,46 4,73 5,18 

IIL. lO/Ual - 10,87 3.60 4,60 5,13 

IIL. lO/Ua/8-, 12,94 3,77 6,10 7," 

HL. lO/IIa/8-l 13,86 3,99 6,70 8,15 

1U.. 20/U./5-l 11 ,57 3,52 5,14 7,55 

1U.. lO/t1l/1l-l 1Z ,55 3,8' 5,58 7,92 

DL. lO/lIa/MUe 10,36 3,48 4,40 4,70 

IIL' 20/Utl - 15,17 2," 3,45 3, ell 

HL. lO/tlI/l-l 11,52 3,29 4,So 5.58 

IIL. 20/Ut/8-2 111,10 3,43 5,2S .,U 
HL. 20/ttI/5-2 18,45 3, " 4,10 5,11 

IIL. 20/III/H-2 ",71 2,98 5, '9 6,90 

'L. 20/UI/KUII 17,78 Z,,. 3,fO 4,3' 

IIL. 36/III1 - 1S,al 3,07 3,'0 4," 

.L. 36/Ut/a-l 111,67 3 •• f ',7a 6,'0 

IIL' lII/Ut/a-2 17.03 3.az: 6,113 1,65 

HL. 36/lU/5-2 111,49 3.56 5,2a 6,80 

IIL. 36/UI!a-2 111,24 3,sa 5,35 7," 
HL. 311/tU/M\ie 111,20 3,34 3.90 4.26 
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FIG. l-RESULTS DF SERIES 1 : 
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FIG.5·RESULTS DF SERIES 2 : 
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FIG.7-RESULTS OF SERIES 2 : 
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