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4 Conclusions 

True stress-strain curves were calculated from tensile coupon data using a two-step process. 
Analytical methods were used to calculate the true stress and strain up to the point at which 
necking began from engineering stress-strain data from tensile coupon tests. To calculate the 
necking portion of the true stress-strain curve, an iterative process was implemented in the 
ANSYS® FE code, where the engineering stress-strain curve from the FE model was made to 
match experimental measurements. Both 2D and 3D elements were used to mesh the finite 
element models for computation of the true stress-strain curves using various mesh densities in 
order to determine the effects of both element type and size on true stress-strain curves and true 
strain at fracture. 

For both 2D and 3D FE meshes, the true stress strain curves transitioned from softening to 
hardening behaviour in the necking portion of the curves as mesh densities increased. An 
exponential relationship between element size and true strain at fracture was observed for FE 
models meshed entirely with hexahedral or plane stress elements. These results indicate that a 
series of element size-dependent stress-strain curves should be used in FE models with varying 
element sizes where strains high enough to cause necking are expected. The characteristics of the 
family of true stress-strain curves also depend on the particular element formulation because the 
iterative process used to calculate the necking portion of the true stress-strain curve should result 
in the same strain energy in the tensile coupon FE model as in the tensile coupon test, within a 
predetermined tolerance. This is a corollary of matching the model engineering stress-strain curve 
to the experimental one. A comparison of true stress-strain curves from 3D models of two 
coupons made from the same material, but with different thicknesses showed that the true stress-
strain curves are independent of coupons dimensions. For 2D models however, the true stress-
strain curves varied with test specimen dimensions, reflecting the fact that for the same amount of 
external work done, the strain energy density is lower for specimens with a greater volume within 
the gauge length. For both 2D and 3D models, strain localization was found to occur over a length 
of approximately 6 mm at the mid-length of the tensile coupon model. As the mesh density 
increased, the shape of the necking region was represented with better resolution, but the shape 
and length of the necking region were relatively consistent among different mesh densities.  

Further research is needed in order to determine how true stress-strain curves would be affected 
by using elements with aspect ratios other than unity. Furthermore, the use of true stress-strain 
curves determined using this iterative method in FE models of structures under more complicated 
loading should be investigated. 
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Annex A Engineering Stress-Strain Curves 

A.1 3D Model Engineering Stress-Strain Curves 

 
Figure 24: Engineering stress-strain curve (A1) 

 
Figure 25: Engineering stress-strain curve (A2) 
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Figure 26: Engineering stress-strain curve (A3) 

 
Figure 27: Engineering stress-strain curve (A4) 
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Figure 28: Engineering stress-strain curve (B1) 

 
Figure 29: Engineering stress-strain curve (B2) 
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Figure 30: Engineering stress-strain curve (B3) 

 
Figure 31: Engineering stress-strain curve (B4) 
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A.2 2D Model Engineering Stress-Strain Curves 

 
Figure 32: Engineering stress-strain curve (C1) 

 
Figure 33: Engineering stress-strain curve (C2) 
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Figure 34: Engineering stress-strain curve (C3) 

 
Figure 35: Engineering stress-strain curve (C4) 
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Figure 36: Engineering stress-strain curve (C5) 
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List of symbols/abbreviations/acronyms/initialisms  

Symbols  

A 

A0 

a 

b 

c 

g 

L 

L0 

P 

R 

w 

e 

t 

e 

t 

Instantaneous cross-sectional area of coupon 

Undeformed cross-sectional area of coupon 

Coupon gripping length 

Length of reduced section of coupon 

Coupon width 

Gauge length 

Instantaneous length 

Undeformed length 

Axial load 

Coupon fillet radius 

Width of reduced section of coupon 

Engineering strain 

True strain 

Engineering stress 

True stress 

Abbreviations 

DND Department of National Defence 

DRDC Defence Research & Development Canada 

DRDKIM Director Research and Development Knowledge and Information 
Management 

R&D 

FE 

FEA 

Research & Development 

Finite Element 

Finite Element Analysis 

 
 
 



 
 

DRDC Atlantic TM 2011-283 31 
 

 
 
 

Distribution list  

Document No.:   DRDC Atlantic TM 2011-283 

 

 LIST PART 1: Internal Distribution by Centre 
  

3 DRDC Atlantic Library (2 CDs, 1 hard copy) 
 

3 Author (1 CD, 2 hard copies) 
 

      
6 TOTAL LIST PART 1 (3 CDs, 3 hard copies) 
  
  
  
 LIST PART 2: External Distribution within Canada by DRDKIM 
  

1 NDHQ/DRDKIM 
  

1 Library and Archives Canada 
Attn:  Military Archivist, Government Records Branch 

  
1 Mr. D. Whitehouse 

Martec Limited 
Suite 400, 1888 Brunswick St. 
Halifax, NS  B3J 3J8 

      
3 TOTAL LIST PART 2 (3 CDs) 
  
  
  

 LIST PART 3: External Distribution outside Canada by DRDKIM 
  
1 André Vaders 

Head Vulnerability & Construction 
Defence Material Organisation 
Van der Burchlaan 31 
P.O. Box 90822 MPC 58A 
2509 LV The Hague, The Netherlands 

  
1 J.E. van Aanhold  

TNO Built Environment and Geosciences  
Van Mourik Broekmanweg 6      
2628 XE Delft The Netherlands 

  



 
 

32 DRDC Atlantic TM 2011-283 
 
 
 
 

1 J. M. Luyten 
TNO Defence, Security and Safety    
Lange Kleiweg 137  
2288 GJ Rijswijk 
The Netherlands 

  
1 Niklas Alin 

FOI - Swedish Defence Research Agency  
Grindsjon Research Centre   
SE-147 25 Tumba, Sweden 

      
4 TOTAL LIST PART 3 (4 CDs) 
  
  

13 TOTAL COPIES REQUIRED (10 CDs, 3 hard copies) 

 
 
 
 



 
 

 
 

 

DOCUMENT CONTROL DATA 
(Security classification of title, body of abstract and indexing annotation must be entered when the overall document is classified) 

 1. ORIGINATOR (The name and address of the organization preparing the document. 
Organizations for whom the document was prepared, e.g. Centre sponsoring a  
contractor's report, or tasking agency, are entered in section 8.) 
 
Defence R&D Canada – Atlantic 
9 Grove Street 
P.O. Box 1012 
Dartmouth, Nova Scotia B2Y 3Z7 
  

 2.  SECURITY CLASSIFICATION  
(Overall security classification of the document 
including special warning terms if applicable.) 

 
UNCLASSIFIED 
(NON-CONTROLLED GOODS) 
DMC A 
REVIEW: GCEC JUNE 2010 
 

 3. TITLE (The complete document title as indicated on the title page. Its classification should be indicated by the appropriate abbreviation (S, C or U)  
in parentheses after the title.) 
 
Mesh Dependence of True Stress-Strain Curves in Finite Element Analysis of Steel Structures    

 4. AUTHORS (last name, followed by initials – ranks, titles, etc. not to be used) 
 
Gannon, L.G. 

 5. DATE OF PUBLICATION  
(Month and year of publication of document.) 
 
 
November 2011 

 6a. NO. OF PAGES   
(Total containing information, 
including Annexes, Appendices, 
etc.) 

46 

 6b. NO. OF REFS   
(Total cited in document.) 
 
 

4 
 7. DESCRIPTIVE NOTES (The category of the document, e.g. technical report, technical note or memorandum. If appropriate, enter the type of report, 

e.g. interim, progress, summary, annual or final. Give the inclusive dates when a specific reporting period is covered.) 
 
Technical Memorandum 

 8. SPONSORING ACTIVITY (The name of the department project office or laboratory sponsoring the research and development – include address.) 
 
Defence R&D Canada – Atlantic 
9 Grove Street 
P.O. Box 1012 
Dartmouth, Nova Scotia B2Y 3Z7 
  

 9a. PROJECT OR GRANT NO. (If appropriate, the applicable research 
and development project or grant number under which the document  
was written. Please specify whether project or grant.) 

  
 11GE04 

 9b. CONTRACT NO. (If appropriate, the applicable number under  
which the document was written.) 
 

  
  

 10a. ORIGINATOR'S DOCUMENT NUMBER (The official document 
number by which the document is identified by the originating  
activity. This number must be unique to this document.) 
 
DRDC Atlantic TM 2011-283 

 10b.  OTHER DOCUMENT NO(s). (Any other numbers which may be 
assigned this document either by the originator or by the sponsor.) 
 
 
  

 11. DOCUMENT AVAILABILITY (Any limitations on further dissemination of the document, other than those imposed by security classification.) 
  

Unlimited 

 12. DOCUMENT ANNOUNCEMENT (Any limitation to the bibliographic announcement of this document. This will normally correspond to the 
Document Availability (11). However, where further distribution (beyond the audience specified in (11) is possible, a wider announcement  
audience may be selected.)) 
 
Unlimited    

  



 
 

 
  
 

 
 

 13. ABSTRACT (A brief and factual summary of the document. It may also appear elsewhere in the body of the document itself. It is highly desirable  
that the abstract of classified documents be unclassified. Each paragraph of the abstract shall begin with an indication of the security classification  
of the information in the paragraph (unless the document itself is unclassified) represented as (S), (C), (R), or (U). It is not necessary to include  
here abstracts in both official languages unless the text is bilingual.)  
 

Finite element analysis is used to calculate the true stress-strain relationship of structural steel from 
tensile coupon tests. An iterative process is used to determine the true stress-strain curve after necking 
begins. Finite element models of tensile coupons are created using 2D and 3D elements, and the mesh
density is varied to evaluate the effect of element type and mesh density on strain localization and true
stress-strain curves.  

For both 2D and 3D finite element models, an exponential relationship between element size and true
strain at fracture was observed. The results indicate that for a finite element model meshed with particular
element type with different element sizes, a family of element size-dependent true stress-strain curves is 
necessary to accurately characterize material behaviour once necking begins. 

 
 

 
 
 

14. KEYWORDS, DESCRIPTORS or IDENTIFIERS (Technically meaningful terms or short phrases that characterize a document and could be  
helpful in cataloguing the document. They should be selected so that no security classification is required. Identifiers, such as equipment model 
designation, trade name, military project code name, geographic location may also be included. If possible keywords should be selected from a  
published thesaurus, e.g. Thesaurus of Engineering and Scientific Terms (TEST) and that thesaurus identified. If it is not possible to select  
indexing terms which are Unclassified, the classification of each should be indicated as with the title.) 
 
Finite Element Analysis; True Stress Strain; Failure Criteria  

 

 



 
 

 
 
 
 

This page intentionally left blank. 






