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Much r esearch work and rnany practical applications have proven in 

t he last decades the favorable behavi or of reinforced masonry. 

Nevertheless, there are some questions about the requirements 

necessary to ascertain a reliable and durable corrosion protection 

of the reinforcernent, embedded in masonry jOints . In this reparti 

a n example of the 10n9 t ime performance of a partially reinforced 

masonry structure is presented. The following p ropasals for 

c orrosion protection of reinforcernent are based on experimental 

i nvestigations into the corrosion behavior of masonry reinforce­

me nt. 

TO stu dy the favorable infIuence of reinforcement in mason r y struc­

t ures on the crack deveIopment in an exterior wall during service , 

a 3 - s tory apartment buiIding made of masonry with lightweight 

c oncrete hollow blocks was constructed in the years 1957 t o 1958, 

using steel reinforcement in the bed joints in t h e first joint 

beIow the window openings . Two types of reinforcement we re appIied : 

s mooth stee l bars, d iamete r 8 mm with end hooks and weIded wire 

f abric , wire spacing 50 mm, diamete r of the wires 3 mm. Figure 

s hows the two types o f reinforcernent and Fig. 2 illustrates the 

p lacement in the wall section. 

The i nve stigation of the crack developrnent due to externaI loads, 

s hrinkage and creep deforrnat i ons after 18 and 36 months of service 

s howed that reinforcement in one mortar j oint below the window 

o penings reduced the c rack development substantially , th u s c on­

t ributing to the integrity of the wall / 1/. 

I n t he course of renovation, this building was revisited in 1980 

a nd a third study of the crack de velopment after longterm exposure 

t o service conditions could be conducted. Furthermore, the corro­

s ion behavior was investigat ed by inspection of the reinforcernent. 

1567 



Crack development in the exterior wall 

In order to quantify the crack development of a wall section, the 

vertical projection of the surface cracks and the rnaximum crack 

width for each crack were measured in alI wall sections with win­

dow openings. For each window opening a characteristic value was 

calculated through the summation of the vertical crack projection 

multiplied by the crack width for each crack observed, thus yiel­

ding a total crack area for each window R: 

" 2J R = vertical projection of crack x crack widt~ ,mm 

The results of this investigation together with the results from 

the twa preceeding studies in 1959 and 1961, are summarized in 

Fig. 3. (First floor). 

These r e sults showed a substantial increase Df R with time. 

From thus we may conclude that there was a considerable increa se 

of deformations in the exterior walls even after the second in­

spection in 1961, due to longtern creep deformations and most 

likely due to differential settlement of the foundations. Window 

openings with welded wire fabric showed much lower values of R 

than window openings without reinforced rnortar joints. wall s ec­

tions with wi ndow openings, where 2 smaoth rebars, diameter 8 mrn , 

were applied, did not perform as favorable as wall sections with 

welded wire fabrico However in most cases, a reductian of the 

crack d e veloprnent was abserved as well. 

Corrosion behavior of the reinforcement 

In arder to inspect the corrosion behavior of the reinfarcement, 

the surface finish of the wall was removed and the reinforced bed 

joint was o pened up to the mid section of the wall. 

In alI cases, the surface of the re i nforcement was covered with 

a thick layer of rust, penetrating several millimeters into t he 

joint mo rtar. A microscopic examination of the remaining stee l 

diarneter showed in an extreme case a reduction of the crass s ec­

tion by 43 percent (Fig. 4). When phenolphthalein was applied 

to the mortar, no indication of a high alkalinity of the mor tar 

could be observed. The corrosion protection of the reinforcement 

in an alkaline environrnent was lost due to carbanation of the 

joint mortar. 
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~aboratory tests on the building materiais used, showed that the I :PPlied exterior surface finish had only a low resistivity to 

CO2-diffusion into the interior sections of the wall. A chemical 

analysis Df the joint mortar indicated a low content of cement 

a nd lime, 50 that in combination with a very high porosity of 

42 percent, the carbonation of the mortar could proceed rapidly, 

l eading to an early corrosion attack on the reinforcement. /2/ 

Experimental investigation of the corrosion behavior of joint 

r einforcernent. 

I n experimental studies carried out in context with research work 

f or the formulation of the new German Standard DIN 1053 - Part 111 

Reinforced Masonry, the corrosion behavior of steel reinforcement 

embedded in rnasonry joints was investigated. In the first part of 

t he experimental work, the corrosion protection of the reinforce­

ment was investigated in rnasonry units, meeting the reguirernents 

according to DIN 1053 - Part I. 

The results obtained proved the abave mentioned reguirements not 

t o be sufficient for a longterm corrosion protection of a steel 

r einforcement, due to a rapid carbonation progress in the mortar 

j oint , which was mainly caused by a high CO2-diffusivity of the 

cement mortar itself. (Cement : sand ratio = 1 : 4 by volume) 

Also, masonry units with low compressive strength could not 

e xhibit a sufficient CO2-resistivity, so that considerable amounts 

o f CO
2 

could penetrate the bricks and cause a carbonation progress 

i n direction of the minirnum joint extension, i.e. the height of 

t he bed joint /3/. 

Proposals for corrosion protection requirernents 

Further experimental investigations were directed towards a more 

deta iled formulation of measures for corrosion protection of the 

r ein forcement. Two different approaches appear to be promissing: 

1. The progress of carbonation has to be restric­

ted, 50 that the reinforcement is always em­

bedded in mortar of high alkalinity. 

2. The reinforcing steel itself is protected 

against corrosion. 
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Dense, high strength building materiaIs 

The progr ess of carbonation of the mortar joint is controlled 

by the diffusion of carbon dioxide into the mortar o Because the 

diffusion depends on the pre sence and the amount of continuous 

capillary pores in the mat r ix, an increased carbonation resi­

stance of the mortar can be accomplished by a r educed water cemen t 

ratio, which determines the amount of continuQus capillary pores. 

Experiments ' on 20 different rnortar rnixes with water:cernent ratios 

ranging from 005 to 10 0 were carried out o The tests showed, tha t 

masonry mortars with a low w/c-ratio and therefore with a low 

CO 2-permeability can be rnade. However, sufficient workability 

can be obtained only through an increase of the cement contento 

Table 1 shows the compositioD, compressive strength and the ex­

perimentally determined diffusion coefficients for CO2-d iffusion 

for 5 different mortar rnjxes . 

The investigation of different rnortar mixes indicated, that 

favorable mortars for reinforced masonry should have a cement:sand 

ratio of 1:2.5 to 1:3 by volume. The waLer :cement ratio should 

not exceed 0075 for ordinary portland cement (Ope) o 

The use of such dense, high strength mortars is favorable, how­

ever, only in combination with dense high strength masonry units 

with a high resistivity towards CO2- diffusion, so that a CO2-

transport through the bricks is strongly restricted, and no car­

bonation progress in the vertical direction takes p lace in the 

reinforced bed jointo Eo go clay bricks and sand-l ime bricks 

with compressive strengths > 28 MN/m2 meet th is r egui r ementso 

The minimurn mortar cover of the r einforcement towards the surfa ce 

of the wall should be at least 40 mmo 

For high strength masonry , where the thermal insulation propert ies 

of the masonry itself are not the primary parameters for materia l 

selection, the use of these bui lding materials with superior gua ­

lity appears to be promissingo 
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cement based plaster with low porosity 

An extensive carbonation of the mortar joint can be prevented, 

when the masonry is protected against the carbon dioxide trom 

the surrounding atrnosphere by means Df an apropriate surface 

finish on the entire structure. Cement based plasters of sufficient 

th ickness can limit the carbonation attack to the surface finish 

itself. However, this requires a compos ition of the surface finish 

comparable to the mix proportions of the dense , high strength 

masonry mortars. Thus the water:cement ratio should b e lirnited 

to 0.75. A thickness of the surface finish of at least 20 mrn seems 

necessary. 

Impermeable coatings 

Modern lightweight building materiais for housing projects need 

improved therrnal insulation properties which are often achieved 

by rneans of a high porosity of the material. Such materiaIs can­

no t effectively restrict the carbon dioxide diffusion.ln arder 

to prevent CO
2 

penetration into the inter ior of the rnasonry, 

specia l surface coatings with very high resistivity to CO 2-dif­

fu sion can be applied to the surface of the wall. 

Two of these epoxy-based coatings, which are norrnally used in the 

re pair of reinforced concrete structures, were investigated. In 

t he diffusion experiments, no CO 2-penetration was observed. Thus, 

these surface coatings, which are almost impermeabIe for CO 2 , can 

provide a carbonation protection for rnortar joints in porous 

lightweight structures. 

Coated reinforcernent 

I n alI cases, where dense, high strength building materiaIs cannot 

be used and where suitable surface finishes are not provided, addi­

t i ona l rneans for corrosion protection o f the reinforcement are 

necessary. 

Corrosion resistance of steel reinforcement can be accomplished 

e. g. by durable coatings. Galvanized steel or organic coatings, 

a s they are applied to reinforcement for expanded lightweight 

concrete, can provide a reliable corrosion protection, however all 

coatings should be applied to the prefabricated bars, because 

subsequent bending may crack the coatings. 
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When corrosion protection of the reinforcement is provided by 

durable coatings on the surface Df the steel, no special require­

ments for the quality of the other building materials with regard 

to corrosion protection is necessary. Reinforced masonry can be 

designed also wi th modern lightweig!lt building materLlls wi th 

improved thermal ins ulation properties . 

Reinforced masonry structures, exposed to se vere service conditions 

- for examp1e where corrosiv~ions such as chlorides or sulphate s 

etc. are present, may need a cornbination of the above mentioned 

requirements for a sufficient corrosion protection. 

Summary 

In the case of a 3 - story apartment bUilding, the beneficial in­

fluence of a joint reinforcement on the crack development in the 

surface of the walls was demonstrated. However, due to the high 

porosity of the building materiais used, no 10ng term corrosion 

protection of the rcinforcement was provided, 50 that alI rein for­

cernent showed corrosion attack. 

Requirements for a durable and reliable corrosion protection of the 

reinforcernent, ernbedded in rnasonry mortar should consider the 

quality of all builãing materials used. 

Plain reinfo rcement can be applie d only, when dense, high strength 

masonry mortars with Iirnited w/c - ratio are used in cornbinat ion 

with dense rnasonry bricks . A rninimum mortar cover of 40 mrn appears 

reasonable. 

Apropriate cement based pIasters on a masonry structure can contri­

bute to the corrosion protection of the reinforcement in preventing 

carbonation of the mortar joint. 

When durable coatings are applied to the reinforcement, the corro­

sion protection is independent of the quality of the building 

materiaIs. 
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Fig. 4 Cross section of corroded reinforcement 

Table 1 Mix proportions of masonry mortars 

Mortar No. Cement Sand Water Additives Bd DC0 2 ---
(Volume Parts) Cement (N/mm2 ) (mm2 /s) 

1 1 OPC 3.5 0,75 2 % + 14.55 33 x 10-2 

2 1 OPC 2.5 0.75 - 30.24 13.5 x 10-2 

3 1 OPC 3.5 1. O - 18.72 30 x 10-2 

4 1 HPC 3.0 0.85 - 28.05 11 x 10- 2 

5 1 HPC 3.5 0.95 - 23.15 15 x 10- 2 

OPC: ordinary portland cement + Plasticiser 

HPC: high early strength portland cement 
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