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PRODUCT DESCRIPTION 
During a fire hazard, fire directly contacts with the building structures, 
causing the heat transfer into the structures in very fast moments. This 
leads to the substantial deterioration of strength of support structures such 
as cement! concrete/ slabs due to high temperature. Moreover, the steels 
embedded inside the column structures will also eventually expand during 
the fire, inducing structural failure. All these contribute to the collapse/ 
destroy of building in short time. 
FIRE-SHIELD paint is invented as passive fire protection system. FIRE­
SHIELD protective paint is formulated to prevent direct contact of fire with 
substrate, slow down the heat transfer, and protect building structures, 
allowing sufficient time for rescue operation of fire rescue teams and for fire 
victims to escape for life. 

FIRE ANALYSIS 

PHYSICAL & MECHANICAL PROPERTIES 
Items Remarks 

Drying Time 2-5 hours -
Adhesion Strength I Excellent adhesion to substrate/existing I 

coating/inter-coating 
Application Method Brush/ Roller/ Spraver 

Thickness Single/Multiple coat « 0.2mm) 
Resistance Water/ChemicallWear 

FIRE! THERMAL PROPERTIES 
Test Properties 

Fire Test 30 minutes fire ratina i 
Thermal Conductivity 0.20-0.60 W/moC I 

Direct flame test 40 minutes at ",195O°C ! 
Flame Spread Index 

Class A I Smoke Developed Index I L _______ . 

DIRECT FLAME TEST 

~~;;.. 

Without FIRE-SHIELD 

!.~_1 NOVELTIES 
• Environmentally friendly - VOC free 
• Good adhesion between substrate 
• Low smoke emission 
• Abundant raw materials resources 
• Low energy consumption process 
• Maintenance free 

FIRE-SHIELD PAINT is specially design for flame protection to enhance the 
fire resistance of combustible surfaces such as cement walls. Products made 
in fluid type that dries to form a continuous solid film when spread over a 
surface while not ignoring the functions of paint for decoration of surfaces 
with variety of color, texture, finished. 

_ POTENTIAL AP'PLICATIONS 
• Refuge floor 
• Nuclear power station 
• Commercial and residential construction 
• Tunnel concrete 
• Underground mining 

Operating room in hospitals 
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_ COMMERCIAL P.OTENTIALS 
COLLABORATION! FUNDING BODY 
• Collaborative project between UniMAP & KACST (King Abdulaziz City and 

Science Technology, Saudi Arabia). 
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PRODUCT DESCRIPTIONS 
• A new computational algorithm in fuzzy environment 
• A new fuuification process 
• A hybrid approach 

_ PROBLEM STATEMENT 
Let us consider the following initial value problem: 

{
x'(t) ' fit. x(t)). t E [to. rl. 
x(to) = Xo. 

(1) 

where f : [to. T] x JR .... iR. is a rea~valued function and Xo E JR. Suppose that 
the initial value in (1) is uncertain and replaced by a fuzzy interval, then we 
have the foHowing fuzzy initial value problem: 

{
X1(t)=7(t.X(t)}. tE[to,Tl. (2) 
X(to)=~. 

where 1 : [to. T] X F(JR) .... F(JR) is a fuzzy-valued function and ~ E F(IR}. 

• DERIVATION OF ALGORITHM 
Suppose we have the initial value problem in (1). By integrating both sides 
over [ti~ ti-.l]. we have 

1,"" x'(t)dt = 1,".' f(t.x(t))dt. (3) 

which gives 

x(t;+l) = x(t;} + ['-' f(t.x(t))dt. (4) 1r, 
Using integration by parts, we see that 

x(t;+l) = X(ti) + (ti~1 - t;)f(t;.x(t;)) + 1,". '(ti+1 - t)f(t.x'(t))dt. (5) 

By setting h = ti., 1 ~ ti, we have 

X(ti+1) = x(t;} + hf(t;.x(t;}) + f"'(ti+1- t)f(t,x'(t))dt. (6) 
1" 

We truncate (6) at the I,:"(ti+1 ~ t)f(t,x'(t))dt term. Therefore. we have 
the following general equation for Euler method: 

X(ti+,} =x(ti}+hf(t;,x(t;)), i=0,1.2, ... ,N~I. (7) 

For simplicity. we rewrite (7) as 

X;+1~ Xi ·f· hf(ti,Xi). ; = 0.1,2, ...• N ~ 1. (8) 

Let m(h. ti.Xi) = x;+ hf(ti,Xi). Now, (8) becomes 

Xi+! = m(h. ti. Xi), i = 0,1, 2, ... , N ~ 1. 

where m is a real valued function. If m accepts fuzzy intervals X, as 
arguments, then from Zadeh's extension principle we have 

Xi+ 1 = m(h. t;.Xi). i = 0,1.2, .... N ~ 1. 

(9) 

(10) 

where m becomes a fuzzy interval valued function. The membership function 
of m is defined as: 

{

SUP Xi(x) ,if Y E range(m). 
m(h, ti. X,)(y) = XE ..... '(h .• ,.y) 

o .ify¢ range(m). 
(11) 

If [X;+11" = [XI-iLl. xi'1.,J, then (10) becomes 

xi~ Ll = min {m(h, ti, u) I U E [x/\, xJ.,!} . (12) 

x/:1.2 = max {m(h. t;. u) I u E [xi". x;:'!} . (13) 
The Eqs. (12) and (13) will generate the approximate solution of (2) at each 
level of (I-cut. 

and B. De Baets (2013). Analytical and Numerical Solutions 
lWit ••• aJ ~ ... _ ..... "~Information Sciences, Vol. 236: 156-167. {IF: 3.643, JR : 

II NUMERICAL EXPERIMENT 
Consider the following fuzzy initial value problem: 

{
X'(t) = ~X + 2sin(3t). t E [0.41· (14) 
X(O) = (-1.0.1). 

The analytical solution of (14) is given by 

xi'(t} = ~~~cos(3t) ~ ~sin(3t) .:. (~(1 ~ tl) +~) .1' 
37 37 37 ' 

x,'(t) = ~~coS(3t) ~ ~sin(3t) + (1- <» +~) el '. 
The numerical solutions of (14) are giver. as follows: 

~" 

Table: Errors 
~-··~.·-Xi\I~) . x4.1 ·--·~;·r~; " · ·xN4r-·--· -~:;_ E4:right 
0.0 -3.085512 -3.099599 0.014087 11.692601 11.389693 0.302908 
0.1 -2.346606 -2.375134 0.028528 10.953695 10.665229 0.288466 
0.2 -1.607700 -1.650670 0.042970 10.214789 9.940764 0.274025 
0.3 -0.868795 -0.926205 0.057410 9.475884 9.216300 0.259584 
0.4 -0.129ee9 -0.201740 0.071851 8.736978 8.491834 0.245144 
0.5 0.609016 0.522724 0.086292 7.998072 7.767370 0.230702 
0.6 1.347922 1.247189 0.100733 7.259167 7.042906 0.216261 
0.7 2.086828 1.971653 0.115175 6.520261 6.318441 0.201820 
0.8 2.825733 2.696118 0.129615 5.781356 5.593976 0.187380 
0.9 3.564639 3.420583 0.144056 5.042450 4.869512 0.172938 
1.0 4.303544 4.145047 0.158497 4.303544 4.145047 0.158497 
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Figure: The analytical solution of (14) Figure: The numerical solution of of (14) 

II NOVELTIES 
The dependency problem has been considered in developing the algorithm 

• An efficient computational algorithm has been proposed in order to guarantee 
the convexity of fuzzy solution on the time domain 

ADVANTAGES 
• Easy to implement 
• Numerical solution converges to real solution 

COMMERCIAL POTENTIALS 
• Fuzzy Calculator 
• Broad applications in Science and EngineerinQ fi elds 

. ', COLLABORATIONS 
• b School of Information Science, Faculty of Information Science and 

Technology, Universiti Kebangsaan Malaysia, Malaysia 

• c Department of Mathematical MO.dellin. g, StatistiCS a.nd .. Bi.O. in. f. o .. r.'m.. atics, \ 
Ghent University, Belgium 
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