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Fatigue Analysis in Adhesive Joints
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Way to Assessment of Bonded Joints

Master S-N curve:

1. Analysis Concept & Strength Data

Validation S-N curves:

FOSTA  [1] [2] [3] [4]

FOSTA  [1] [2] [3] [4]

2. Validation

3. Calibration (+ Method Improvement, if nec.)
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Analysis Concept & Strength Data
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Master S-N Curve Generation: Betamate 1496V

3 Stripes,

2 Coats,

hexa8

RBE3-hexa-RBE3

FE Modelling Guideline:

Analysis Parameters:

MINER Elementary

Normal Stress in Critical Plane

Influence Factors:

Stress Gradient

• Endurance Limit

Mean Stress

• Endurance Limit

• Slope/ Cycle Limit

Stress Rearrangement

• Mean
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Middle Plane Assessment

ZN307 [1]

𝑭𝒂 = 𝟐, 𝟒𝟒𝟓𝐤𝐍
𝑵𝑹𝒖𝒑𝒕𝒖𝒓𝒆 = 𝟑𝟎𝟔𝟑𝟏

𝑷𝒔 = 𝟓𝟎%
𝑹 = 𝟎. 𝟏

𝑥1

𝑥2

Reduction of high coupling sensitivity through assessment of middle plane
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Validation

May 2021 / ECS, St. Valentin AT / M. Frank



Validation: Betamate 1496V Examples

𝐹1

𝐹2

𝑃𝑆 = 50%
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Correlation for Stress Concentrations
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Correlation for Stress Concentrations
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T-joint, R=0.1, perpendicular loading
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T-joint, R=0.1, longitudinal loading

Rupture in test

FEMFAT result

𝑃𝑆 = 50%

𝐹𝑝

𝜎1

𝜎2

𝜎3

𝐹𝑝 = 100N

Stress concentration

→ New MP1 specimen tests

→ New assessment approach?
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Failure for Stress Concentrations
… by tests on MP1 specimen
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Test MP1 Specimen:   Crack Propagation

SikaPower 493

Small bead

Force perpendicular

𝑅 = 0
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Cohesive Fatigue Failure



Test MP1 Specimen: Failure Criterion

Crack Initiation: Zone:
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Test MP1 Specimen: S-N Curves

SikaPower 493, Small bead, Force perpendicular, 𝑅 = 0

Crack Initiation

Crack Initiation

Zone

Zone

Rupture

Rupture              

Number of Load Cycles 𝑁

F
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 𝐹
𝑎

MP1 Specimen

SikaPower 493

Small Bead

𝐹 perpend., 𝑅 = 0
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New Method for Adhesive Assessment
… against Zone Failure
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Determination of Equivalent Length 𝑙𝑉 from Intersection 

Area 𝐴 and Front Length 𝑙𝐹 of Virtual Cracked Zones
𝐴

𝑙𝐹

New Method for Adhesive Assessment

𝑎𝑉 =
𝑙𝑉

𝑙𝑉𝑐𝑟𝑖𝑡
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✓ Method implemented in Standalone Tool ClaRP

𝑙𝑉 =
𝐴

𝑙𝐹

Critical Length 𝑙𝑉𝑐𝑟𝑖𝑡 calibrated

by Zone S-N curves:

→ Result of Interest: Degree of Utilization 𝑎𝑉



Validation: SikaPower 493 Examples

𝐹1

𝐹2

𝑃𝑆 = 50%
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Case Study – Vehicle Body
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Case Study – Vehicle Body

FE Model

ClaRP

FE Analysis

Damage Assessment

Fatigue Analysis
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BIW with 1310 Adhesive Joints



Fatigue Analysis

May 2021 / ECS, St. Valentin AT / M. Frank



– Minimum Input & Analysis Run

Add Nodes of *_Adh_GRI_mid

to Elements of Adh_ELE

to create the Analysis Group

Add *_Adh_ELE to *_Adh_GRI_mid

for separate analysis of the adhesives

Groups: Node Characteristics:

Analysis Parameters:
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Assign the available Material

SP493_FEMFAT54_ClaRP211.ffd

to the Analysis Group

Select R = const

1 2

3 4

5

1

2

Select 3D-Stresses, All Nodes

(for MAX only)

Set Abs. Str. Limit to 0 N/mm2

3

4

5



Damage Assessment
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ClaRP – Minimum Input & Analysis Run

1. Select FE Entities:

Version: ClaRP 21.1

# FE

FE_File: ..\..\1_femod\example.nas # file path

# FF

FF_File: ..\..\3_femfat\max\example.dma # file path

Job File (*.crp):

3. Save     & Run     the job

2. Select Fatigue Results:

GUI Mode: Batch Mode:

rem  -----------------------------------------------------

set CP=CALL "C:\path2\software\clarp\win\ClaRP.exe“

rem  -----------------------------------------------------

%CP% --crp C:\path2\projects\project1\job1.crp

%CP% --crp C:\path2\projects\project2\job1.crp

Run the job (*.bat, *.que, …):
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ClaRP – Database (*.drp) 

Standard Database:

# Database             : Adhesive Layer Assessment on FE-Structures

# Content              : Critical Lengths of Virtual Cracked Zones

# Program              : ClaRP

# Version              : 21.1

# Material Data        : SikaPower 493

# =====================================

# Source               : ECS - Test MP1 specimen: Zone, EP1_k_s0, Mid_M_a3250_R0

# Last Modification    : Mar 14 2021

Identifier             : SP493

Critical Length        : 2.12044

# Requirements for validity of Critical Length

#   Material Data in FEMFAT Analysis ................ SikaPower493_FEMFAT54_ClaRP211.ffd

#   Last Modification of ffd-File ................... Mar 14 2021

# Material Data        : Betamate 1496V

# =====================================

# Source               : ECS - Test MP1 specimen: Zone, EP2_k_s0, Mid_M_a3250_R0

If your Material is not included, 

choose an available with similar 

properties (before FE Analysis):
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SikaPower 493

Long cohesive crack propagation 

phase for grinded + degreased parts

Betamate 1496V

Small cohesive crack propagation 

phase for grinded + degreased parts



Results
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Results: SikaPower 493     𝑃𝑆 = 50%

May 2021 / ECS, St. Valentin AT / M. Frank

20 critical Zones

with 𝒂𝑽 > 𝟏

Computation time: 14s
Assessment result in the report file (*.rrp):



Results: SikaPower 493     𝑃𝑆 = 50%
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180 Virtual Crack Zones (VCZ) at

133 Adhesives with 𝐷𝑚𝑎𝑥 > 1

1310 Adhesives in BIW

20 critical VCZ with 𝒂𝑽 > 𝟏

VCZ (Region) 

Adhesive 



Detailed Investigation
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Detailed Investigation: SikaPower 493   𝑃𝑆 = 50%
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ClaRP – Visualization: Unit Grid Plot: Geometry Plot:

ClaRP – Output:
HyperView:



Conclusion
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Conclusion
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• The new method for the assessment of adhesives calibrated by test results

− provides with the Degree of Utilization 𝑎𝑉 a further result in addition to Damage 𝐷
− consider nodes with damage maxima and their neighboring nodes

− enables a clear comparison of highly damaged areas

− limits the number of critical cracked zones significantly

• The assessment of adhesives by the new Standalone Tool ClaRP

− is applied to damage results in a post-processing step

− is directly applicable to complex structures

− requires low computational effort

− enables the visualization for detailed investigation

− be executed in Batch Mode and thus automated

− can be used to locate critical adhesive layers for sub-model analyses

− uses an open Universal format for the input of node-based results

− uses an open database, that can be extended

• The focus is now on gaining experience & the improvement of usability
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