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Background

TSRCM EMM

(𝜎 , 𝜎 )
+ Damage localization
- Capacity  overestimation
- Energy dissipation

(𝜎 , 𝜎 , 𝜏 )

- Damage localization
+ Capacity estimation
+ Energy dissipation
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Model description

Orthotropic Total-Strain-Rotating-Crack Model

 Orthotropic behavior

 Material properties varying with principal angle until cracking

 Failure in tension, compression

 Tensile softening depending on cracking angle

 (Indirect) failure in shear

 15 independent material variables
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Model description

Variation of material properties

𝐸 = 𝐸 , + 𝐸 , − 𝐸 ,

𝛼

𝜋/2

Linear variation for 𝐸 , , 𝑓 , , 𝐺 , , 𝐺 ,

𝑓 , = 𝑓 + 𝑓 − 𝑓
𝛼

𝜋/2
+ 𝑓 + 𝑓 −

𝑓 − 𝑓

2
sin 4 𝑎

After cracking: material properties are fixed to 
those corresponding to the cracking angle 𝑎
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Model description

Compression

𝜎 =

𝐸 𝜀 1 −
,

𝑓𝑜𝑟 𝜀 , ≤ 𝜀 ≤ 0

min 𝑓 , 1 −
, ,

; 0.1𝑓 𝑓𝑜𝑟 𝜀 , ≤ 𝜀 ≤ 𝜀 ,

0.1 𝑓 , 𝑓𝑜𝑟  𝜀 < 𝜀 ,

Where 𝑛 =
, / ,
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Model description

Tension

𝜀 , =

min , + 𝜀 , ; 100𝜀 , for 𝜃 ≥ 𝛼 , ≥ 0  

100𝜀 , for 90 − 𝜃 > 𝛼 , > 𝜃

min , + 𝜀 , ; 100𝜀 , for 90 ≥ 𝛼 , ≥ 90 − 𝜃

Brittle
20 ≥ 𝛼 > 0  &
90 ≥ 𝛼 > 70

shear-like
70 ≥ 𝛼 > 20
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𝛽

𝛽 =

𝛽 𝛼 , − 𝜃

𝜃
for 𝜃 ≥ 𝛼 , ≥ 0

𝛽 sin 4.5 𝛼 , − 90 − 𝜃 for 90 ≥ 𝛼 , ≥ 90 − 𝜃

𝜎 =

𝐸 𝜀 for 𝜀 , ≥ 𝜀 ≥ 0

max 𝑓 , 𝜎 1 −
𝜀 − 𝜀 ,

𝜀 , − 𝜀 ,
for 𝜀 , ≥ 𝜀 ≥ 𝜀 ,

𝐸 , 𝜀 for 𝜀 > 𝜀 ,



Model description

Cyclic behavior

𝟎𝒐 ≤ 𝜶𝒊 < 𝜽𝒇𝒍
 &

9𝟎𝒐 − 𝜽𝒇𝒍 < 𝜶𝒊 < 𝟗𝟎𝒐

𝜽𝒇𝒍 ≤ 𝜶𝒊 ≤ 𝟗𝟎𝒐 − 𝜽𝒇𝒍

𝜎

𝜎

𝜎

𝜀

𝜎

𝜎

𝜀

max 𝑓 , 𝜎

𝑓

𝜎
𝜎
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𝜎 = max 𝜎 , 𝜏

𝜏 = max 𝑐 , 𝑐 − tan 𝜙 𝜎 + 𝐸 𝛿𝜀



Model description

Shear limitation

• Coaxiality of 𝜎 − 𝜀

• 𝜏 = max 𝑐 , 𝑐 − tan 𝜙 𝜎 + 𝐸 𝛿𝜀
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Validation
TUD_COMP_4

EMM

TSRCM Current model
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Validation
TUD_COMP_6

EMM

TSRCM Current model
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TSRCM EMM Rankine Hill Anisotropy

Current model Micro-IS-CCS Micro-CCCS (Lourenco)

Comparison with other existing models

TUD_COMP_4
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TSRCM EMM Rankine Hill Anisotropy

Current model Micro-IS-CCS Micro-CCCS (Lourenco)

Comparison with other existing models

TUD_COMP_6
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TSRCM EMM Rankine Hill Anisotropy

Current model Micro-IS-CCS Micro-CCCS (Lourenco)

Comparison with other existing models

HIGSTA
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TSRCM EMM Rankine Hill Anisotropy

Current model Micro-IS-CCS Micro-CCCS (Lourenco)

Comparison with other existing models

LOWSTA
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Computational time & effort
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Conclusions

Accurate prediction of base shear capacity 

Improvement of dissipated energy 

Sharp damage localization

Numerical instabilities

Computational time
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Thank you 



Tensile Behaviour
Tensile strength

𝑓 𝜃 = 𝑓 − 𝑓 − 𝑓
𝜃
𝜋
2

+ 𝑓 −
𝑓 + 𝑓

2
sin 4𝜃      

with 𝑓 =  𝑓 + 𝑓

Post-peak behaviour

𝛽 𝜃 =

𝛽 𝜃 − 𝜃

𝜃
𝑓𝑜𝑟  0 ≤ 𝜃 < 𝜃

0 𝑓𝑜𝑟  𝜃 ≤ 𝜃 < 𝜋/4

𝛽 sin 2 𝜃 −
𝜋

4
𝑓𝑜𝑟 𝜃 > 𝜋/4

   

& 𝜀̅ 𝜃 =

1

𝛽 𝜃
+ 1 𝑓𝑜𝑟  0 ≤ 𝜃 < 𝜃

100 𝜀̅ , 𝑓𝑜𝑟  𝜃 ≤ 𝜃 < 𝜋/4

1

𝛽 𝜃
+ 1 𝑓𝑜𝑟 𝜃 > 𝜋/4

Compressive Behaviour
𝑓 𝜃 = 𝑓 + 𝑓 − 𝑓

𝜃
𝜋
2

𝐺 𝜃 = 𝛼 + 𝐺 − 𝐺
| |

with       𝛼 =
| |


