
ASSINGMENT 1 COMPUTATIONAL SOLID MECHANICS

MARCOS BONIQUET 

PART1 (rate dependant models) 

Rate independent+plain strain assumption 

a) 

1.“NON symmetric tension-compression damage” 

This implies changing  MDtype=3  in  main_no interactive .  

Next is changing the damage surface  in  dibujar_criterio_dano1 . 

Now the surface is q=stress norm= , where n defined in main function (n=3) and 

tetha depending on main stresses. 

This theta depends on McAuley and absolute value of main stresses, which can be divided in 4 
ranges, for each of the quadrants. 

For plotting we use the “𝝈 1 =r𝜽cos𝜽 &  𝝈 1 =r(𝜽)cos(𝜽) polar coordinates. (radius depending on 𝜽 is the 
key) and vector “s1” and “s2” sum include point son first and third quadrant. Lines on second and 
fourth quadrant are just made joining to points attached. 

For calculating the stresses must be done on  modelos_de_dano1 ,  Tangent constitutive operator 
☾ , which is considered constant and given by 𝞶 and  E.

Quadrant 1 𝝈 1 >0; 𝝈 2 >0; 𝜽 1 =1 
Quadrant 2 𝝈 1 >0; 𝝈 2 <0; 𝜽 2 =𝝈 1 /(𝝈 1 +𝝈 2 ) 
Quadrant 3 𝝈 1 <0; 𝝈 2 <0; 𝜽 3 =0 
Quadrant 4 𝝈 1 <0; 𝝈 2 >0; 𝜽 4 =𝝈 2 /(𝝈 1 +𝝈 2 ) 

we define non-symmetric factor as  F=(𝜽+ (1-𝜽)/n). 

Quadrant 1 𝜽 1 =1; F=1 
Quadrant 2 𝜽 2 =𝝈 1 /(𝝈 1 +𝝈 2 )=cos𝜽/(cos𝜽+sin𝜽); F=(𝜽 2 + (1-𝜽 2) /n) 
Quadrant3 𝜽 3 =0; 
Quadrant 4 𝜽 4 =𝝈 2 /(𝝈 1 +𝝈 2 )=sin𝜽/(cos𝜽+sin𝜽);F=(𝜽 2 + (1-𝜽 4 )/n) 

Strain norm will be same as symmetric case, divided by this factor, which depends on main 
stresses. 
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2.”Tensile-only” damage model 

Plotting is quite trivial, just taking profit of first quadrant and plotting two straight lines. This 
must be done at  dibujar_criterio_dano1 . 

Again, for calculating the stresses must be done on  modelos_de_dano1 ,  Tangent constitutive 
operator ☾ , which is considered constant and given by 𝞶 and  E. 

3d quadrant 

We assume    Strain norm =0 for other quadrants than the first one. 
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b) 

Implement linear and exponential hardening/softening  (H<0,H>0) 
Linear 

Linear is already implemented. To implement exponential will be necessary to modify 
rmap_dano1 , which calculates the stress path depending on hardening function assumption. 

Only loading variant will take into account the hardening function. 

It’s remarkable that of H<0, the elastic domain diminishes, and if it’s H>0 it increases (e.g. 
metal cases). In this last case the damage leds to a more resistance a posterior stress. 

Exponential 

when: 
q inf <r 0 -->elastic domain diminishes 
q inf >r 0 , it increases. 
q inf =r 0  Elastic domain remains the same 

it’s been detected that when it q inf  >r 0 , “A”  takes an important role  in correct behaviour of 
simulation. 
 Hypothesis: It has to be taken into account that  aux_var(6)=q n+1 /r n+1  has to be bigger than 
q n /r n  in order to damage never decrease.  

With q inf =2 and A=2: 

Examples on 4 combinations: 

Exponential symmetric case 
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Linear symmetric 

Non sym exponential 
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Non symmetric linear 

Both cases,  more damage in linear,  though elastic domain does increases in exponential 
vs linear. 
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c) 

 For each case obtain stress space and stress strain 

Considering  EXPONENTIAL HARDENING/SOFTENING  in order to linear/non linear behaviour to be 
more obvious.  

1. Δ 𝝈 1 
(1) =α ;  Δ 𝝈 2 

(1) =0
Δ 𝝈 1 

(2) =-𝛽 ;  Δ 𝝈 2 
(2) =0

Δ 𝝈 1 
(3) =𝛾 ;   Δ 𝝈 3 

(3) =0

SIGMAP=(α 0, α-𝛽 0, α-𝛽+𝛾 0)

Symmetric 

First path 1-11 
1 to 5   Elastic domain. No damage. Linear behaviour. REACHES  damage surface. 
5 to 11 Load. Damage. Damage Surface increases.  

First path 11-21 
11 to 21 Unload. No damage. Elastic behaviour (E d  ) 

First path 21-31 
21-27     Elastic domain. No damage. Linear behaviour.  REACHES  damage surface.
27 to 31 Load. Damage Surface (already increased) increases more.  reaches at  𝝈 2  =284 vs  𝝈 2 =200
of point 5.

● Non Symmetric tension-compression: Same
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● tension-only case:Same  
 

 
2. Δ 𝝈 1 

(1) =α ;  Δ 𝝈 2 
(1) =0 

Δ 𝝈 1 
(2) =-𝛽 ;  Δ 𝝈 2 

(2) =-𝛽 
Δ 𝝈 1 

(3) =𝛾 ;   Δ 𝝈 3 
(3) =𝛾 

 
SIGMAP=(α 0, α-𝛽 -𝛽, α-𝛽+𝛾 -𝛽+𝛾) 

 
Symmetric  

 
 
First path 1-11 
1 to 8  Elastic domain. No damage. Linear behaviour. REACHES  damage surface. 
8 to 11 Load. Damage. Damage Surface increases.  
 
First path 11-21 
11 to 21 Unload. No damage. Elastic behaviour (E d  ) 
 
First path 21-31 
21-25     Elastic domain. No damage. Linear behaviour.  REACHES  damage surface. 
25 to 31 Load. Damage Surface (already increased) increases more.  
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Non Symmetric tension-compression 

 
 
Very similar to symmetric case: 
 
First path 1-11 
1 to 8  Elastic domain. No damage. Linear behaviour. REACHES  damage surface. 
8 to 11 Load. Damage. Damage Surface increases.  
 
First path 11-21 
11to 21 Unload. No damage. Elastic behaviour (E d  ) 
 
First path 21-31 
21-26     Elastic domain. No damage. Linear behaviour.  REACHES  damage surface. 
26 to 31 Load. Damage Surface (already increased) increases more.    Reaches surface at  𝝈 2  =287 
vs  𝝈 2 =158 of point 26.  
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Tension-only case 

First path 1-11 
1 to 8  Elastic domain. No damage. Linear behaviour. REACHES  damage surface. 
8 to 11 Load. Damage. Damage Surface increases.  

First path 11-21 
11 to 21 Unload. No damage. Elastic behaviour (E d  ) 

First path 21-31 
21-26     Elastic domain. No damage. Linear behaviour.  REACHES  damage surface.
26 to 31 Load. Damage Surface (already increased) increases more.   Reaches surface at  𝝈 2  =288 vs
𝝈 2 =210 of point 19-20.
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3. Δ 𝝈 1 

(1) =α ;  Δ 𝝈 2 
(1) =α 

Δ 𝝈 1 
(2) =-𝛽 ;  Δ 𝝈 2 

(2) =-𝛽 
Δ 𝝈 1 

(3) =𝛾 ;   Δ 𝝈 3 
(3) =𝛾 

 
SIGMAP=(α α, α-𝛽 α-𝛽, α-𝛽+𝛾 α-𝛽+𝛾) 
 

Symmetric  

 
 
First path 1-11 
1 to 7  Elastic domain. No damage. Linear behaviour. REACHES  damage surface. 
7 to 11 Load. Damage. Damage Surface increases.  
 
First path 11-21 
11 to 21 Unload. No damage. Elastic behaviour (E d  ) 
 
First path 21-31 
21-22     Elastic domain. No damage. Linear behaviour.  REACHES  damage surface. 
22 to 31 Load. Damage Surface (already increased) increases more.  
 

● Non Symmetric tension-compression: Same 
● tension-only case:Same  
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ANEXO 1














































