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11 th INTERNA TIONAL BRICKJBLOCK MASONRY CONFERENCE 

TONGJI UNIVERSITY, SHANGHAI, CHINA, 14 - 16 OCTOBER 1997 

PREFABRICATED VENEER ELEMENTS IN PRESTRESSED 
CLAY BRICK MASONRY: THE PILOT PROJECT 

1. ABSTRACT 

Dirk R. W. Martens' 
Hans van den HeuveP 

During the past ten years much research has been carried out in the Netherlands on ways 
to prefabricate veneer elements in prestressed masonry, as an initiative of the Ruyal 
Union of Dutch Brick Manufacturers (KNB). An earlier report was made of the results 
af this research at the 7th Canadian Masonry Symposium in 1995 and at the 7th North 
American Masonry Conference in 1996 [1 and 3]. 
Thanks to the satisfying results of the experimental research, Prof. ir. A.J. Hogeslag of 
Delft University of Technology decided to build his own dwelling-house with 
prefabricated veneer elements in prestressed brick masonry. At the end of 1996 the 
production of the prefab elements was started and in the spring of 1997 the veneer 
elements were assembled on the building site. In this articIe a description is given of the 
complete process of design, production and execution. 

2. INTRODUCTION 

In 1987 the KNB established the BRIK research programme. Its objective was to 
extend the field in which cIay brick masonry could be applied. In one of the projects 
research had to be done on the technical and economic feasibility of applying veneer 
elements in prestressed masanry. 
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The most important advantages of prestressing veneer elements in masonry are: the 
ability to prefabricate them and the lower relative weight with respect to the often used 
sandwich wall elements in concrete a.Tld masonry. 
The technical concept is based on bricks that have two conical holes through which the 
prestressing elements are introduced. After prestressing, the openings and joints are 
filled with high quality cement grout [1 and 3]. From a feasibility study carried out by 
lhe Technical Center for the Ceramic Industry (TCKI) in De Steeg (the Netherlands), it 
appeared that the perforated bricks can be made according to the "hand-form" (soft 
mud) and the wire-cut procedure. This research boosted further research into the 
optimization of the raw material and energy consumption involved with brick 
production. 
After preliminary research was carried out by the engineering consultants Corsmit from 
Rijswijk (the Netherlands) into the technical feasibility of this new building system, it 
was decided to verify experimentally the validj{y of the theoretical considerations. To 
this purpose, four-point bending tests, pull-out tests and prestressing tests were carried 
out in the Pieter Van Musschenbroek laboratory at Eindhoven University of 
Technology. These experiments were already reported on during the seventh North 
American Masonry Conference (South Bend) in 1996. 
On the basis oftbe positive results ofthis research, Prof.ir. A.J. Hogeslag decided to use 
the building ofhis own house in Winterswijk (the Netherlands) as a test project, making 
use of the new building system. Both the architectonic design, the constructive design, 
and tbe execution ofthis project will be described and evaluated in further detail. 

3. ARCIDTECTURAL DESIGN 

As the basic idea for the design, the architect Prof. J. Kristinsson opted to demonstrate 
the various possibilities of this new building system using prefabricated masonry by 
means ofthe design of the building. In the first draft designs he therefore deviated from 
the classic pattem of 10cating the walls in vertical positions; all walls were set at an 
angle. For practical purposes his client did not accept this revolutionary concept. In the 
final design the walls are placed vertically, but that does not mean tbe building has an 
ordinary design, as becomes clear from the facade drawing in figure 1. By making the 
bed joints of some veneer elements vertical, and by executing the roof of the garage in 
prestressed clay brick masonry, the architect has succeeded to demonstrate the many 
potentials ofthis new building method in an aesthetically responsible manner. 

4. CONSTRUCTIVE DESIGN 

From the theoretical and experimental research at the technical universities of Delft and 
Eindhoven, it was possible to deduce the following basic principIes for the calculation 
ofveneer elements in prestressed masonry [1 , 2 and 3] : 

- In order to avoid problems with the adhesion between the prestressing reinforcement 
and the masonry, under design load, the stress in the reinforcement may never 
exceed the initial prestress. 

- It is realistic to take a loss of prestress of 20% into account. 
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zuid-west gevel '" _.-

Fig.] Drawing ofthe south-west wall of Hogeslag's house (Prof. J. Kristinsson). 

The constructive design ofthe veneer elements for Hogeslag's house was carried out by 
the engineering consultants Corsmit (Rijswijk, the Netherlands). Here, different, slightly 
more conservative, bases of design were maintained: 

- Under design load no cracks may occur: compressive stress in each fiber. 
- The minimum prestressing reinforcement is determined by the condition that the 
prestress, taking into account the loss of prestress, is at least equal to the design 
value for the maximum tensile strength. 

- A loss of prestress of 20% is taken into account. 
- At the serviceability limit state, the lateral deflection may not exceed 1I300th of the 

height of the wall. 
- The transverse reinforcement is at least equal to 20% of the main reinforcement 

(longitudinal) . 

The most important loading of the veneer elements is the transport loading and the wind 
loading. The wind loading was determined as follows: 

- The reference mean velocity wind pressure is equal to 0.46 kN/m2. 
- The wind pressure coefficients are: 

cd = 0.8 for the wind pressure on the outside leaf 
Cz = -0.17 for the internai pressure in the cavity 

- The partial safety factor for the wind load Yw= 1.3 
- The wind loading on the windows is directly transferred to the inner wallleaf 

The mechanical and geometrical characteristics of the masonry and the prestressing 
reinforcement are summarized in tables I and 2. From experimental research it has 
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become c1ear that with the mortar type used, it is possible to realize an initial 
prestressing force of 30 kN per prestressing wire with a diameter of 5 mm. This value 
was used for calculations of the veneer elements. The minimum reinforcement in the 
elements was determined through the design value of the largest tensile strength. In 
table 1 it can be seen that this value is equal to 0.33 N/mm2

• According to Corsmit's 
bases of design, the minimum prestressing force has to be equal to: 

Fp = 1000 mm x 100 mm x 0.33 N/mm2 = 33 kN/m 

Taking the initial prestressing force of 30 kN into account with a loss of prestress of 
20%, we find a maximum distance between the prestressing bars of 730 mm. Since the 
holes in the bricks are separated by 110 mm, the maximum distance between the 
p{estressing wires is found to be equal to 660 mm. In the most criticaI element, the 
distance w~ only 330 mm. In figo 2 the drawing of the reinforcement of one of the 
veneer elements is depicted as an example. 

Table 1. Mechanical and geometrical characteristics ofthe masonry 

- Type ofbricks: red hand-form brick with two conical holes 
- Dimensions ofthe brick: 210 x 100 x 55 (L xB x H) 
- Mean compressive strength of the bricks: fb = 25 N/mm2 

- Type of mortar: high quality grout (brand: Beamix Five Star) 
- Mean compressive strength ofthe grout: f., = 70 N/mm2 

- Representative compressive strength ofmasonry; Ím;rep = 8 N/mm2 (NEN 6790, table 1) 
.- Partial safçty factor for the masonry Ym = 1.8 
- Design value of the compressive strength of the masonry: f md = 8.0/1 .8 = 4.44 N/mm2 

- Design value of the flexural strength oi the masonry perpendicular to the bed j oint: 
f;,,;.L;d = 0.17 N/~2 

- Design value of the flexural strength of the masonry parallel to the bed joint: 
t:..:1I;d = 0.33 N/mm2 

Table 2 Mechanical and geometrical characteristics ofthe prestressing reinforcement 

- Typepfprestressing steel: FeP 1770, hot dip galvanized 
- Tensile strength of the prestressing steel: t;,u = 1770 N/mm2 

- Yield strength ofilie prestressing steel: t;,y = 1610 N/mm2 

- Design value ofthe tensile strength ofthe prestressing steel: t;,ud=t;,jl.1 = 1610 N/mm2 

- Diameter ofprestressing reinforcement = 5 mm (section: ~ = 19.63 mm2
) 

At Eindhoven University of Technology a calculation was made of the moment
curvature-diagram of some elements, as they were calculated by engineering consultants 
Corsmit. From such a diagram (fig.3) it is possible to determine the deformation 
behaviour and the ultimate bending moment of the prestressed masonry element. It is 
c1ear from figo 3 that, after the loss of prestress has occurred, the ultimate bending 
moment is more than twice as large as the cracking moment and six times larger than 
the design moment. 
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In the research programme of the chair of Masonry Structures at Eindhoven University 
of Technology, provisions were made to verify experimentally these calculations by 
means offour-point-bending tests. 
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Fig. 2 Reinforcement drawing of element 16 (Engineering Consultants Corsmit). 

800 

700 

600 

Ê 
u 500 z 
:!!. 
::li 400 
c .. 
E 300 o 
E 

200 

100 

~ ~ ultima! bandIng r jomant .. 
~ ~ 

.Y f'-- y!eldinç oflhe 

1 
M wi1hout tension stiffening bf-.~ ~----- . 

- - - M with tension stiffening 

II desó nrnomant --Mdesign 

- -Mcrac)<ing 
o 

o 0,02 0,04 0,06 0,08 0,1 0,12 0,14 

curvature K (11m) 

Fig. 3 Theoretical moment-curvature-diagram of element 16. 
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5. PREFABRICATION 

The manufacture of the elements was carried out by Sterk Bedrijven at Rossum (the 
Netherlands) which already has much experience with the prefabrication of masonry. 
The prestressing ofmasonry, however, was a technique that was new to Sterk Bedrijven. 
The production process of the veneer elements, as determined by Corsmit, is given in 
the flow chart of figo 4. 

maklng productlon drawings 

maklng holes in the brlcks 

placing the protective material In the mould 

placlng 'he brlcks In the mould 

Introducing the prestresslng bars through the openlngs In the brlcks 

prestresslng of the reinforcement 

hardenlng ofthe grout 

releaslng the prestressing anchors 

tiltlng over the mould (tiltlng table) 

reinovlng the protective material 

flnishlng the jolnts and edges 

transport to stock yard 

transport to building site 

Fig. 4 Flow chart for the production of prefabricated veneer elements. 

At the start of production the scheme had to be altered. It proved nearly impossible to 
insert the prestressing bars into the holes in the bricks, because they were not perfectly 
straight. The solution was to a slit into the bricks, so that the reinforcement could be 
introduced into the slits from above (fig. 5). 
In order to familiarize themselves with the technique, Sterk Bedrijven carried out a strict 
quality controI. Test cubes were made of each mortar batch on which compression tests 
were carried out for different hardening times. Moreover, pulJ-out tests were carried out 
to check the bond strength between the hot dip galvanized prestressing reinforcement 
and the mortar. Accurate measurements were also made of the slip of the prestressing 
wires after the release ofthe prestressing anchors. 
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With the production ofthe first unit, it was detennineà that the slip was too large, which 
resulted in too little prestressing. From the pull-out tests it became clear that the 
adhesion between the reinforcement and the grout was very low. After various 
techniques had been tricd out to improve this adhesion, a suitable method was found. It 
consists of treating the hot dip galvanized prestressing bars with an epoxy mortar, so 
that the surface of the bars becomes rougher on the one hand and the chemical reactions 
between the zinc and the cement grout are prevented on the other hand. 

Fig. 5 Bricks with slits placed in the mould. 

After the adhesion problem had been solved, the production of the elements could get 
underway and the flow chart in figo 4 could be completed. The total production cycle per 
unit was 2 days on average. 
The protruding prestressing bars were used to lift the elements. These bars were coupled 
onto the crane installation by means ofwedge anchors. After the protective material was 
removed and the day sides of the windows were completed, the veneer elements were 
transported to the stock yard. The elements were stored until there were enough 
elements for assembly. 

6. ASSEMBL Y ON THE BUILDING SITE 

The assembly of the veneer elements follows the same principIes as those of 
prefabricated concrete elements. The bottom elements rest on the foundation and are 
horizontally anchored to the load bearing construction at the topo For the anchoring in 
the foundation holes were made in the e\ements in which the protruding bars ar~ 
anchored (fig. 6). At the top ofthe e\ements threaded rods are cast in the masonry (fig. 6 
and 7). Steel strips are attached to these threaded rods, which are anchored to the load 
bearing construction (floor or roof) by means ofbolts. These threaded rods also serve as 
links for the coupling of elements stacked on top of each other. 

The horizontal joints between the elements are finished with a mortar joint, so that they 
are hardly visible. The vertical joints consist of open movement joints. 
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As with all prefab systems, perfeet dimensions are of essential importanee. During 
assembly, however, it tumed out that the position ofthe holes in the veneer elements did 
not always eompletely match the position of the anchors in the foundation. 
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Fig. 6 Detail ofthe anchoring 

7. THE FINAL RESULT 

Fig. 7 Veneer element on the stock yard 

Despite some practical problems with the execution, the test project with prefabricated 
elements in prestressed c1ay brick masonry was completed successfully. Thanks to the 
prefabrieation, the bricks were positioned in completely regular pattems, which is nearly 
impossible with traditional building (fig. 9). Both the arehitect, the manufacturer, and 
the builder were very enthusiastic about this building method. 
To popularize this new building technique for masonry, the KNB organized a 
demonstration day on 17 April 1997. That day all Dutch arehitects and builders were 
invited to attend the assembly of the final roof unit of the garage (fig. 9). There was a 
great deal of interest in the new building method and the reactions to it were positive. 

8. FUTURE RESEARCH 

By carrying out the first test project, it was possible to demonstrate that the use of 
prefabricated veneer elements in prestressed masonry has many applications. At 
Eindhoven University of Technology theoretical and experimental research is 
continuing to optimize this building method. Through the optimization of the 
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production and assembly, it wi11 become possible to lower the cost price, to improve the 
working conditions, and to raise the quality ofthe end product. 

Fig. 8 Finished house. Fig. 9 Placing of the last elements 
during the demonstration day. 

In production the objective will be to increase ·the application of automation and 
robotics. In figo 11 a flow chart is given of an optimal production processo 
To prevent possible corrosion problems, it would be best to replace the hot dip 
galvanized prestressing steel with prestressing rods in carbon fiber reinforced plastic. 
Experimental research has already demonstrated that it is technica11y possible to use 
carbon rods as a prestressing reinforcement [4). At present the high costs are the only 
barrier preventing its application. 

9. CONCLUSIONS 

The execution of the first test project in which prefabricated veneer elements in 
prestressed c1ay brick masonry were applied, was successful. As with every pilot project 
a number of teething problems had to be overcome. These practical execution problems 
could however be solved quite easily, so that we can now state that this building method 
is ripe for pradical application. Further optirnization should be carried out to reduce the 
cost price for production. This building method is a large step forwards in any case, in 
the direction of prefabrication and automation in the building processo 
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Computer-aided preparation of productlon drawings 

computerized placing of the protective material and 
the formwork for the openings in the mould 

placlng of the bricks io tbe mould usiog a robot 
gulded by the productlon drawlng 

casting of the normal quality grout and rapid hardeniog of the grout 

milling of the slits + sawing or drilling of the anchoring openings + 
cuttlng off edges at ao angle where oecessary 

placlog of (carboo) prestressing elements and aochor ban in the slits 
by means of a robot 

prestressing of the reinforcement (Iong line casting bed system) 

castiog of high quality grout io the slits 

r~pld hardenlng of the grout 

cutting of the prestressing reinforcement (applying prestressing) 

tllting of the mould (tiIting table) 

removlog of the protectlve material 

quality control + f1nishing aod repair of the jolnts and edges 

transport to the stock yard 

transport to the building site 

Fig. 11 Flow ehart of a flexible automated produetion proeess 
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