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GENOA ABAQUS UMAT/VUMAT allows engineers to perform Multi Scale Progressive Failure Analysis (MS-

PFA) as ABAQUS subroutines.  This capability augments Implicit and Explicit Dynamics finite element analysis 

with composite damage micromechanics.  The resulting output identifies the "root cause" of damage in the 

matrix and fiber using dedicated physics based failure criteria, which determine when, where and why failure 

occurs. Further it provides a mechanism to track all 5 stages of damage evolution under static, impact, 

crush, or crash loading conditions and also calculates micro-cracks in the matrix, delamination within the 

plies, and fiber failure in tension and compression. 
 

  
 

Highlights:  

✓ Supports 2D/3D composite architectures  
▪ Laminates/Tapes (polymer, metals, ceramics, hybrid) 
▪ Fiber Architecture (woven, triaxial, harness, weave, 

braided, stitched) 

▪ Fiber Coating (InterPhase) 
▪ Effects of manufacturing defects/ residual stresses 

✓ Determines composite damage 

▪ Laminate and Ply Damage initiation and propagation 
to final failure 

▪ Damage types (fiber, matrix, several delamination) 
▪ Change ply layups to meet design requirements 
▪ Residual strength behavior (TAI, CAI, FAI) 

✓ Supports Failure Criteria (In-built/User Defined) 
▪ Translaminar/Interlaminar/Delamination 
▪ Interactive Strength (Tsai-Wu, Tsai-Hill, Puck, MDE, 

Hoffman, Hashin) 

▪ Interactive Strain (Strain Invariant Failure Theory) 

✓ Supports Detailed Micromechanical Degradation 
▪ Fiber Defects; Matrix Defects 
▪ Residual Stresses (i.e. curing effects) 
▪ Interphase Mechanics (fiber bridging) 

✓ Supports Service Loads (Static, Impact and Fatigue) 

✓ UMAT and VUMAT support solid and shell elements  

 

 

 

Drop Test
Displacement Filed Prediction 

Using Finite Element Simulation 

Damage Assessment 
using GENOA MS-PFA
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Key Benefits: 
✓ Rapid assessment of composite static, impact and post impact damage tolerance 
✓ Reduction in physical tests by over 65%-70% 

✓ Verification of results with test for Polymers (chopped/continuous, thermoset, thermoplastic); Elastomer, Ceramic 

✓ Multi-scale Progressive Failure Analysis Modeling/Prediction Capabilities 

✓ Identification of damage initiation and propagation to final failure & modes of damage/failure 

✓ Identification of damage types and magnitude to assess risk 

 

  
 

 

MCQ:
Advantages: Fast and Accurate Model.

• 2D Tape/Fabric, 3D stitched braid.

• Laminate strength/strain.
• Effective properties.

• Micro-crack density (leakage, stiffness reduction).

• Effect of defects and environmental degradation.

• Carpet plots and failure envelope.

• Strength allowable generation (reduced test).

Disadvantages: Un-notched coupons only.

GENOA-SHELL for Full Laminate:
Advantages: Fast and accurate model.

• Integrated with MCQ modeling and all FE solvers.

Disadvantages: Does not provide cohesive failure.

GENOA-SOLID:
Advantages: More accurate model.

• Integrated with MCQ modeling and all FE solvers.

• Provides non-linear cohesive failure.

Disadvantages: Long run-time.

• More complex modeling issues to deal with.

• Not practical for subsystems.

GENOA-USERMAT:
Advantages: Within FE solver environment, all capabilities are supported.

Disadvantages:
• Post-failure convergence.

• Must use solver’s VCCT or DCZM, thus only linear cohesive strength supported.

• Fracture/Crack propagation path is pre-defined.
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Quickly Predict Results, Consider Uncertainties and Defects, and Build toward Advanced Complex Solid Modeling

The Modeling Complexity Approach Conforms to a Building-Block Validation Strategy
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