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Abstract—Concrete blocks or hollow blocks are widely 

used in the community for building infrastructure, functioning as a 

necessity for shelter. However, the Philippines is also known to 

experience various natural disasters such as earthquakes and 

typhoons. Relative humidity is also high in the country causing it to 

have higher temperatures compared to different nations. Given that, 

the natural disasters and the high relative humidity found in the 

country contribute to the continuous damage on the infrastructure 

and lesser thermal properties. In response, the researchers have 

decided to create an alternative design of a hollow block with 

improved thermal properties and structural capacity. The 

researchers have derived and sketched a feasible design of a hollow 

block with high thermal resistance using Fusion 360. Three hollow 

block designs namely Design A, Design B, and Design C were then 

conducted of uniform simulations in the form of a non-linear stress 

test using Fusion 360. Statistical analysis of the listed factors 

pointing to safety and durability was also done. The study has 

attained results where it has been determined each design has certain 

traits that makes it more preferable than the classic design. In the 

case of Design B and C, they hold a degree of improvement in terms 

of its reduced stress and strands. This leads to the idea that Design A 

can be an appropriate substitution to that of the commonly used 

design, which would greatly alleviate the common problems that 

Filipino engineers face daily. 
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I. INTRODUCTION 

 
Concrete blocks are widely used for construction, there 

are multiple types that are used for different purposes. Houses 

nowadays mostly use concrete or are made from hollow 

blocks, as advancements and developments in the country 

continue to thrive with modernity, this has been used as a 

necessity for building shelter. Hollow blocks have been found 

to have better uniform quality, longer durability, faster speed 

of construction, and lower labor requirements. In view of 

these advantages, hollow blocks are increasingly used in 

different construction activities. These activities include, but 

not limited to, load bearing walls, interior walls, panel walls, 

retaining walls and compound walls (Elgaali, E., Elchalakni, 

E. 2013). There have been many different researches about 

altering the composition of haploblocks or the coalescence of 

multiple materials with it. Rather than 

 
 

 
 
 
using purely conventional concrete mixture, there have also 

been studies that utilize recycled water plastic bottles in 

concrete blocks. Concrete hollow blocks made with coarse 

aggregate and recycled water termed as “green blocks' 'have 

also been conducted by Elgaali, E.and Elchalakni, E. (2013). 

These are only some of the different creative ways that 

provide help for the construction and the community at the 

same time. 
 

According to the Eurasian – Philippines Sea plate 

collisions, the Philippine islands and the adjacent areas are 

tectonically adjacent. The Philippines lies along the Pacific 

Ring of Fire, causing the country to have multiple and 

frequent seismic or volcanic activities. Earthquakes of 

smaller magnitude occur regularly due to the meeting of 

major tectonic plates in the region. The National Earthquake 

Information Center has reported that around 20,000 

earthquakes occur around the globe every year, and there are 

about 55 approximately per day. Agencies in the Philippines 

such as the Philippine Institute of Volcanology and 

Seismology (PHIVOLCS) mainly focus on seismic and 

volcanic activities that occur in the country. In the past years, 

there have been notable earthquakes with large intensities and 

magnitudes that have severely damaged certain areas. 

According to the Philippine Statistics Authority (2020), the 

damages that incurred to natural extreme events and disasters 

amounted to Php 463 billion from 2010 to 2019. Although 

earthquakes are not fully responsible for all the destruction, it 

still contributes a huge amount to the destruction of 

infrastructure. Back in 2013, a magnitude 7.2 earthquake 

struck Bohol and according to the National Disaster Risk 

Reduction and Management Council, around 222 were 

reported dead while 796 people were injured. Tens and 

thousands of structures were damaged by the earthquake, it 

has also destroyed notable and historical infrastructures in 

Bohol and Cebu. Buildings and houses being shaken by the 

earthquake has caused debris to potentially trap and kill the 

people. As mentioned, hollow blocks are the main component 

used in the construction of the buildings, and questions are 

being raised about how these can be created to be highly 

resistant to earthquakes. Therefore, deformation properties 

and other seismic behaviors of concrete hollow block 

masonry can be further 
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Studied to help reduce the damage and danger towards the 

lives of people when experiencing earthquakes. 
 

Relative humidity is high in the Philippines, and a high 

amount of moisture or vapor in the air makes the hot 

temperature feel hotter. This is similar in many aspects to the 

climate of the countries of Central America. In the hot dry 

season of the country from March to May, the hottest 

temperature recorded in the Philippines was about 42 degrees 

Celsius in Tuguegarao, Cagayan. This can cause extreme heat 

especially in enclosed spaces of infrastructure. Concrete 

hollow blocks also have various thermal properties. For 

concrete, it contains three thermal properties, which are 

specific heat, thermal conductivity, and coefficient of thermal 

expansion (Lane, 2006). When pores are introduced into 

bricks their thermal conductivities are reduced. This can be 

done by either microporosities, like the closed pores created 

by pore making additives before firing of the bricks, or by 

introducing perforations extending through the brick like in 

the case of vertically perforated brick (Kormann, M. 2008). 

The thermal properties of concrete hollow blocks can also be 

altered to help comfort with the people that have houses built 

by hollow blocks. There have been multiple studies that have 

analyzed the thermal properties of concrete hollow blocks 

and they were able to provide alternated designs in order to 

improve the thermal properties. These self-insulation 

properties that can be integrated in hollow blocks can provide 

help with the use of less resources and more efficient effects. 

Given these related problems such as the destruction of 

infrastructure due to earthquakes and the continuous high 

temperature found in the country, the researchers have 

decided to create a custom design of a hollow block with the 

integration of a thermal resistant design in order to provide 

better strength and thermal properties compared to hollow 

blocks used nowadays. 
 
 
 

II. RELATED WORKS 
 
A. Hollow Block 

 

One of the basic requirements of a human being is  
shelter, since in the past, people have been living from caves 

to wooden houses and so on. The materials that people use for 

building shelter eventually start to improve and develop. 

Nowadays, concrete hollow blocks are commonly used for 

the construction of infrastructure. Buildings, factories, 

residential buildings are built with hollow blocks for multiple 

reasons. One is that they are cheap, lightweight, and have the 

free flow of ventilation. Hollow concrete blocks are found out 

to have multiple advantages, they are sound control, small 

dead load, resistance to fire, adequate strength, superior 

thermal insulation, economy, highly durable, environmentally 

eco-friendly, reduction in mortar consumption, fast and easier 

construction system, and better architectural features 

(Harshit, V. 2015). A concrete hollow block is primarily used 

as a building material in the construction of walls, it is often 

called a concrete masonry unit (CMU). One of the main 

benefits for using concrete hollow blocks is that it is 

economical in design of a sub-structure due to the reduction 

of loads. They are simple and easy to use. One concrete 

hollow block replaces about 

 
five traditional bricks, thus reducing the construction cost. It 

also decreases the cost of the structural design due to its 

lightweight, which shrinks the size of structural members of 

both the foundation and superstructure. The construction also 

requires less mortar and saves labor hours. The prices of 

hollow blocks in the Philippines vary over the material and 

the size of it. 
 

a.) Hollow Block Design 

 

A concrete masonry unit (CMU) is a standard size of 

rectangular block used in building construction; they are one 

of the most versatile building products available due to a wide 

variety of appearances that can be achieved when using them. 

As mentioned, concrete blocks may be produced with hollow 

centers to reduce weight, improve insulation, and provide an 

interconnected void into which concrete can be poured to 

solidify the entire wall after it is being built. The typical size 

referred to their thickness of a block is 4 inch – 6 inch – 8 inch 

– to 12 inch. In the Philippines the standard product size is 

about 40 centimeters in length, 20 centimeters in height, 10 

and 15 centimeters in depth (Humanitarian Shelter Working 

Group, 2014) There have been multiple designs created for 

the hollow blocks, it can be either integrating a different 

material into the hollow block or by changing the formations 

and positions to produce a much durable and effective 

structural composition. 

 

b.) Disadvantages of the Classic Hollow Block 

 

The traditional hollow block contains multiple flaws 

making it susceptible to destruction and cause of many 

accidents. One of the main disadvantages of a hollow block is 

that it contains a poor bearing capacity as the average mass of 

wall decoration materials is decreased, and the load-bearing 

capacity is often reduced. Load bearing wall is one of the 

oldest structural systems. Man has laid one stone upon 

another and built walls to support the roof or floor. This 

system was then replaced by frame structures for economy, as 

the load bearing walls being thick require a large quantity of 

materials (Maroliya, M. 2012). From a study conducted by 

Maroliya, M. (2012) titled Load Carrying Capacity of Hollow 

Concrete Masonry Wall, the objective of their study was to 

identify the load bearing capacity of the hollow concrete 

blocks when used in the construction of walls. The crack 

pattern at the initial and final failure was also minded. The 

hollow concrete blocks were tested in the compression testing 

machine, and several blocks were tested and by knowing the 

load carrying capacity of a single unit, the researchers 

constructed different types of structure. The study obtained 

results stating that the hollow concrete block of sizes 400 x 

200 x 200 mm gave the average compressive strength of 

about 11.25 kg/cm2. It was then concluded that the strength of 

walls constructed with hollow concrete blocks give less 

strength as compared to brick masonry. 

 

Another issue regarding the use of hollow blocks is the 

appearance of a common engineering defect, cracks. Cracks 



 

 

contain a number of negative effects on infrastructures, it can 

cause the heat bridge effect weakening the wall insulation and 

thermal insulation properties. The appearance of cracks 

reduces the durability, applicability, bearing capacity, and 

seismic performance of buildings. When the cracks are 

serious to a certain extent, it will affect the structural safety of 

buildings and affect people's normal life (Khankhaje et al., 

2017). From a study conducted by Luan, H. et al., (2017), 

titled the Cause Analysis and Control Measures of Cracks in 

Filling Wall of Reinforced Concrete Structure, the study has 

focused about the crack problem of the filler wall in 

reinforced concrete structure appearing more and more 

frequently with its wide application. The researchers analyzed 

the causes of the cracks in the block filler wall in the frame of 

the reinforced concrete structure from the aspects of the 

external environmental factors and intrinsic material factors. 

As their study analyzed the concrete causes of cracks in the 

frame filled with walls of steel reinforced concrete structures, 

they have identified that the cracks are caused by temperature 

variation, uneven settlement of foundation, influence of 

humidity and the strength of mortar. 

 

c.) Structural Significance 

 

The Philippines is ranked as third among all the countries 

with the highest risks worldwide according to the World Risk 

Report in 2018. At least 60% of the Philippines’ total land 

area is exposed to multiple hazards and 74% of the population 

is susceptible to their impact (Global Facility for Disaster 

Reduction and Recovery, 2018). All of these are most likely 

due to the location and geographical context as the risk 

involving coastal hazards such as typhoons, storm surges, and 

rising sea levels is high. The islands of the country are also 

located within the Ring of Fire between the Eurasian and 

Pacific tectonic plates; thus, earthquakes and volcanoes are 

posing serious risk to the exposure of natural hazards. Since 

the 1990’s, the Philippines has been affected by 565 disaster 

events which have caused an estimated $US 23 billion in 

damages (Jha, et al., 2018). With the fact that we live in an 

area wherein calamities and natural disasters occur 

frequently, these give different factors that deteriorate the 

structural integrity of infrastructure. 

 

One factor known is temperature. According to a study 

conducted by Luan, et al (2017), the outer surface of the wall 

or the top of the wall is prone to irregular cracks. The 

researchers have stated that the linear expansion of the two 

significant differences between the characteristics of the wall 

and the top of the junction, and the floor plate position in the 

internal and external temperature control Prone to pressure 

difference, with the constant increase of internal and external 

pressure difference, the building will be a fault or cracks. 

Especially in the summer, large indoor and outdoor 

temperature differences produce a larger outward expansion 

of the deformation to the floor, which makes the wall produce 

lateral pressure. The wall was cut so that the wall from both 

ends of the central inclined oblique cracks. Material moisture 

content of the wall has risen because of 

 
rainfall and air humidity. Aerated concrete block is the most 

obvious wall material with humidity changes in the material. 

Once the block of water swells, it will have its corresponding 

internal anti-expansion capacity. The cracks are known to 

contribute to the deteriorating factors on the structural 

integrity of infrastructure. These environmental factors are 

like what the Philippines experiences during its hot dry 

summer season between March and May. According to the 

Philippine Atmospheric, Geophysical and Astronomical 

Services Administration (PAGASA), a scorching 52 degrees 

Celsius was recorded on the Heat Index in Northern Luzon 

last April 9, 2019 and in Pasay City, Metro Manila, it 

recorded about 42 degrees on the same day. The Philippines 

is located above the equator, meaning that our country 

experiences hotter temperatures. These environmental factors 

such as the temperature or humidity in our country basically 

make the structural integrity of buildings prone to cracks, 

hence destruction. 

 

There are also physical forces which act on the buildings, 

they are hydrostatic loads, hydrodynamic loads, and impact 

loads. These loads can be exacerbated by the effects of water 

scouring soil from around and even below the foundation. 

According to a study conducted by Retnan, et al. (2012), the 

hydrostatic loads are both lateral (pressures) and vertical 

(buoyant) in nature. The lateral forces result from differences 

in interior and exterior water surface elevations. As the 

floodwaters rise, the higher water on the exterior of the 

building acts inward against the walls of the building. 

Sufficient lateral pressures may cause permanent deflections 

and damage to structural elements within the building. When 

buoyant forces associated with flood exceed the weight of the 

building components and the connections to the foundation 

system, it can cause the structure to float from its foundation. 

The water flowing around the building during a flood creates 

hydrodynamic loads on the structure (Retnan, et al. 2012). As 

mentioned, the Philippines experiences multiple typhoons 

and floods due to its geographical location. This provides an 

insight that there can be changes done to the hollow block 

design to alleviate the damages done by these typhoons to the 

structural integrity of infrastructure. 

 

B. Thermal Properties of Hollow Block 

 

Thermal properties are associated by a 

material-dependent response when heat is supplied to a solid 

body, a liquid, or a gas. This response might be a temperature 

increase, a phase transition, a change of length or volume, an 

initiation of a chemical reaction or the change of some other 

physical or chemical quantity (Buck, W. et al. 2011). For 

concrete, it contains three thermal properties, which are 

specific heat, thermal conductivity, and coefficient of thermal 

expansion (Lane, 2006). When pores are introduced into 

bricks their thermal conductivities are reduced. This can be 

done by either microporosities, like the closed pores created 

by pore making additives before firing of the bricks, or by 

introducing perforations extending through the brick like in 

the case of vertically perforated 



 

 

brick (Kormann, M. 2008). This is why hollow bricks are 

hollow because rather than making it lightweight and 

economic material, it also improves thermal performance. 

Energy and environment are two major challenges faced by 

mankind and building energy consumption accounts for more 

than 40% of the social energy consumption (Zhao, et al. 

2012). Building energy conservation contains a great 

significance on the energy crisis alleviation and environment 

protection. It is vital to create a high comfort level and 

decrease building energy consumption by improving thermal 

performance of a building’s external envelope, or in other 

words the wall body. Thus, there have also been multiple 

studies that focus on improving the thermal performance of 

the hollow blocks by altering the design and integrating 

multiple materials in it. 

 

The studies related that are mentioned provide 

insight towards the design that the researchers will be using. 

The methodologies utilized by various studies will be 

compared and analyzed to exert the most efficient method for 

the study. Hence, the researchers have decided that using 

simulation applications, similar results in real life simulations 

will also be seen. Equations, computations, and alternatives 

will be further done by the researchers in the following 

chapters. 
 
 
 

III. METHODOLOGY 
 
A. Thermal Conductivity Coefficient Formulation 

a.) Variables and Constants 

 
Nomenclature  
C - specific heat at constant pressure  
g - gravitational acceleration  
k - thermal conductivity  
L - block width  
Nu - nusselt number, Nu ¼ Q actual  
Q - conduction in air-filled non-partial enclosure  
q’’- heat flux  
Pr - prandtl number 

 

Greek symbols  
α - thermal diffusivity  
β - coefficient of thermal expansion 

μ - dynamic viscosity 

ν - kinematic viscosity 

ρ - density Subscripts 

 

o - outer 

i - inner 

 

b.) Conduction Heat Transfer 
 

(∂^2 T)/(∂x^2 )+(∂^2 T)/(∂y^2 )=0  
(1)  

T = T1 at x = 0, T = To at x = L  
(2) 

 
∂T/∂x=0 at y = 0, (δ^2 T)/(δx^2 ) = 0 at y = w  

(3)  
-K ∂T/∂x=q'' at y = L1 and at x = L1 + L2  

for w1 < y < w1 + w2  
(4)  

-K ∂T/∂x=q'' at y = L1 and at x = L1 + L2  
for L1 < x < L1 + L2  

(5)  
Where L1 = (L1 + L2 + L1), w = (w1 + w2 + w1) 

 

q’’s.x and q’’s.y are the convection heat transfer flux at the 

interface in both x and y directions (Fig. 1 A). 

 

c.) Convection Heat Transfer 
 

∂u/∂x+∂v/∂y=0  
(6)  

u ∂u/∂x+v ∂v/∂y=-1/ρ ∂p/∂x+v((∂^2 u)/(∂x^2 )+(∂^2  
u)/(∂y^2 ))  

(7)  
u ∂u/∂x+v ∂v/∂y=v((∂^2 u)/(∂x^2 )+(∂^2 u)/(∂y^2  

))-gβ(T-T_∞)  
(8)  

u ∂u/∂x+v ∂v/∂y=k/ρC ((∂^2 u)/(∂x^2 )+(∂^2 u)/(∂y^2 ))  
(9)  

In this case in order to preserve a thoracically accurate 

constant that reflects the heat transfer in both lateral and 

horizontal matters, A no slip condition would be applied at 

the interior surfaces.  
u=v=0  
(10)  

Progression of temperature and warmth transition is 

considered at internal surfaces. Be that as it may, 

temperatures are obscure and found through the iterative 

arrangement. 
q''

conduction

= q''
convection 

(11)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. A typical hollow block with (a) single cavity and 

(b) three cavities 



 

 

 
B. Creation and Sketching of Design 

 

With respect to the initial design of a typical hollow block 

(Figure 1. A), design would be created that involves a locking 

mechanism to ensure security between each block. Three 

Designs would be made that would implement the general 

dimension that is observed in most hollow blocks (390mm, 

140mm, 190mm).  
 
 
 
 
 
 
 
 
 
 

 

Figure 3. A The Classic Hollow Block Design  
 
 
 
 
 
 
 
 
 
 

 

Figure 3.B The Initial Proposed Design (Design A)  
 
 
 
 
 
 
 
 
 
 

 

Figure 3.C The Second Proposed Design (Design B)  
 
 
 
 
 
 
 
 
 
 

 

Figure 3.D The Third Proposed Design (Design C) 

 

C. Parameters for Implementation 

 

After thorough deliberation, the need to ensure that the 

simulation and analysis of the structural aptitude of the 

theoretical design would rely on the parameters being 

 
utilized to mimic that of real-word usage of these designs. A 

fixed or uniform property would be utilized. 

 
a.) Material Properties 

 

The properties of the material that would be subjected in a 

non-linear stress test would be: 

 
• Linear properties:  
◦ Density: 2000 kg/m3  
◦ Young’s modulus: 23,000 MPa.  
◦ Poisson’s ratio: 0.21 .MPa.  
◦ Shear Modulus: 7.800 MPa  
◦ Density: 2.300 g/cm³  
◦ Damping Coefficient: 0.05  
◦ Density: 2.300 g/cm³.  
• Nonlinear properties for Willam and Warnke model: ◦ 

Ultimate uniaxial compressive strength, fc = 30 MPa. ◦ 

Ultimate uniaxial tensile strength, ft = 2.100MPa.  
◦ Shear transfer coefficient for an open crack: 0.3.  
◦ Shear transfer coefficient for a closed crack: 0.7.  
• Nonlinear properties for Drucker–Praguer material 

model: 

◦ Angle of internal friction: 25°.  
◦ Cohesion value [1,14,15]: c =  
fc ·(1− sin Φ )/2 cos Φ  = 15.92 MPa.  
◦ Dilatancy angle: 5°.  

 
 
 
 
 
 
 

 

Figure 4. A. Thermo Physical Properties of Concrete 

 

D. Simulation 
 

a.) Force and Boundaries 
 

In order to determine the structural durability of the 

hollow block design, a uniform pressure should be exerted to 

determine the extent of damage and the feasibility of adopting 

said design. A uniform pressure of 16 MPa would be applied 

on the topside of each hollow block design (Figure 5. A) . 

Another constraining would be added to mimic that of its 

realistic utilization. This constraint would be in the form of 

limited displacement or seized displacement in the X, Y, Z 

axis. This replicates its position in a structural formation with 

its constituent being hollow blocks. 



 

 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 5. A The uniform application of pressure on the 

topside of the Hollow Block 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5. B The application of a fixed constraint in the 

displacement of X, Y,Z axis 

 
b.) Non-linear Static Stress 

 

The said designs would be subjected to non-linear Static 

Stress Simulation to determine the structural capacity of these 

designs at various loads, which limits to a load of 16 MPa. 

This is used to determine the possible point of structural 

changes that would point to degradation in structural 

integrity. This would indicate an estimation of a maximum 

load that can be derived from observable data. With that said, 

this simulation would depict 10 steps, which comprises 10 

instances with increasing pressure being applied on the top 

side of the hollow brick. 

 

E. Statistical Analysis 

 

a.) ANOVA 

 

Utilizing the data that can be subjected to this form of 

analysis that has a relation to the structural strength of the 

design, it would help determine the possibility of 

implementing the created designs. Said factors would be: 

Safety Factor (Minimum), Von Mises Stress (Maximum), and 

Strain (Maximum). This study would opt to utilize a 

confidence interval of 95% or a Significance Level of 0.05. 
 

Null Hypothesis: H0 = μi < μo 
 

Alternative Hypothesis: HA = μi > μo 

 
IV. RESULTS AND DISCUSSION  

A. Thermal Resistance Correlation 

 
With the intended application of the thermophysical 

properties of the material and the implications of the natural 

convection in enclosures with conducting multi partitions and 

side walls, the application of standard boundary conditions of 

vertical isothermal surfaces and adiabatic horizontal ones 

within the cavity. In order to match the given conditions, the 

usage of Nu was integrated into the formulation of the heat 

transfer flux for the convection in each cavity with respect to 

the conduction of heat in the walls of the design. With that 

said, it can also be observed that it is known that the heat 

transfer coefficient is dependent on the width of the cavity, 

fluid properties as well as the temperature difference between 

the inner vertical surfaces. This heat transfer rate(given in 

terms of Rayleigh number, Ra) can be decreased either by 

reducing the width of the cavity or by decreasing the 

temperature difference between cavity vertical walls. 

Utilizing the single cavity as a basis for determining the 

difference between the movement or the velocity at which the 

fluid or air travels in the cavity can be determined. This helps 

determine the correlation or the observable difference 

between the presence of different cavities with equal sizes. 

Results has indicated that increasing the number of cavities to 

two, and then three cavities keeping the total width constant, 

resulted in decrease of the maximum air velocity within the 

cavities by 30.34% and 40.56%, respectively, indicating a 

significant decrease in the convective heat transfer 

coefficient. It can also be observed in Figure 6. B each 

respective R-value, which corresponds to the a decrease in 

heat transfer. This indicates that a positive relation can be 

formed between the number of cavities and improving 

thermal resistance. It can also be said that size or dimensions 

play a significant role in this matter. This suggests that the 

size of the cavity with respect to the dimensions for each 

design would play a significant role in hindering the 

movement or transfer of heat in the X and Y plane. In figure 6. 

A, it can be observed that there exists a high gradient along 

the vicinity of the vertical surfaces. It can be observed that the 

temperature of the outer layer of the design is more constant. 

This indicates that the material concrete has a relatively even 

dispersion of heat. With the application of cavities, this 

provides a barrier that prevents an equal dispersion but rather 

creates a gradient as observed in Figure 6. A. A single cavity 

has a limited effect on hindering the dispersion of the heat to 

the other side, but it is blatantly clear that 2 cavities greatly 

hinders the movement of heat. It can also be said that the size 

of each cavity has an equally drastic effect on determining the 

feasible design that would implore a more 



 

 

thermally resistant effect. B. Non-Linear Stress Test  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. A Temperature distribution at the mid Y-plane for:  
(a) single cavity, two cavities, and (b) three cavities, six 

cavities  
 
 
 
 
 
 
 
 
 
 
 

 

Figure 6. B . Percentage increase in the R-value with number 

of cavities. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 1. A. Simulations of the Classic Design and Design A 

with their corresponding Safety Factor Indicator 
 



 

 

stress experienced by the Classic Design in comparison, 

which indicates a better performance in terms of the presence 

of a uniform pressure. Although, there is evidence pointing to 

the significant difference of means between the Designs A, B, 

and C to the classic design. This is proven by the fact that the 

significance of each design to the classic design is less than 

0.05. There is no definite manner to determine which design 

is better unless compared in different factors.  
 
 

 

TABLE 1. B. Simulations of the Design B and Design C with 

their corresponding Safety Factor Indicator 
 
 
 
 
 
 
 
 
 
 
 

 

Table 1.C Results for Von Mises Stress  
 
 
 
 
 
 
 
 
 
 
 

Table1.D Results for Strain  
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. E Results for Safety Factor 

 

a.) Von Misses 

 

The Von Mises stress is a value used to determine if a given 

material will yield or fracture. ... The von Mises yield 

criterion states that if the von Mises stress of a material under 

load is equal or greater than the yield limit of the same 

material under simple tension then the material will yield. 

This would aid in indicating the possible designs that would 

be able to withstand or have a better yield under uniform 

pressure. As observed in Table 2. A, Design A, Design B, and 

Design C experiences less than the average 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 2. A Multiple Comparison of Von Mises Stress (Turkey 

HSD) Between groups. 

 
b.) Strain 

 

Strain refers to any form of deformation in the X, Y, and Z, 

brought on by the existence of stress. With that said, In table  
3. A, it can be observed that Designs A and C experience a 

less significant strain with respect to the X, Y, and Z axis. 

This can be supported by their significance to each indicating 

an equal of means and their significance of being less than 

0.05 with respect to Designs C and Classic Design. It can be 

assumed that these Designs Exhibits a sturdier structural 

design.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. A Multiple Comparison of Strain (Turkey HSD) 

Between groups. 



 

 

c.) Safety Factor 

 

In engineering, a factor of safety (FoS), also known as (and 

used interchangeably with) safety factor (SF), expresses how 

much stronger a system is than it needs to be for an intended 

load. Safety factors are often calculated using detailed 

analysis because comprehensive testing is impractical on 

many projects, such as bridges and buildings, but the 

structure's ability to carry a load must be determined to a 

reasonable accuracy. This helps us determine whether the 

intended design would be able to withstand the uniform 

pressure. With that said, Design holds a degree of superiority 

or increased safety as compared to all other safety factors 

being enlisted is not of equal nature. This suggests that there 

is significant evidence that indicates that Design A has a 

greater or a better minimum safety factor.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 4. A Multiple Comparison of Safety Factor(Turkey 

HSD) Between groups. 

 
d.) ANOVA 

 

In table 5. A, we can acquire the necessary values to 

determine whether to reject or not reject the null hypothesis. 

With this assumption, we can draw a conclusion whether said 

designs would perform better or equally to that of the classic 

design. Utilizing the p-value or the significance that can be 

observed in the table, we indicate that with the use of Von 

mises as a factor, there is significant evidence indicating that 

designs collectively perform better than that of the classic 

design. This conclusion can also be associated with the Strain 

and Safety Factor as determinants. This ensures that the 

designs are remarkable in terms of structural and thermal 

properties. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table5.A. ANOVA  
 

V. CONCLUSION AND RECOMMENDATION 

A. Summary 

 
After determining the factors that have a significant 

impact on the thermal resistance or the thermal conductivity 

of a particular object, its design holds a considerable effect on 

the flow of heat between 2 mediums, which are the concrete 

walls and the air within the cavities. It has been determined 

that each cavity aids in reducing the rate of heat transfer from 

one side to another. It can quantitatively be said as there is a 

30.34% and 40.56% decrease in velocity for one cavity to 2 

cavities and from one cavity to 3 cavities. Although, the 

number holds a considerable amount of thermal resistance. It 

can also be said that an increase of dimensions of these 

cavities would help aid in reducing heat transfer. 

Incorporating this concept into the design would greatly 

reduce the transfer of heat from the outside environment. 

 

Sketching a design that incorporates the concept of 

an increment of thermal resistance would involve the use 

Fusion 360 to finalize and incorporate the appropriate 

material property of said hollow block. This ensures that this 

design can be realistically tested and possibly made. After 

applying a uniform pressure of 16, 14, 12, 10 MPa, we can 

derive the necessary data to determine the effectiveness of the 

design with respect to classic or typical design. This process 

is all done using a non-linear stress simulation. This allows us 

to determine the safety factor that can be observed in each 

addition of a pressure, which can be done using the slider in 

the bottom right corner. With the observable data gathered, 

the use of statistical analysis to derive possible evidence to 

support the claim of improved structural integrity. The factors 

of observation would be Von Mises Stress, Strain, and Safety 

Factor. With a confidence interval of 95%, an ANOVA and a 

TUSKEY HSD Multiple Comparison Test. This is to 

determine, whether which design is more suitable or better 

than the other. These tests also help clarify the general notion 

of determining the effectiveness of the designs. It has been 

determined that all designs surpass the classic design in one 

factor or more, reflecting the general superiority of the 

design. Another assumption that can be made is the Design A 

exceeding the 



 

 

 

other designs, including that of the classic design. In terms of 

the three factors, design A is less strained and less stressed at 

equal and uniform pressures. This would indicate that Design 

A is the most theoretically improved design with the inclusion 

of an improved thermal resistance. 
 

B. Conclusion 

 

It has been determined each design has certain traits 

that makes it more preferable than the classic design. In the 

case of Design B and C, they hold a degree of improvement in 

terms of its reduced stress and strands. Despite this evidence, 

Design A has enhanced or more desirable characteristics as 

compared to other designs is more significantly better or 

improved. This leads to the idea that Design A can be an 

appropriate substitution to that of the commonly used design, 

which would greatly alleviate the common problems that 

Filipino engineers face on a daily basis. Another possible 

benefit that its design holds is that due to the decreased 

presence of stress compared to that of the original design, it 

would greatly reduce damages involving natural disasters such 

as earthquakes. Although, this statement can be supported by 

the evidence of a decrease in stress. Further testing would be 

required to determine the exact effectiveness or results of it 

undergoing such specific tests. This design also holds an 

improved thermal resistance to hinder the movement of heat at 

a greater level. This is observed by the implementation of 

larger and more apparent air gaps, which out the need to 

reduce the structural integrity of the design. This design would 

require further experiment under real life conditions without 

the need to imply idealistic traits to allow said design to be 

adapted by most construction projects 

 

C. Recommendations 

 

Based on the results obtained in the study, the 

following are recommended for improvement of findings: 

 
1. Further testing on the feasibility of the real-life 

application by means of producing a prototype of the desired 

Design. 

 
2. Determining strength and structural capabilities 

during an earthquake. 

 
3. Imploring the implementation of aggregate 

substances to be added into its constituents to improve 

characteristics and properties of the block. 
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