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Graphical user interface for simulation of the mechanical 
properties of a new type of black locust plywood for construction 
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The mechanical properties bending strength and modulus of elasticity in bending of a new type 
plywood for construction, based on black locust wood, have been investigated in relationship with the 
bonding technological factors. The experimental investigation is based on an optimal composite 
design with four control factors – temperature, pressure, bonding duration and specific glue 
consumption. Regression models describing the dependence of bending strength and modulus of 
elasticity in bending on the investigated technological bonding parameters are used for developing the 
graphical user interface aiming investigation and prediction of the mechanical properties. This 
software can be implemented for supporting the operator’s choice of appropriate work regimes, 
obtaining the required quality standards, for education and investigations. 
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Графичен потребителски интерфейс за симулация на механичните свойства на нов 
вид шперплат от акация за строителството (Лиляна С. Колева, Асен Н. Христов). 
Изследвани са връзката между технологичните фактори при слепването върху механичните 
показатели якост на статично огъване и модул на еластичност при статично огъване на нов 
вид шперплат от акация за строителството. Експерименталните изследвания са направени 
на базата на оптимален композиционен план с четири управляващи фактора – температура 
на плотовете на пресата, специфично налягане, продължителност на пресуване и специфичен 
разход на лепило. Създадени са регресионни модели, описващи зависимостта на якостта и 
модулът на еластичност при статично огъване от технологичните фактори при слепването. 
Регресионните модели са използвани за изграждането на графичен потребителски интерфейс 
за симулация на механичните свойства при конкретен режим или за изследване на определени 
работни области. Този софтуер може да бъде внедрен за подпомагане на избора на 
оператора на подходящи режими на работа, получаване на необходимите стандарти за 
качество, за обучение и изследвания. 

Introduction 
Construction is one of the most important and 

leading industries of modern developed countries. Its 
condition can be estimated by the progress of a 
country in social and economic terms, as it is directly 
related to economic development or prosperity. One 
can hardly mention in brief all the significant 
interrelations with the other social and economic 
spheres, but it is important to mention the connections 
with the mining and processing industries, 
communications and transport, tourism and 

infrastructure, technological and machine-building 
industries. Directly or indirectly a significant part of 
the people is employed in the field of construction, 
and the construction/woodworking industry is one of 
the main and with a significant share in the formation 
of the gross domestic product of a country. 

When it comes to construction, the topic of 
building materials hardly can be missed. They are the 
intersection between construction technologies, 
architectural solutions and operational and quality 
indicators of buildings or construction facilities. 
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Wood is one of the main and among the most used 
building materials from ancient times to the present 
day. The reason for this is due to its properties and 
positive qualities. The wood is easy to extract and 
process, has relatively high strength at relatively low 
curb weight, has good thermal and sound insulation 
properties, is resistant to aggressive chemical 
environments and last but not least has aesthetics that 
create comfort and warmth in buildings [1]-[4]. 

The use of wood in construction is extremely wide 
and diverse - it is the main building material involved 
in the construction of buildings, ancillary material in 
construction activities and last but not least as a 
material solving various architectural and operational 
requirements. 

The plant origin of wood determines many 
disadvantages - anisotropic structure, hygroscopicity 
and associated variability in shape and size, resistance 
to various biological attacks and the ability to burn. 
The modern woodworking industry has accumulated 
centuries of experience in solving the problems of 
wood deficiencies. On the one hand, technologies 
have been developed to protect and modify wood in 
order to increase its durability and reduce its 
hygroscopicity and flammability, as well as to 
increase some of its strength properties. The other 
increasingly fast-growing direction, which eliminates 
the shortcomings of wood and adds new properties is 
the development of wood composite materials, which 
are increasingly used in construction [5], [6], 
examples of which are shown in Fig. 1 and Fig. 2. 

 

 
Fig.1. Laminated veneer lumber [5]. 

 
Fig.2. Architectural rendering [6]. 

Plywood [7] is one of the most widely used wood 
composite materials in construction. It consists of 
three or more veneer sheets glued together so that the 
wood fibers of two adjacent sheets are perpendicular 
to each other (Fig. 3). In general, the properties of 
plywood depend on the type of wood, the structure of 
the plywood sheet, the type of adhesive used, the 
shortcomings of the wood and the production 
technology. For the modulus of elasticity in static 
bending and strength in static bending, the direction of 
the test with respect to the direction of the wood fibers 
of the veneer sheets is of great importance, since in 
the plane of the plywood there is anisotropy caused by 
plywood structure. 

 

 
Fig.3. Plywood scheme [7]. 

The growing needs of the construction industry of 
more and more as a quantity of construction materials 
covering ever higher requirements, leads to the 
development of new ones. One such new material is 
black locust plywood (Robinia Pseudoacacia). During 
its development, as an initial stage, its qualitative 
indicators were studied and the influence of the 
individual technological factors in its pressing on 
them was determined. Oder important aspect is the 
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optimal management of technological factors in order 
to obtain certain values of plywood performance. 

In this paper the mechanical properties bending 
strength and modulus of elasticity in bending of a new 
type plywood for construction, based on black locust 
wood, have been investigated in relationship with the 
bonding technological factors. The experimental 
investigation is based on an optimal composite design 
with four control factors – temperature, pressure, 
bonding duration and specific glue consumption. 
Regression models describing the dependence of 
bending strength and modulus of elasticity in bending 
on the investigated technological bonding parameters 
are used for developing the graphical user interface 
aiming investigation and prediction of the mechanical 
properties. This software can be implemented for 
supporting the operator’s choice of appropriate work 
regimes, obtaining the required quality standards, for 
education and investigations. 

Experimental conditions 
The materials observed for the purpose of this 

research were black locust veneer with a nominal 
thickness of 2.2 mm and water-soluble phenol-
formaldehyde adhesive. These materials were used for 
the production in laboratory conditions of six-layer, 
black locust, waterproof plywood for construction 
with a nominal thickness of 12 mm. 

The influence of the main technological factors in 
bonding on the modulus of bending elasticity and 
bending strength was investigated and presented in 
[8].  

The first factor (z1) that was investigated is the 
temperature of the press platens. The range of its 
variation was determined according to the 
manufacturer's recommendations from 120°C to 
160°C. 

The second presented factor (z2) is the specific 
pressure. The interval of its variation was determined 
by recommendations in the specialized literature from 
1 MPa to 2 MPa. 

The third factor (z3) is the duration of plywood 
pressing. The range of its variation was determined 
according to the recommendations of the adhesive 
manufacturer and from the recommendations for the 
duration of plywood pressing given in the specialized 
literature from 8 min to 14 min.  

For fourth factor (z4) is the specific glue 
consumption (specific cost). The range of its variation 
was determined according to the recommendations of 
the adhesive manufacturer and from the 

recommendations for specific glue consumption given 
in the specialized literature from 100g/m2 to 200g/m2.  

The variation regions [zmin-zmax] of the process 
parameters are summarized in Table 1, where zmin and 
zmax are the minimal and maximal natural values of the 
process parameter. 

Table 1 
Process parameters for black locust plywood for construction. 

Parameter  zmin zmax 
Temperature of the press platens – z1 120 160 

 Specific pressure – z2 [MPa] 1 2 
 Duration of plywood pressing – z3 8 14 
 Specific glue consumption – z4 [g/m2] 100 200 

Graphical User Interface (GUI) 
The estimated and presented in [8] regression 

models for the bending elasticity and bending strength 
depending of the technological factors: temperature of 
the press platens – z1 [°C],  specific pressure – z2 
[MPa], duration of plywood pressing – z3 [min] and 
specific glue consumption – z4 [g/m2] are used for the 
development of graphical user interface for simulation 
of the properties of black locust plywood for 
construction [9, 10].  

In this section, the possibilities for implementation 
of the developed graphical user interface is described 
step by step.   

When the software is started, the following 
window is loaded (Fig. 4) and it gives the possibility 
to the operator to choose the operation language, 
either Bulgarian or English. 

 

 
Fig.4. Start window of the program for simulation of the 

properties of black locust plywood for construction. 

After the language is chosen, the user is given the 
possibility to use the functional parts by choosing 
from the two options shown on Fig. 5: 
1.   Calculator (1) – for calculation of the 

characteristics of black locust plywood for 
construction at concrete working regime. 

2.  Investigation (2) – it gives the opportunity to the 
user to visualize and evaluate the characteristics of 
black locust plywood for construction at different 
working regimes.  
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Fig.5. Start window of the program for simulation of the 

properties of black locust plywood for construction. 

As a demonstration of the function of the calculator, a 
regime [8], which is not included in the experimental 
data set and which was not used for the estimation of 
the regression models is used (Fig. 6) for calculation 
of the investigated mechanical properties. The arrows 
numbered from 1 to 4 point at the input parameter and 
the regions where the user can choose working 
conditions to be investigated.  

The Calculator has three functional buttons: 
• Calculate (5) – after the user types the values 

for the input parameters, the bending elasticity (6) and 
bending strength (7) are calculated by pressing this 
button;  

• Clear Results (8) – all results are cleared by 
pressing the button, but the input parameters stay 
untouched; 

• Clear all (9) – all the results and the input 
parameters are cleared. 

In this particular case (Fig. 6) process parameters 
are: the temperature of the press platens z1 = 140 ˚С, 
specific pressure z2 = 1.5 MPa, duration of plywood 
pressing z3 = 11 min and specific glue consumption z4 
= 150 g/m2. From Fig. 5 can be seen that the calculate 
value for bending elasticity (y1) are 12 002.53 N/mm2 
and bending strength (y2) are 138.7 N/mm2.  

Table 2 
Verification data. 

 Calculated Value Average Value Deviation 
y1  12 002.53 N/mm2 14218.70 N/mm2 15.59% 
y2 138.70 N/mm2 458.39 N/mm2 11.07% 

 
Table 2 shows the mean values, calculated by the 

estimated models, and the results for the average 
values from the repeated experimental runs at the 
central point of the design, as well as the percentage 
deviation of the calculated from the average values.  

The Investigation window (Fig. 7) has three radio 
buttons, marked with numbers from 1 to 3, which 
allow the operator to examine graphically one of the 
two characteristics or both together. 

  
Fig.6. Calculator window. 
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Since the investigated process parameters are four, 
for the graphical investigation two of them should be 
chosen to vary and two of them should be fixed at 
constant values. That is why there is a pop-up menu 
(4) from which it is possible to choose which two of 
the process parameters will be varied and which two 
will be fixed. Afterwards the operator chooses the set 
of the fixed input parameters and defines their values 
in the fields marked with (5) and (6) on Fig. 7, taking 
into account the experimental regions for possible 
values. When all described is set the user has to press 
the Calculate (7) button.  

The calculation results are shown as a contour plot 
(8) where the contours of the bending elasticity (y1) 
are given in black color and the bending strength (y2) 
– blue color. 

The Investigation window has two other functional 
buttons: 
• Clear Figure (9) – the contour plot is cleared by 

pressing the button, but the input process parameter 
remains untouched; 

• Clear all (10) – all plot and the input parameters are 
cleared. 
Fig. 7 presents the contour plot of the bending 

elasticity – black contours and bending strength – blue 
contours as a function of the duration of plywood 

pressing (z3, min) and the specific glue consumption 
(z4, g/m2), for constant values of the temperature of 
the press platens and the specific pressure, z1 = 120 ˚С 
and z2 = 1 MPa. It can be seen that the highest values 
of the bending elasticity are obtained for the highest 
values of the specific glue consumption z4 > 190 g/m2 
for the duration of plywood pressing z3  < 8.5 mm or 
the specific glue consumption z4 < 110 g/m2 and the 
duration of plywood pressing z3  > 13 mm. In same 
time for obtaining the maximal values of the bending 
strength, the specific glue consumption should be set 
in the region 150 ÷ 170 g/m2 and the duration of 
plywood pressing z3  < 8.5 mm.  

 
Fig.8. Navigation menu. 

The user is also given the opportunity to switch 
between the various functionalities of the software 
through the menu bar, shown in Fig. 8, where the 
marked numbers mean: 
1.  Home – directs the user to the Start window  

(Fig. 3); 

 
Fig.7. Investigation window. 
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2.  Calculator – opens the Calculator window (Fig. 5), 
where the Investigation option is located in the 
same place in the menu bar; 

3.  Experiment info – loads a .pdf file that contains 
short descriptions of experiments and the 
implemented methodologies; 

4.  Български – gives the possibility to switch to 
Bulgarian language. 

 
Fig.9. Error message for Calculator window. 

 
Fig.10. Error message for Investigation window. 

Prior to the calculation or the investigation for the 
influence of the main technological factors in bonding 
on the modulus of bending elasticity (y1) and bending 
strength (y2), the expert system checks whether the 
input parameters are correct and whether they fall 
within the specified limits. If the check concludes that 
the entered values are incorrect, in the Calculator 
window (Fig. 9, marked with a red circle) an “Error” 
message is displayed in the results field. In the 
Investigation window (Fig. 10) a message (in the field 
marked with a red circle), inviting the user to enter a 
valid value is displayed. If the input values pass the 

check and they are in considered experimental 
regions, the program continues with the chosen 
options and result is calculated or graphical presented 
of the contour plot, shown in field “8” from Fig. 7. 

Conclusion 
The developed graphical user interface aiming 

investigation of the for simulation of the mechanical 
properties of a new type of black locust plywood for 
construction. It can be used for obtaining the plywood 
with good mechanical properties. The program can be 
used to supporting the operator’s choice of appropriate 
work regimes, obtaining the required quality 
standards, education and investigations is presented.  
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