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Abstract

Reinforced masonry elements stress-strain state modelling allows to define places in which stresses and strains are maximum. It is
necessary to pay special attention to these places during experimental investigation. Accepted models of structures are adequate and
corresponded to real constructions. Using computer modelling by the finite element method, the finite element size influence on the
calculation accuracy is determined. The necessary resources of a personal computer to create and calculate such a model are sufficient
and suitable for studying modelled structures stress-strain state. Good convergence of the deformations obtained from the resistive-strain
sensors during the experimental investigations and according to the numerical modelling results is received.
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1. Introduction

Computer modelling with commercial software packages
(ANSYS, NASTRAN, SCAD, Cosmos, ASKA, LIRA,
MONOMAMH, etc.) is intended for the stress-strain state (SSS)
numerical research on the computer, stability of structures in
general and their elements and detection of dangerous stress
concentration areas [1]. Such computer modelling allows to
reduce the volume of experiments and reduce their cost [2].
Bearing capacity increasing and reducing the deformability of the
building structural bearing elements, made from brick preserving
the original sizes (that is, the same amount of consumables), is
always an urgent task of research work. The aforementioned
issues can be partly solved by reinforcing meshes using in
masonry [3, 5].

2. The Order of Samples Model Creating and
their Analysis

Numerical modelling of SSS is made in NASTRAN system [4, 6-
12]. This finite-element analysis program has been recognized as a
leader in this field because of the complete overview of the
different physical materials nature phenomena which being stud-
ied. The training demo version of SDRC-FEMAP 8 / 1a S/ N
000-00-00-DEMO-406F-00000000 was used.

The investigated model of reinforcement masonry in plan is 250 x
1050 mm, height is 1050 mm. In this case the mark of brick is
M75, mark of mortar is M50. The masonry was reinforced through
three rows (225 mm) with reinforcing mesh, the diameter of bars
is 4 mm and the size is 50 x 50 mm (see Figure 1).

Geometric models of the studied virtual samples were directly
created in the subprogram Femap. The global Cartesian
rectangular coordinate system was used in creating of the samples

geometry. Initially, a flat cross-section of the masonry explored
model was created with the help of straight lines defined by the
joint points coordinates. The three-dimensional design model
(masonry) was formed by extending the model shape formed in
advance by the given direct plane boundary surface. To specify
the reinforcing bars, it is necessary to prioritize their direct
location in a solid (masonry). For this, the solid body was cut by
the planes, at the intersection of which lines for the subsequent
placement of reinforcing bars were formed. Checking of geomet-
ric characteristics of the created flat section was made: the area,
the position of the gravity center, the inertia moments, the
resistance moments and the inertia radius relative to the main
axes.

Materials of the model (masonry and reinforcing bars characteris-
tics) were separately specified as isotropic. All properties of mate-
rials were given in the form of scalar quantities. The value of the
materials physical and mechanical characteristics (Jung's
elastic modulus E and the coefficient of transverse deformation v)
and the deformation law (c-€) were taken in accordance with the
current normative documents. During the structures modelling it
was assumed that they work in elastic-plastic stage. Therefore,
when the materials characteristics were given, two-line depend-
ences between load-deformations were taken into account. For
reinforcement of the class Bp-l, the initial elastic modulus
E=2x10° MPa was used, the failure stresses (the conditional
reinforcement yield line) o0.:=494 MPa, the deformation
£,=2,47x107% the temporary resistance of the reinforcement
o, =659 MPa. For the masonry, the initial elasticity modulus
E=2x10* MPa was given, the failure stresses at the cracks
formation moment in the masonry .= 4 MPa, the deformations at
this limit £,=2,00x10.
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Fig. 1: Constructive scheme of the reinforced masonry investigated model.

According to the analysis results (see Table 1), for the creation of
a samples finite element grid, it was decided to use three-
dimensional elements of type in solid form of hexahedrons. To
create a finite element reinforcing mesh frame and steel structures
linear amplification (angles and bands) we used linear elements
such as Beam pointing the section shape (Circular Bar or Rectan-
gular Bar) and its size (Diameter and Height or Width). The ele-
ment side size was taken as 25 mm, which is about 2.5% of the
maximum model size (height or length).

Table 1: The results of the masonry model breakdown into various
volumetric finite elements

e eltranmrﬁnts Slet Type of finite elements
tetrahedron hexahedron

10

(1/100-h) 748259 160436
- 151046 19740

(1/40-h)
50

(1/20-h) 35590 3036

After the breakdown of the modeled element details (masonry and
reinforcing bars), the finite elements were carried out by combin-
ing the matching joints along its length. The finite-element meshes
of the model details are shown on figure 2.

The sample was loaded on the upper site at the size of
250 x 250 mm. The sample lower horizontal surface had a hard
clamping across the area (see Figure 1).

After a finite-element analysis, a plurality of stress and strain dis-
tribution diagrams were obtained for the masonry and
reinforcement surface. The most characteristic of them are given
below.

Thus, for example, in Figure 3, a-c, the distributions of normal
stresses toward the vertical axis z of loading o, normal toward the
horizontal axis x of the specimen (along its long side) &, and the
tangential shear stress 7, in the plane zx on the masonry surface of
the specimen 13AII-0,24. Figure 3, d shows the distribution of
stresses in the reinforcing mesh of the sample 13AI1-0,24.

In addition to the color diagrams showing the stress distribution
the color scales specifying the color and the corresponding numer-
ical value of stresses in MPa are shown. The strain distribution
diagrams on the surface of the reinforced masonry also show a
deformed state from the applied load. Comparison of maximum
compressive and tensile stresses values for different types of load-
ing is graphically done (see Figure 6).
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&

Fig. 2: a) Finite-element mesh of reinforcing bars. b) Finite-element net of
masonry block in the form of hexahedrons.

The sample was loaded on the upper site in the size of
250 x 250 mm. The sample lower horizontal surface had a hard
clamping across the area (see Figure 1).

The modelling of the stress-strain state was performed for three
elements of clay masonry, the size and loading of which corre-
sponded to experiment. The samples differed in the width of the
site of the applied loading, as well as the value of the applied fail-
ure load. Table 2 lists the value of the applied failure load and the
dimensions of the sites to which this load has been applied, ac-
cording to the sample cipher. Table 3 shows outlines of simulated
samples that are similar to experimentally tested specimens (see
Figure 3).

After a finite-element analysis, a plurality of stress and strain dis-
tribution diagrams were obtained for the masonry and
reinforcement surface. The most characteristic of them are given
below.

Thus, for example, in Figure 4, a-c, the distributions of stresses
which are normal toward the vertical axis z of loading o, normal
toward the horizontal axis x of the specimen (along its long side)
o, and the tangential shear stress z,, in the plane zx on the surface
of the masonry specimen 13AIl-0,24. Figure 4, d shows the
stresses distribution in the sample 13AI1-0,24 of reinforcing mesh.
Comparing the received stress values, shown in Figure 6, we can
make the following conclusions. The greatest stresses are the nor-
mal stress o, toward the longitudinal axis of loading. Tension of
compression is 10-20 times greater than the tensile stress in ma-
sonry.

Table 2: The applied failure load value and the size of the places

Sample code 13A11-0,1 13A11-0,14 13AI1-0,24
D't'r‘]‘eers‘;:ggfe“ 1050%250x 1050x250% 1050x250%
hxb x|l mm 1050 1050 1050
Load platform
width 100 150 250

lioc, MM
Ultimate load

F kN 478 556 1000
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Table 3: Outlines of samples

Sample code Outline of sample

13A11-0,1
b
13A11-0,14
A

13A11-0.24 13A1]-0,24

The highest values of stresses &, have at the slightest load platform
(loc = 100 mm) for the sample 13AI1-0,1 equal to 19.46 MPa. The
stresses have the smallest values for the sample 13AIl-0,14
(loc = 150 mm) and are equal to 15.08 MPa.

Fig. 3: Tested samples failure character

Normal stress o, toward the horizontal axis x of the specimen
(along its long side) reaches the highest value in the sample
13AI1-0,1 at l,oc =100 mm and 18.52 MPa. The smallest of these
stresses is in the sample 13AI1-0,14 at I, = 150 mm and is equal
to 13,96 MPa.

The tensile shear stress t,, in the zx plane is the largest for the
sample 13AI11-0,24 at ;o = 250 mm and is equal to 5,03 MPa. The
smallest of these stresses is in the sample 13AIl-0,14 at
li,e =150 mm and is equal to 4,43 MPa. The dispersion of these
stresses is 11.9%.

The size of the stresses in the reinforcing bars has a slightly differ-
ent character than the stresses on the masonry surface. Directly
under local loading platform at the top mesh reinforcing bars
tensile stress developes. As wider the loading platform, as longer
is reinforcing bar working in the tension. They reach the maxi-
mum value in the sample 13AI1-0,24. In these areas meshes width
of the tensile stress increases, confirming theoretical spread angle
under the load 45°.
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Fig. 4: Stress distribution (MPa) on the sample 13AI1-0,24 surface: a)  Fig. 5: Stress distribution (MPa) on the surface sample 13AII-0,1:
normal o;; b) normal oy; ¢) tangent 1, d) in the reinforcing meshes bars. a) normal o,; b) normal oy; ¢) tangent 1,4 d) in the reinforcing meshes bars.
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13AT1-0.24
13AT1-0.14

13AI1-0.1

Gtens
G comp

b)
Fig. 6: Structure comparison histograms: a) on the surface of reinforced
masonry samples; b) in reinforcing bars.

Near the tensile areas in the reinforcing bars of the upper meshes
(outside the local load area), the concentric compression areas
appear in the rods. The width of these areas is approximately equal
to the stretching areas width. The maximum value of the compres-
sive stresses in the bars also occurs in the sample 13AI1-0,24.

In Table 4 we compare the experimental and numerically obtained
values of the stresses ¢, normal toward the vertical axis z. In the
last column, the percentages of these two values are calculated.

Table 4: Comparison of experimental and numerically obtained values of
normal to vertical axis z load stresses ;.

Dimensions | Ultimate The stresses

No Sample of loading load on the masonry surface

B code platform, F ", ™", Ao,
mm kN MIla MIla %

1 13(‘)*11" 250x100 478 | <1912 | -1946 | 1,75
2 lgﬁ[' 250x150 556 | -1483 | -1508 | 166
3 13‘;‘} 250x250 | 1000 | -1600 | -1628 | 172
Ac= | 171

3. Results of the Masonry Elements Stress-
Strain State Modelling

A stress-strain state numerical investigation was performed on
three models of clay masonry, the size and loading of which corre-
sponded to experimentally tested ones. The samples are different
in the width of the applied load and its value. Table 4 lists the
values of the applied load and the size of the platforms to which
this load was applied.

The deformations comparison in the reinforcing bars of the rein-
forcing masonry meshes received after the experimental tests (the
indications on reinforcing bars) and the results of the numerical
modelling was made. Below, in Figure 7, the comparison of the
deformations for the upper and lower meshes only for the sample
13AI11-0,14 is shown. The location of the indications on the rein-
forcing mesh is respectively shown on each graph.
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Fig. 7: Comparison of the «F/F—&s» relation for the sample 13A11-0,14
reinforcing meshes: a) upper; b) the lower one.

The diagrams (Figure 7) present a straight line dependence on the
initial loading areas on graphs constructed on the basis of numeri-
cal modelling. This is due to the software system based in the
Hooke’s Law which is directly proportional to the "deformation-
load". In general, the deformations obtained from the indicators
during the experimental tests and the results of numerical model-
ling give a good convergence (the deviation is up to 24%).

4. Conclusion

Accepted models of building structures in the software complex
are adequate and correspond to real constructions. Comparing the
convergence of the results obtained from calculating models of
various finite elements (tetrahedra and hexahedra) with different
sizes, it is decided to divide the building constructions models of
the correct geometric shape into hexaders with a side of 25 mm,
which is approximately equal to 2.5% of the total height, or the
studied model length. At such a finite-element grid, the values of
normal stresses differed from the average value calculated on the
basis of all calculations to 7.3%. The necessary resources of a
personal computer to create and calculate such a model are suffi-
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cient and suitable for studying the stress-strain state of simulated
structures.

The modelling of the reinforced masonry elements stress-strain
state allowed to identify places with maximum stresses and de-
formations. Priority attention during experimental investigation
should be paid to them. The deformations obtained from the read-
ings of the electric resonators during the experimental tests and
according to the results of numerical modelling give a good
convergence (the deviation is up to 24%).
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