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Matlab

(Pi , i ))

 

c , xi ,ECr i (



  
(Pi , i )

ECC

 

No. Point 1 2 3 4 5 6 7 8 

Force  (KN) 7.5 13.0 15.0 16.5 17 17.5 18.0 18.5 

Displacement (mm) 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 

        

No. Point 13 14 15 16 17 18 19 20 

Force  (KN) 18.5 19.5 19.5 18 12 9 7 5.5 

Displacement (mm) 1.8 2 2.2 2.4 2.6 2.8 3 3.2 
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(N) 

D 
(mm) 

C        
(N) 

T        

 

(N)  (mm) 
X 

(mm) c  t 
Ecr   

(Mpa) 
Z1   

(mm) 
Z2 

(mm) 
Mu 

(N.mm) 
Mr 

(N.mm) 
Er.  

(%) 
Er. F 
(%) 

Er.M 
(%) 

0 0.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7500 0.20 5.90E+04 5.87E+04 0.205 46.5 0.003 0.003 6400 31 34.33 3.75E+05 3.80E+05 0.51 2.50 1.33 

13000 0.40 9.90E+04 9.93E+04 0.399 45.5 0.005 0.005 6100 29.96 34.74 6.50E+05 6.50E+05 0.30 0.18 0.02 

15000 0.60 1.17E+04 1.16E+04 0.579 44 0.006 0.007 5400 29.1 36.51 7.50E+05 7.60E+05 0.27 3.50 1.33 

16500 0.80 1.34E+05 1.29E+05 0.763 43 0.007 0.009 4800 28.44 37.2 8.25E+05 8.46E+05 3.60 4.61 2.59 

17000 1.00 1.29E+05 1.30E+05 0.954 41.5 0.007 0.009 4400 27.45 38.14 8.50E+05 8.50E+05 0.36 4.59 0.03 

17500 1.20 1.35E+05 1.36E+05 1.148 40.5 0.007 0.01 4050 26.78 38.8 8.75E+05 8.92E+05 0.69 4.33 1.91 

18000 1.40 1.42E+05 1.37E+05 1.342 40 0.008 0.011 3700 26.46.86 39.11 9.00E+05 9.00E+05 3.48 4.17 0.03 

18500 1.60 1.39E+05 1.42E+05 1.529 39 0.008 0.011 3600 25.77 39.77 9.72E+05 9.27E+05 2.03 4.44 4.64 

18500 1.80 1.58E+05 1.49E+05 1.733 39 0.009 0.013 3350 25.59 39.8 9.75E+05 9.72E+05 6.06 3.73 0.26 

19500 2.00 1.58E+05 1.52E+05 1.919 38.5 0.009 0.014 3150 25.12 40.13 9.75E+05 9.94E+05 3.83 4.03 1.95 

19500 2.20 1.56E+05 1.50E+05 2.098 38 0.009 0.015 3000 24.79 40.42 9.75E+05 9.78E+05 3.91 4.64 0.26 

18000 2.40 1.46E+05 1.39E+05 2.281 37 0.009 0.015 2750 24.28 40.98 9.00E+05 9.07E+05 4.40 4.97 0.78 

12000 2.60 1.53E+05 1.89E+05 2.52 37 0.015 0.035 1650 16 39.59 6.00E+05 4.92E+05 6.00 3.08 8.00 

9000 2.80 1.47E+05 1.50E+05 2.69 36 0.015 0.038 1200 11.57 41.03 4.50E+05 3.96E+05 2.33 3.93 12.00 

7000 3.00 1.24E+05 1.30E+05 2.88 35.5 0.019 0.045 850 11.9 40.5 3.50E+05 2.99E+05 5.01 4.00 14.57 

5500 3.20 1.08E+05 1.11E+05 2.99 35 0.024 0.051 600 9.82 39.93 2.75E+05 2.29E+05 -2.78 6.56 16.73 

4000 3.40 7.42E+04 8.90E+04 3.2 34 0.03 0.056 350 6.079 38.37 2.00E+05 1.79E+05 19.95 5.88 10.50 
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S-ECC 39 8 42.8 1.2 1.4 0.34 2.5 5.1 4.5 5.9 28.6 4.85 2.04 

    Li-ECC   
No 1 

39 12 42.8 0.0 2.44 0.5 3.11 4.89 0.99 5 3.6 - 6.6 0.73 - 1.33 1.57 
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No 2 

39 12 42.8 0.3 2.15 0.5 2.63 4.72 1.55 5 5.1 - 13.7 1.03 - 2.76 1.79 

    Li-ECC   
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39 12 42.8 0.5 2.14 0.5 2.35 4.09 2.73 5 7.6 - 13.6 1.54 - 2.72 1.74 
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39 12 42.8 0.8 1.98 0.5 2.9 4.62 3.81 5 12.5 - 20.7 2.5 - 4.14 1.59 
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39 12 42.8 1.2 1.11 0.5 2.92 4.41 4.88 5 24.2 - 38.1 4.84 - 7.62 1.51 
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Engineered Cementitious Composite 

  

ECC Date Sheet                                                                                                                                            

  
No Specimen Date of casting 

  
Properties of Specimens 

Type

 

Cube Cylinder Beam 

Number

    

Dimensions(cm)

    

Volume(cm3)

    

Weight(gr)

    

Properties of Materials 

Cement 

Type: 

 

Density: 3.16 (gr/cm3)

 

Considerations: sieved by #50

 

Fly ash 

Type: Class C

 

Density: 2.15(gr/cm3)

 

Considerations: sieved by #100

 

Aggregate 

Type: Silica sand 

 

Density: 2.75(gr/cm3)

 

Considerations: Fine aggregate (0-300 m) 

 

Super plasticizer 

Type: M63

 

Density: 1.2(gr/cm3)

 

Considerations: An aqueous solution (33.3 %wt)

 

Polymeric Materials 

Type:

 

Density:

 

Considerations:

 



 
Engineered Cementitious Composite 

  

ECC Date Sheet                                                                                                                                            

  
Fiber properties 

Type Length Diameter

 
Density Modulus Elongation

 
Tenacity 

REC-15 8 mm 39 m 1.3 gr/cm3 42.8 Gpa 6.0% 1620 Mpa 

Considerations: The surfaces of fibers have been coated with 1.2% wt of oiling agent 
(parformaldehyde). First an aqueous solution (by 1 liter water) of oiling agent has been 
prepared and then fibers have been presoaked for 30 minutes.

 

Mix properties 

Cement Sand Fly ash Water 
Super 

plasticizer

 

Fiber Vol (%) 

            

Total Volume Practical Factor Practical Volume 

   

Cement Sand Fly ash Water 
Super 

plasticizer

 

Fiber Vol (%) 

      

Curing 

Type Temperature of  Water 

  

Date of  Starting Date of Ending 

  

Considerations:

 

Mixing Procedure 

 



   
Cast PVA
Without fiber 

Cast PVA

         
Cast PVA-ECC
Without fiber 

          

Cast PVA-ECC

 
ECC

  
Notched 

Beam

  

ECC

 

Notched 
Beam

   
Notched 

Beam

 
Beam

1

 

Notched 
Beam

 

Beam

1

   
Beam

 
Cylinder

1

 

1

 

Beam

 

Cylinder

1

 

1

  
Cylinder

 
Cube

1

   

Cylinder

 

Cube

1

 
1 

Cube

 

87.11.1
1 

  

2 

Cube

 

87.11.8
1 

      
87.11.1

      

87.11.8

    



            
3 

    

Mix III 

Notched 
Beam 

Beam Cylinder Cube 
88.01.19 

 

2 - 2 

  

M63 

 

w/C+FA = 0.23

 

ELE

          



          

4 

    

Mix I 

Notched 
Beam 

Beam Cylinder Cube 
88.01.20 

 

2 - 2 

 

PCEM63 

  

PCE M63  

PCE    

          



          
5 

    

Mix I 

Notched 
Beam 

Beam Cylinder Cube 
88.01.30 

1 1 - - 

 

PCEM63 

      

0.06

      

6 

    

Mix I 

Notched 
Beam 

Beam Cylinder Cube 
88.02.02 

1 1 - - 

    

0.06 0.01 

   



              

7 

    

Mix I 
Dog bone Beam Cylinder Cube 

88.02.30 
13 - - - 

        

8 

    

Mix I       
Without Fiber 

Notched 
Beam 

Beam Cylinder Cube 
89.01.21 

2 - - - 

k C

    

  

  

  

    



          

9 

    

Mix I       
Without Fiber 

Notched 
Beam 

Beam Cylinder Cube 
89.02.04 

1 - 2 - 

k C

    

  

   

  

       

10 

    

Mix I       
Without Fiber 

Notched 
Beam 

Beam Cylinder Cube 
89.06.02 

1 - 1 - 

k C

   

          

 

  

   

  

   



          
11 

    

Mix I       
Without Fiber 

Notched 
Beam 

Beam Cylinder Cube 
89.06.02 

1 - 1 - 

k C

      

  

 

  

      

12 

    

Mix I       
Without Fiber 

Notched 
Beam 

Beam Cylinder Cube 
89.09.14 

1 - 1 - 

k C

   

          

    



            

13 

    

Mix I 
Strip Beam Cylinder Cube 

89.06.24 
2 1 - 6 

     

PCE  

           



          

14 

    

Mix I 
Strip Beam Cylinder Cube 

89.06.25 
2 2 - 6 

             



      

MMAATTLLAABB  22001100



    
clf; 

clear; 

%% Definitions%%%%% 

B = 100;%% Width of Beam 

B = input('enter B(Width od Beam) : ');   

H = 100;%% High of Beam 

H = input('enter H(High of Beam : ');   

L = 300;%% Length of two Support 

L = input('enter L(Length of two Support : ');   

LL = 100;%% Length of two Force 

LL = input('enter LL(Length of two Force : ');   

E1 = 6750;%% Modulus of Elasticity at Frist 

E1 = input('enter E1(Modulus of Elasticity at Frist : ');   

SS = 2.5;%% Frist Crack Stress 

SS = input('enter S1(Frist Crack Stress : ');   

Puc = 100; 

Puc = input('enter P uncracked : ');     

hold on; 

plot(0:0.00099:0.03,Ase(0:0.00099:0.03,1),'.-'); 

%%%%%%%%%%%%%%%%%%%%% 

%%%%%UNCRACKED%%%%%%%%%%%%% 

I1 = (B * (H ^3))/12 

Dunc = (Puc*((L-LL)^3))/(48 * E1 * I1)+(Puc*(LL^3)*(L-

LL))/(32*E1*I1)+(Puc*LL*((L-LL)^2))/(16*E1*I1) 

%%%%%%%%%%%%%%%%%%%%% 

%%%%%Cracked%%%%%%%%%%%%%%% 



    
i=0; 

while(1) 

    i = i+1; 

    P(i) = input('enter P : '); 

    if(P(i)==0) 

        break; 

    end 

    D(i) = input('enter D : '); 

     

    ans1=0; 

    ans2=0; 

    ans3=0; 

     

    for X=H/2:-0.5:0.5 

        for EC=1/1000:5/10000:1/100 

            for E2=20000:-100:100 

                DD = ((P(i)*((L-LL)^3)/E2/B/8/X/X/X)+(3*P(i)*(L-LL)*(L-

LL)/8/E2/B/X/X/X)+(3*P(i)*LL*LL*(L-LL)/8/E2/B/X/X/X)); 

                if((abs(D(i)-DD)/D(i))<0.11); 

                    ans1=1; 

                else  

                   ans1=0; 

                    '111' 

                    K1 = (abs(D(i)-DD))/D(i) 

                    continue; 

                end 

                A1=@(m)m.*Ase(m,1); 

                A2=@(m)Ase(m,1); 

                A3=@(m)m.*Ase(m,X/EC); 

                A4=@(m)Ase(m,X/EC); 

                EE=SS/E1; 

                ET=EC*(H-X)/X; 

                %plot(0:0.01:X,A2(0:0.01:X),'x'); 

                C=quad(A2,0,EC)*B*X/EC; 



    
                T=((SS*EE/2)+((ET-EE)*SS)+(E2/2*((ET-EE)^2)))*B*(H-X)/ET; 

                if(((abs(C-T))/T)<0.07) 

                    ans2=1; 

                else 

                    ans2=0; 

                    '222' 

                    K2 = (abs(C-T))/T 

                    continue; 

                end 

                Z1=quad(A3,0,X)/quad(A4,0,X); 

                Z2=((SS*EE*EE/3)+(SS*(ET-EE)*(ET+EE)/2)+(E2*(ET-EE)*(ET-

EE)/2*(2*ET/3+EE/3)))/((SS*EE/2)+((ET-EE)*SS)+(E2/2*(ET-EE)*(ET-EE)))*(H-

X)/ET; 

                M=P(i)*(L-LL)/4; 

                MM=T*(Z1+Z2)/10; 

                if(((abs(M-MM))/M)<0.07) 

                    ans3=1; 

                else 

                    ans3=0; 

                    '333' 

                    K3 = (abs(M-MM))/M 

                     

                    continue; 

                end 

                 

                if((ans1==1)&&(ans2==1)&&(ans3==1)) 

                    Xres(i)=X; 

                    ECres(i)=EC; 

                    E2res(i)=E2; 

                    ETres(i)=ET; 

                    Cres(i)=C; 

                    Tres(i)=T; 

                    break; 

                end 



    
            end 

            if((ans1==1)&&(ans2==1)&&(ans3==1)) 

                break; 

            end 

        end 

        if((ans1==1)&&(ans2==1)&&(ans3==1)) 

            break; 

        end 

    end 

     

    if((ans1==1)&&(ans2==1)&&(ans3==1)) 

        close all; 

        clf; 

         

         

        subplot(1,4,1) 

        l=line([0 0],[X-H X]); 

        l=line([-ET 0],[X-H X-H]); 

        l=line([-ET EC],[X-H X]); 

        l=line([0 EC],[X X]); 

         

        text(0,X,'\leftarrow ',... 

            'HorizontalAlignment','left','VerticalAlignment','bottom') 

        text(0,X-H,'\rightarrow ',... 

            'HorizontalAlignment','right','VerticalAlignment','top') 

        text(EC,X,' \rightarrow',... 

            'HorizontalAlignment','right','VerticalAlignment','bottom') 

        text(-ET,X-H,' \leftarrow',... 

            'HorizontalAlignment','left','VerticalAlignment','top') 

         

        text(EC/2,X,'Ec',... 

            'VerticalAlignment','bottom') 

        text(-ET/2,(X-H),'Et',... 

            'VerticalAlignment','top') 



    
         

         

        text(0,X,'\uparrow ',... 

            'HorizontalAlignment','right','VerticalAlignment','top') 

        text(0,0,'\downarrow ',... 

            'HorizontalAlignment','right','VerticalAlignment','bottom') 

        text(0,0,' \uparrow',... 

            'HorizontalAlignment','left','VerticalAlignment','top') 

        text(0,X-H,' \downarrow',... 

            'HorizontalAlignment','left','VerticalAlignment','bottom') 

         

        text(0,X/2,'x ',... 

            'HorizontalAlignment','right') 

        text(0,(X-H)/2,'  h-x ',... 

            'HorizontalAlignment','left') 

         

        xlabel('(a)','Fontname','Times','Fontsize',10) 

        set(l,'MarkerSize',4) 

        set(gca,'Fontname','Times','Fontsize',10) 

         

        subplot(1,4,2) 

        l=plot(Ase(0:0.1:X,X/EC),0:0.1:X); 

        l=line([0 -SS],[0 -(SS/E1)*(H-X)/ET],'color','r') 

        l=line([-SS -(SS+E2*(ET-(SS/E1)))],[-(SS/E1)*(H-X)/ET -(ET)*(H-

X)/ET],'color','k') 

        l=line([0 0],[X-H X]) 

        l=line([0 Ase(X,X/EC)],[X X],'LineStyle','-.') 

        l=line([0 -(SS+E2*(ET-(SS/E1)))],[X-H X-H],'LineStyle','-.') 

         

        text(0,X,'\uparrow ',... 

            'HorizontalAlignment','right','VerticalAlignment','top') 

        text(0,0,'\downarrow ',... 

            'HorizontalAlignment','right','VerticalAlignment','bottom') 

        text(0,0,' \uparrow',... 



    
            'HorizontalAlignment','left','VerticalAlignment','top') 

        text(0,X-H,' \downarrow',... 

            'HorizontalAlignment','left','VerticalAlignment','bottom') 

         

        text(0,X/2,'x ',... 

            'HorizontalAlignment','right') 

        text(0,(X-H)/2,'  h-x ',... 

            'HorizontalAlignment','left') 

         

        text(Ase(X/2,X/EC)/2,X/2,['C = ' num2str(C)],'color','r') 

        text(-Ase(X/2,X/EC)/2,(X-H)/(3/2),[' T =  ' num2str(T)],'color','r') 

         

         

        xlabel('(b)','Fontname','Times','Fontsize',10) 

        set(l,'MarkerSize',4) 

        set(gca,'Fontname','Times','Fontsize',10) 

         

        subplot(1,4,3) 

        l=plot(0:0.00099:.03,Ase(0:0.00099:.03,1)); 

        l=line([EC EC],[0 Ase(EC,1)],'LineStyle','-.') 

        text(EC,Ase(EC,1),['\leftarrow Ec = ' num2str(EC)],... 

            'HorizontalAlignment','left') 

        grid on; 

        xlabel('(c)','Fontname','Times','Fontsize',10) 

        set(l,'MarkerSize',4) 

        set(gca,'Fontname','Times','Fontsize',10) 

         

        subplot(1,4,4) 

         

        l=line([0 SS/E1],[0 SS],'color','r') 

        l=line([SS/E1 ET*1.1],[SS ET*E2*1.1]) 

        l=line([ET ET],[0 ET*E2],'LineStyle','-.') 

        text(SS/E1,SS,['\leftarrow E2 = ' int2str(E2)],... 

            'HorizontalAlignment','left') 



    
        text(ET,ET*E2,['Et = ' num2str(ET) ' \rightarrow'],... 

            'HorizontalAlignment','right') 

         

        grid on; 

        xlabel('gholi','Fontname','Times','Fontsize',10) 

        set(l,'MarkerSize',4) 

        set(gca,'Fontname','Times','Fontsize',10) 

         

        set(gcf,'PaperPosition',[0,0,4.5,1.5]) 

        print -dpng plot4.png 

    end 

end   

hold off;   

 

ASE Function: 

function y = f(x,z) 

E=z*[0 0.00125 0.0025 0.00375 0.005 0.00625 0.0075 0.00875 0.01 0.01125 0.0125 

0.0137 0.015 0.01625 0.0175 0.01875 0.02 0.0215]; 

S=[0 12.7 25.4 34.29 48.26 58.42 68.58 68.58 64.77 60.96 53.34 48.26 45.72 43.18 

40.64 38.1 34.29 0]; 

Ase = [E;S]; 

%for i = 1:length(Ase(1,:))-1 

%    if(x.>=Ase(1,i))&&(x.<Ase(1,i+1)) 

for j = 1:length(x) 

    y(j)=0; 

i(j)=find(x(j)>=Ase(1,:),1, 'last' ); 

if(i<length(Ase(1,:))) 



    
    y(j)=((Ase(2,i(j))-Ase(2,i(j)+1))/(Ase(1,i(j))-

Ase(1,i(j)+1)))*x(j)+((Ase(2,i(j))*Ase(1,i(j)+1)-

Ase(2,i(j)+1)*Ase(1,i(j)))/(Ase(1,i(j)+1)-Ase(1,i(j)))); 

end 

end 

%    end 

%end  



    
Abstract:  

Engineered Cementitious Composite (ECC) is a special class of Fibre Reinforced 

Cementitious Composite (FRCC) which undergoes strain-hardening, multiple cracking 

and tensile strain capacity. Material engineering of ECC consists of the relationships 

between material microstructures, processing, material properties, and performance. 

And micromechanics provide a rational link between mechanical performance and 

material properties. Micromechanical parameters associated with fibre, matrix and 

interface are combined to satisfy a pair of criteria, including the first crack stress 

criterion and steady state cracking criterion. The satisfaction of these criteria results in a 

high performance fibre reinforced engineered cementitious composite with strain-

hardening behaviour.  

While significant advantages have been achieved in the developed countries concrete 

industry, very limited studies have been carried out on the behaviour of ECC in Iran. 

The aim of this study is to develop an Engineered Cementitious Composite using local 

available materials. This thesis discusses in concepts of strain-hardening, multiple 

cracking, and steady state cracked region. Next, the result of experimental programme 

designed to evaluate the properties of Shahrood-ECC.  

Finally, through the offered method, tension behavior of ECC is modeled and 

micromechanics Parameters are calculated.   

Key Words: Engineered CementitiousComposites, Strain Hardening, Micromechanic, 

Multiple Crcaking
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