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H-SHAPED CALCIUM SILICATE MASONRY SPECIMENS 

LOADED IN SHEAR 

A.T. Vermeltfoort1 

Abstract 

Masonry walls enclose rooms in buildings and may have a load bearing function. Load 
bearing walls not only transfer vertical loads but also horizontal (wind or seismic) loads. 
Masonry walls are usually bonded at their vertical intersection forming T or H shaped 
sections. In this vertical intersection, shear is an important design parameter. A standardized 
test for this type of shear is not available. Usually, the triplet shear test is applied. However, 
the triplet test is only intended to establish the initial shear strength of bed joints. Other tests 
in which shear and pre compression are applied in bed joints are the diagonal tension test 
and the compression wallette tests with inclined bed joints. 

In this paper research into the behavior of H shaped specimens loaded in shear is discussed. 
The specimens, 500mm high and 550mm long, were made from calcium silicate units with 
thin bed joints. Their dimension was roughly at a 1:5 scale, i.e. wall thickness was 50mm 
compared to wall thickness in buildings up to 300mm. Two different support conditions were 
applied. Results are compared with diagonal tension tests on masonry simultaneously made 
from the same materials, results from literature, push over tests on real sized walls and 
results from numerical simulations. The more confined specimens resulted in higher ultimate 
loads. The deformation measurements indicated the effects of local cracking. 
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Introduction 

A building can be seen as a number of rooms enclosed by walls and floors. These walls may 
have two functions: separation and load bearing. Load bearing walls are often made of 
masonry. Masonry walls around rooms, often with a rectangular floor plan, ideally are 
interconnected following the masonry bond pattern, Hodge [1993]. In the vertical section, 
joints and units are alternately present. When calcium silicate elements (CASIELs) are used 
[Vermeltfoort and Ng’Andu, 2007] only two elements and two joints will be present in a storey 
high wall while elements are 600 or 650mm in height, i.e. one quarter of storey height. 

The vertical load on walls can usually relatively easy be resisted. Lateral loads require 
structural elements from ground floor to roof to provide sufficient strength and stiffness. In 
building floor plans a structural engineer will assign lateral load bearing functions to 
interconnected walls. This results in cantilevering vertical beam elements, Vermeltfoort [2010] 
with complex structural sections with T, U, I, L, Z and other shapes, Drysdale [2004], 
Bosiljikov [2010]. Another typical situation where the flange web intersection is essential for 
providing load bearing capacity is in diaphragm walls, Lissel et al. [2000]. 

To investigate the behavior under lateral loads, walls or parts of a structure can be tested, 
Van der Meer et al. [2009], Vermeltfoort [2011] describes push over tests on T-shaped 
calcium silicate walls, 2.7 m in height. However, this type of testing may be too expensive 
and the use of smaller specimens may be considered. Then, a relationship between the 
behavior of the small specimen and the real structure must be established.  

Masonry walls are usually bonded at their vertical intersection forming T or H shaped 
sections. In this vertical intersection, shear strength is an important design parameter. 
However, a standardized test for this type of shear loading is not available [Neto et al. 2008]. 
Usually, the triplet shear test is applied to establish shear strength. This type of tests 
assumes failure under a Mohr Coulomb friction law, i.e. pre compression is relatively small 
which means that the triplet test is only intended to establish the initial shear strength of bed 
joints.  

Examples of tests on H-shaped specimens 

Tests in which the ratio between pre compression and shear is larger than in a triplet shear 
test were performed by e.g. Page [1982] on pieces of masonry with bed joints under an angle 
with the compressive load. In a diagonal tension test, according to ASTM E519 [2003], the 
joints in the central part are in a compression-shear state as well. 

To assess the shear strength of vertical interfaces of interconnected masonry walls, Neto et 
al. [2008] proposed to use a H-shaped specimen like the one shown in Figure 2. The flanges 
are supposed to be bedded on the bottom load platen, the load is applied over the full length 
of the flange. Friction in the bottom supports prevents bending with deep beam action in the 
flange. Bosiljkov [2005] applied pre compression on the flanges to simulate vertical loading  

Tests, similar to the test proposed by Neto [2008], were performed by Oliveira and Corrêa 
[2013], Camacho [1995] and Lissel, Shrive en Page [2000]. A series of test pieces with an H-
shaped cross section were tested to determine the effect of the bonding pattern on the 
strength of the web-flange connection. A nominal pressure load, roughly equivalent to a 



normal floor load was applied to the flanges to stabilize the model during and after the test. 
The deflection of body was measured during the test. 

       

Figure 1.  Specimen proposed by Neto et al. [2008], assumed load distribution and pre-
compression on flanges. 

In unbonded test pieces the web-flange interface (mortar joint and rupture of the connection) 
clearly failed while in test pieces with bonded masonry the units fractured in combination with 
adjacent units in the flanges by the force in the connecting units, Figure 2. The mechanical 
coupling via units of the web-flange interface offers a significant structural advantage versus 
a connection without units in this interface [Lissel 2000].  

 a         b      c 

Figure 2. Typical failure of flange-web connections: a) no brick in the interface met GPW; b) 
brick every other course [Lissel 2000]. c) Compression band crossing web-flange interface. 

Calculating shear stress 

In the web-flange interface of a beam with an e.g. T-shape section shear stress may be 
calculated using Jourakowskys shear stress equation. In this equation, the width of the 
interface, cross-sectional are of the beam, distances of the center of gravity of both beam and 
masonry wall and second moment of area of the composite wall-beam are the main 
parameters. However, in the ultimate situation, if the considered section had cracked, the full 
axial load must be transferred by the web-flange interface. 



Then the design value for the shear resistances is: 
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With:  

fvd = the design value of masonry shear strength; 

t = web thickness 

lc = length of interface 

VRd = Wc + Wp 
In push over tests, the shear force can be obtained from equilibrium 
conditions. At the end, the wall may fully rest on its flange and         
(almost) the full vertical load is transferred in the flange-web interface [Vermeltfoort, 2011]. 

Failure modes. 

The design value of masonry shear strength is often based on a Mohr-Coulomb friction law. 
However, in the units that cross the web-flange interface will act as dowels and shear 
capacity will be larger. Force transfer is actually more a matter of bending of the interlocking 
bricks (dowel action) in combination perhaps with some shear sliding of the head joints, 
Figure 3. For the interlocking units, a comparison can be made with shear tests performed by 
Van Mier [1997], Figure 3B. Then, bending capacity is more appropriate than shear. 

For the situation in the loaded H-shaped specimen the pre stress is relatively high compared 
with shear stress. However, for masonry under combined stresses perpendicular to and 
parallel with bed joints the failure envelope proposed by Mann-Müller [1997] may be used. 
This envelope is schematically shown in Figure 3. 

A 

   B 

       C 

Figure 3.  A.  Failure mode, Mann-Müller. B.  Scheme of shear test acc. to Van Mier [1997]. 
C.  Scheme of stresses in a unit crossing the web-flange interface. 

 



Test set up 

Besides H-shaped specimens, other types of specimens were used to establish material 
properties in detail of masonry, units and mortar.  

Masonry specimens 

Calcium silicate units with dimensions of 214 x 102 x 55 mm3 were used to build eight H-
shaped and six small walls (DDT-specimens). The units were laid on their side in thin layer 
mortar. This resulted in a wall, flange and web thickness of 55 mm. Figure 4 shows the 
specimens in the test set-up. 

Besides H-shaped specimens, small walls for diagonal testing (DDT-specimens) and triplets 
(three brick specimens) were built to be tested in compression and bending.  

         

Figure 4.  H-shaped specimen with support condition A. Diagonal tension test specimen with 
wood work for transport and safety. A specimen after testing. 

The H-shape specimens were five layers, i.e. 522 mm in height. The flanges had a length of 
two times the length and one times the thickness of the unit and two head joints, 489 mm in 
total. The width of the specimen was twice the length plus twice the thickness of the unit with 
three head joints (547 mm). Figure 5 shows the bonding pattern. Were appropriate, units 
were cut to length with a water cooled diamond toothed saw. 

   

Figure 5.  Dimensions of specimen; front and side view, specimen during building. 



Materials used and testing of materials separately 

Mortar was tested in bending and compression according to EN 1015-11 using prisms 40 x 
40 x 160 mm3. Simultaneously with building larger specimens, mortar prisms were made, 
three sets of three for H-shaped specimens and two sets of three for the DDT-specimens. 
The mean results are presented in Table 1. 

The mortar samples were taken from the container during building of the specimens. This 
may explain the lower values under tension and compression of some of the series. The 
mortar used for the H-shaped specimens had the highest strength. In the results of the five 
bending tests on triplets, mortar strength effects are not recognized. 

Table 1.  Mortar properties according to EN 1015-11 

 mortar for H-shaped specimens mortar used for DDT-specimens 
tension 6.22 3.59 5.65 5.49 3.11 MPa 
mean  (15)   4.81 (27%)    
compression 18.18 19.50 23.37 16.61 13.03 MPa 
mean  (30)   18.15 (19.3%)    

 

Diagonal tension tests according to ASTM E519 were performed to establish tensile strength 
of a piece of masonry. The dimensions were: 650 x 730 x 55 mm3. Figure 5 shows the 
specimens after testing and gives an idea about the dimensions and the bonding pattern. The 
results are presented in Table 2. 

Table 2.  Ultimate loads in kN of diagonal tension tests according to ASTM E591 

Series 1   Series 2   mean 
38.60 43.95 36.93 47.53 57.50 52.11 46.10 

     C.o.V. 7.9 % 
 

          

Figure 6.  Crack patterns of two specimens after being tested in diagonal tension 

Three masonry prisms (Figure 7) were tested in compression to fracture to establish 
compressive strength and modulus of elasticity. The following ultimate loads were found:  



155 kN, 156 kN and 158 kN respectively. The loaded area was 11770 mm2 which results in a 
mean compressive strength of 13.30 Mpa. From load deformation diagrams the following 
stress strain relationship was established: 

 σ = 0.5851*ε2 + 5.3477*ε (1) 

The modulus of elasticity (tangent in origin) equals:  E0 = 2*5348 = 10700 MPa.  Elasticity 
modulus according to EC6, i.e. at a load of 0.33 times failure load, equals:  E = 9040 MPa. 

          

Figure 7. Failed specimens and load deformation graph (3 triplets) loaded in compression.  

The mean normalized compressive strength of the units was 16 MPa. Tensile splitting 
strength (3 tests) was 3.5 MPa 

To investigate tensile bond strength, seven specimens were made by putting two or three 
bricks together in a similar way as used for the DDT- and H-shaped specimens. The two-brck 
specimens were tested in three point bending with a span of 180 mm. The three brick 
specimens were tested in four point bending with a span of 180 mm and 40mm distance of 
load points. The fractured area measured 214 x 55 mm2 in all cases. The resulting strength is 
given in table 3. 

Table 3. Strength per specimen in Mpa of three and four point bending tests 

 3 point bending  (4 tests) 4 point bending  (3 tests) All seven 
 1.01 1.05 1.02 0.95 1.02 0.91 1.13  

mean    1.00   1.02 1.01 

       C.o.V. 7.1 % 
 

Testing and load introduction H-shaped specimens 

In the tests of the H-shaped specimens, support conditions were varied. Support condition A 
allowed the specimen to move freely in lateral direction. With support condition B, lateral 
movement was prevented by using a gypsum filling.  

The H-shaped specimens were supported on two soft board slabs, 10 mm in thickness, over 
the full flange area. Consequently the web is free at the bottom. The relatively low stiffness of 
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the soft board allows for a smooth force transfer from steel supporting beams into the 
flanges. The massive steel supporting beams measured 100 x 100 mm2. Similarly, the load is 
introduced at the top via soft board plates of 55 x 55 mm2.  

A   B 

Figure 8.  Test set-up and boundary conditions, A without and B with lateral support. 

To create support condition B, at the bottom of four specimens horizontal displacement was 
prevented with a steel plate. The opening between this steel plate and the specimen was 
filled with a 10mm thick gypsum layer, as indicated in Figure 8B.  

Measurements on H-shaped specimen 

The H-shaped specimens were instrumented with LVDTs as shown in Figure 9. Measure-
ments of load and deformation were recorded every second. The results of one LVDT that 
measured the load platen displacement were used to control the test. 

Six LVDTs measured deformation in the vertical direction, Figure 9. When shear occurs 
between flange and web this will be measured by VFLA or VLFB while the other LVDTs 
measure deformation due to compression. Horizontal deformations were measured by four 
LVDTs (HA1, HA2, HB1 and HB2). 

Results of H-shape experiments and discussion 

The overall behaviour of the specimens can be observed from the measured load platen 
displacements. However, in these measurements the deformation of the soft board used at 
the load introduction points is included. Therefore, results of measurements with the LVDTs 
marked VLFA and VLFB are used. The average of left and right measurements is plotted 
against the applied load in Figure 10 for specimens of series 1 and 2. 

The graphs of the specimens of series 1 are relatively smooth and linear in the first part. 
When small cracks become visible, the graph starts to follow a second linear part under a 
smaller slope. At higher loads non linearity increases, but still the graphs can be 
schematically divided into three linear relationships. 

Load introduction 
Soft board 
55x55 mm2 

Gypsum filling 



    

Figure 9.   Position of measuring devices. 

In the graphs of series 2, at first, also a linear relationship can be seen followed by a 
considerable drop of the load. This is followed by a less steep and less linear part. A similar 
second and sometimes even a third drop occurred before maximum load was reached. 
Neglecting these drops in the graph, these graphs can also be schematised to three linear 
relationships similar to those of series 1. Mean values of these relationships are indicated in 
Figure 10. The mean load at which the second (largest) crack (Fcr2) occurred differed most 
(21.6%) between series 1 and 2, indicating a positive (strengthening) effect of the horizontal 
confined supports of series 2. 

   

Figure 10. Vertical deformation measured from bottom flange to top web, average from left 
and right, series 1 and series 2. 

The ultimate loads per specimen are presented in Table 4. The mean ultimate load of the 
horizontally confined specimens of series 2 was 11% higher than that of series 1. This 
difference is approximately equal to the C.o.V. of all eight test specimens. 

Lateral deformation measurements allowed for comparison of behaviour under both support 
conditions. Per specimen four LVDTs were used to measure lateral deformation (Figure 9). 
As examples, the results of tests 1.3 and  2.7 are plotted in Figure 11. 
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Table 4.  Critical crack load (Fcr2) and ultimate loads (Fult)  in kN 

Test number 1 2 3 4 Mean C.o.V. % 

Fcr2 Series 1 46.23 39.30 45.17 43.87 43.64 7.0 
Fcr2 Series 2 30.00 31.71 21.75 39.06 30.63 23.2 
     N.A. N.A. 
Fult Series 1 55.85 49.44 49.97 55.69 52.74 6.7 
Fult Series 2 51.35 64.47 54.47 63.48 58.44 11.2 
Fult all tests    55.59 10.3 
 N.A. = Not applicable 

  

Figure 11. Horizontal deformation at bottom of specimens, results specimen H1.3 and H2.7. 

In both figures the effects when cracking starts are visible, however, the magnitude of crack 
opening is larger in test H2.7. When cracking becomes visible both LDTs on one side react in 
a similar manor. Refer to red and green lines in Figure 11 (H2.7). This indicates a quite 
sudden development of cracks. 

Specimens of series 1 react smoother with less irregularities in the curve than the specimens 
of series 2. This also may be the effect of the different support conditions. Drops in the load 
displacement graph indicate cracking. In some cases some noise was heard. The first drop 
indicates that a bending crack at mid span occurs. Due to the rigid support in lateral direction, 
these bending cracks appeared at a higher load in the specimens of the second series. At the 
end of the tests at ultimate load the flanges came loose from the web. Figure 12 shows 
examples of specimens form series 1 and 2 after testing. Observation of the way the crossing 
units cracked confirmed the assumed load situation indicated in Figure 3. 

Numerical work 

Numerical models were developed in Abaqus  to simulate the behaviour of H-shaped and 
DDT specimens. Models were relatively simple, assuming homogeneous material with linear 
elastic behaviour. Dimensions were the same as in the experiments. 

For the H-shaped specimens bottom boundaries were varied like in the experiments, i.e. free 
and rigid in lateral direction. Modulus of elasticity was E = 6000 N/mm2, based on results of 

prism experiments, and Poisson-ratio was ν = 0,15 as commonly used for stony materials. 
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Figure 12.  Specimens after testing with an almost vertical crack in the flange web interface. 

Load introduction was simulated by applying a pressure-load of 1000 kN/m² on each of the 
two 55 x 55 mm2 surfaces, resulting in a total load of 60kN.  

The applied mesh 55 x 55 mm2 is shown in Figure 13. The number of elements was limited to 
1000 by the used Abaqus version, however a reasonable impression of principal stress 
distribution over the specimen's volume was obtained. Figure 13 shows the critical areas in 
vertical wall-flange intersections and deep beam action in the flange-bottom.  

 

Figure 13. Principal stresses in H-shaped specimens 

Concluding remarks 

Several researchers used H-shaped specimens to establish the shear capacity of the web-
flange interface. This paper the focus is on the boundary condition in the test.  

The observed fracture patterns confirmed that the units that crossed the vertical interface 
contributed considerably to load bearing capacity.  

The behaviour of the laterally confined specimens was, in general similar to that of the un 
confined specimens, however, their load deformation graphs were less smooth. This was due 
to more sudden local failure. 

The contribution of interlocking units by dowel action to the shear capacity of the web flange 
connection was observed and a more shear-compression failure criterion, than a friction law 
criterion, according to the Mann-Müller failure envelope, will be appropriate to estimate the 
capacity of this connection. However, further research is required. 
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