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CEN1 procedure to develop a Eurocode includes three steps:

1) Publication of a Technical & Scientific Report

2) Publication of a Technical Specification (TS)2

3) After a period of trial use and commenting, conversion of TS into Eurocode

I.1. START OF THE ACTIVITY & CEN PROCEDURE

1 European Committee for Standardization

2 Any conflicting national standards may continue to exist before an Eurocode is available
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I.2. STEP 1 – PUBLICATION OF THE SCIENTIFIC & TECHNICAL REPORT

▪ Step 1: 2010 - 2016

▪ Technical & Scientific Report subjected to a Formal Vote: 

approved, with the request to develop in further depth the 

following topics:

- Basis of design (partial factors, conversion factors, creep 

coefficients)

- ULS of sandwich panels

- Creep rupture

- Fatigue

- Detailing

- Adhesive joints

- Fire design
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I.3. STEP 2 – DRAFTING OF THE TECHNICAL SPECIFICATION

▪ Step 2: 2018 - 2022

▪ Appointment of Project Team WG.T2 (07/2018 – 04/2021):

- João Ramôa Correia (IST, ULisboa, Portugal)

- Thomas Keller (EPFL, Switzerland)

- Jan Knippers (University of Stuttgart, Germany)

- Toby Mottram (University of Warwick, UK)

- Carlo Paulotto (Acciona/Ferrovial, Spain)

- Till Vallée (Fraunhofer Institute, Germany, until 11/2019)

- José Sena-Cruz (University of Minho, Portugal, since 09/2020)

Close collaboration with Working Group WG4 of CEN TC250

Convenor: Luigi Ascione (University of Salerno, Italy)
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I.3. STEP 2 – DRAFTING OF THE TECHNICAL SPECIFICATION

▪ Step 2: 2018 - 2022

▪ Project Team WG.T2 - roadmap:

1) Develop Technical Specification (TS), as per CEN’s mandate, by:

- adopting CEN’s policy guidelines and procedures (formatting, verbal forms, etc.)

- taking into account/replying to NSB comments not incorporated in previous stage

- revising aspects identified to require major improvements

2) Develop Background Document (BD) alongside the TS, by:

- Adding further information whenever applicable/needed 

- Introducing and adequately citing all necessary references that allow tracing the options and sources of the 

content of the TS, highlighting research needs

3) Develop collection of Worked Examples (WE), for typical design cases

Drafting Team + Review Panel (WG4, other experts) for all documents
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I.3. STEP 2 – DRAFTING OF THE TECHNICAL SPECIFICATION

▪ Step 2: 2018 - 2022

▪ Methodology:

13 joint WG4/PT plenary meetings (6 face-to-face, 7 web after 02/2020)

Numerous meetings of smaller work teams (PT/WG4 members)

Interactions with other SCs and WGs of CEN:

- Sub-Committee SC10 (EN 1990), Prof. John Dalsgaard Sørensen

- Horizontal Group (HG) Fire, Prof. Paulo Vila Real

- Ad-Hoc Horizontal Group (AHG) Fatigue, Prof. Johan Maljaars

I. HISTORICAL DEVELOPMENT 

OF CEN/TS 19101

II. STRUCTURE AND 

CONTENT OF CEN/TS 19101

III. BACKGROUND 

DOCUMENT

IV. WORKED 

EXAMPLES

V. CONCLUDING 

REMARKS



11

I.3. STEP 2 – DRAFTING OF THE TECHNICAL SPECIFICATION

▪ Step 2: 2018 - 2022

▪ Milestones:

- First draft: 31/1/2020 (125 comments from NSB/reviewers)

- Second draft: 30/4/2020 (123 comments)

- Third draft: 30/10/2020 (155 comments)

- Final draft: 30/4/2021 (75 comments)

- Consensus of WG4 to proceed to ballot process: 13/7/2021

- Reviewing (2) by TC250 Technical Reviewer (Mariapia Angelino): 22/9/2021 

- Revised final draft submitted to TC250: 7/10/2021

- Ballot: 13/11/2021 – decision to proceed to Formal Vote (18y/0n/2a) 

- Formal Vote: 22/7/2022 – approved by unanimity (23y/0n)

- Publication of TS: 10/2022 (~1 year ahead of swim lane)

- Publication of BD and WE: 2021 (draft) and 2025 (final)

4 Informal NSB inquiries

478 comments 

I. HISTORICAL DEVELOPMENT 

OF CEN/TS 19101

II. STRUCTURE AND 

CONTENT OF CEN/TS 19101

III. BACKGROUND 

DOCUMENT

IV. WORKED 

EXAMPLES

V. CONCLUDING 

REMARKS



12

II. STRUCTURE AND CONTENT OF 

CEN/TS 19101:2022
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▪ Type and sequence of main clauses according to 

common structure of new generation of Eurocodes

▪ 12 Clauses + 5 Annexes

▪ 238 pages
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1 Scope

2 Normative references

3 Terms, definitions and symbols

4 Basis of design

5 Materials

6 Durability

7 Structural analysis

8 Ultimate limit states

9 Serviceability limit states

10 Fatigue

11 Detailing

12 Connections and joints

A Creep coefficients (informative)

B Indicative values of material properties for preliminary design (informative)

C Buckling of orthotropic laminates and profiles (normative)

D Structural fire design (normative)

E Bridge details (informative)
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1. SCOPE

TS applicable to:

Buildings, bridges, other civil engineering structures

Permanent, temporary structures

All-composite structures, hybrid-composite structures

Laminates, profiles, sandwich panels

Joints: Bolted, bonded

Constituent materials:

- Glass, carbon, basalt, aramid fibres

- Thermoset resins and adhesives

- Polymeric foam, balsa wood cores

4. BASIS 
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1. SCOPE 5. MATERIALS 6. DURABILITY 7. STRUCTURAL 

ANALYSIS

8. ULS 9. SLS 10. FATIGUE 11. DETAILING D. STRUCTURAL 
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12. CONNECTIONS 

AND JOINTS

* * *
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1. SCOPE

TS does not cover:

Cables, concrete rebars and strengthening systems1

Special types of works (e.g. tanks, containers, pressure vessels)

Honeycomb cores

Thermoplastic resins

Material temperature in service conditions, Ts:

  -40°C < Ts < Tg
2 - 20°C

  Tg  60°C (recommendation)

1 Addressed in respectively Annexes R and J of new EN 1992-1-1 (Eurocode 2)

2 Tg is specified as the onset value of the storage modulus decay, obtained from dynamic mechanical analysis (DMA), 

and should be at least 60°C (as for ASTM D7028)
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4. BASIS OF DESIGN

Resistance format follows philosophy and partial factor format of EN 1990: 

- Semi-probabilistic equation, including partial factors and characteristic values of parameters of design, 

assures that design complies with target reliability index ()

- Design value of load effects (Ed) compared with design value of resistance (Rd) 

E, REk

x

Rk

fE (x) , fR (x)

m E m R

fE (x) fR (x)

 
Funções densidade de probabilidade de 𝑅 (resistência) e 𝐸 (efeito da ação) 

 

Design loads: Ed Design resistances: Rd

𝑬d ≤ 𝑹d 

GENERAL FORMAT
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 d c, Ed

1
; ;

m

R R X a F
 

=  


k, d

Rd

i i

4. BASIS OF DESIGN

- Rd - partial factor accounting for uncertainty in resistance model, and geometrical deviations

(where possible, derived from statistical/reliability analyses)

- m - partial factor for a representative material or product property

(determined from the variability [CoV] of that representative material property)

- R{…} - output of resistance model 

(“pure” mechanical models, typically without resorting to calibration processes)

- Xk,i - characteristic values of material properties (defined as 5% fractiles)

(determined by testing as per appropriate test standard/statistical methods)

- c,i - conversion factors (effects of temperature, moisture, ageing of materials)

(defined based on a large-scale review of experimental data)

- i – ith material or product property 

MOST ULS VERIFICATIONS OF 

COMPONENTS/MEMBERS & 

BOLTED CONNECTIONSDesign value of 

resistance (RFA)
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4. BASIS OF DESIGN – DEFINITION OF PARTIAL FACTOR m 

- Material properties determined from standard tests on coupons extracted from laminated product

- For a given material property, deviation can differ among different producers 

(different constituent materials, fibre content, layup, manufacturing process)

- m defined based on CoV of experimental data, Vx (EN 1990) 

(from test results of specific producer that supplies material; may be defined from quality control records)
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the design value of a random variable). Furthermore, the reliability index b for different failure 

modes would be inconsistent if such a format was used because different resistance models 

include a different number of material properties. Therefore, the TS includes a single 

representative partial factor gm, which is determined from the variability of a representative 

material property. The representative material property for each failure mode was determined 

based on mechanical considerations and reliability concepts, and may be regarded as the 

material property whose uncertainty is the most relevant for the reliability index b of that failure 

mode. The representative material property is specifically stated in the subclause that refers to 

each failure mode. The same applies for the conversion factor hc,i.  

Eq. (3) defines the design value of resistance through the resistance factor approach presented 

in EN 1990 [2] due to practicability. Due to the several possible combinations of gR and gm (or 

gm,i), alternatives to this format were regarded as unnecessarily confusing and error-prone. Also, 

placing gm outside the brackets of Eq. (3) instead of including it as a factor that reduces the 

characteristic value of the (representative) material property to a design value - as in Eq (1), has 

a conceptual advantage, since gm is accounting for the “overall effect of material uncertainty”, 

instead of accounting for the effect of the uncertainty of a single material property. 

Partial factor gm for a given material property can differ among different producers due to 

differences in constituent materials, fibre reinforcement content, lay-up, and composite 

manufacturing process. Therefore, the TS defines gm based on test results of the specific 

producer that sources the material (of fibre-polymer composites, core materials or adhesives). 

The partial factor gm may be defined from quality control records, based on the coefficient of 

variation of experimental data, see Table 1. This table assumes that statistical uncertainty does 

not influence the coefficient of variation of the material property (Vx), or that a conservative 

upper bound for Vx is considered, based on the test records of the same producer or on other 

information based on testing. Whenever this is not the case, gm also depends on the number of 

test records. Guidance for the determination of gm is provided in Subclause 4.4.5, which is fully 

conforming with EN 1990, Annex D [2]. Therefore, the influence of the different combinations 

of materials and production processes or quality control on material uncertainty is directly 

accounted for in each specific design case. 

Table 1: Material partial factor gm as a function of Vx (when Vx is known). 

Vx 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45 

gm 1,07 1,15 1,23 1,32 1,41 1,51 1,61 1,71 1,82 

The determination of the material properties of fibre-polymer composites is usually made from 

a representative data set of coupons extracted from the laminated product. However, in the 

cases defined in Clause 5 of the TS (such as very thick laminates), laboratory testing may not be 

practical. Therefore, the TS allows that sub-laminate or ply-level specimens be tested, as long as 

such specimens are manufactured with the same constituent materials and using the same 

composite processing method as those of the thicker laminates the specimens seek to 

represent. In that case, the properties of the full-scale laminate are estimated from sub-laminate 

or ply data according to the Classical Laminate Theory (CLT) and an appropriate failure criterion 

in the case of strength. 
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the design value of a random variable). Furthermore, the reliability index b for different failure 

modes would be inconsistent if such a format was used because different resistance models 

include a different number of material properties. Therefore, the TS includes a single 

representative partial factor gm, which is determined from the variability of a representative 

material property. The representative material property for each failure mode was determined 

based on mechanical considerations and reliability concepts, and may be regarded as the 

material property whose uncertainty is the most relevant for the reliability index b of that failure 

mode. The representative material property is specifically stated in the subclause that refers to 

each failure mode. The same applies for the conversion factor hc,i.  

Eq. (3) defines the design value of resistance through the resistance factor approach presented 

in EN 1990 [2] due to practicability. Due to the several possible combinations of gR and gm (or 

gm,i), alternatives to this format were regarded as unnecessarily confusing and error-prone. Also, 

placing gm outside the brackets of Eq. (3) instead of including it as a factor that reduces the 

characteristic value of the (representative) material property to a design value - as in Eq (1), has 

a conceptual advantage, since gm is accounting for the “overall effect of material uncertainty”, 

instead of accounting for the effect of the uncertainty of a single material property. 

Partial factor gm for a given material property can differ among different producers due to 

differences in constituent materials, fibre reinforcement content, lay-up, and composite 

manufacturing process. Therefore, the TS defines gm based on test results of the specific 

producer that sources the material (of fibre-polymer composites, core materials or adhesives). 

The partial factor gm may be defined from quality control records, based on the coefficient of 

variation of experimental data, see Table 1. This table assumes that statistical uncertainty does 

not influence the coefficient of variation of the material property (Vx), or that a conservative 

upper bound for Vx is considered, based on the test records of the same producer or on other 

information based on testing. Whenever this is not the case, gm also depends on the number of 

test records. Guidance for the determination of gm is provided in Subclause 4.4.5, which is fully 

conforming with EN 1990, Annex D [2]. Therefore, the influence of the different combinations 

of materials and production processes or quality control on material uncertainty is directly 

accounted for in each specific design case. 

Table 1: Material partial factor gm as a function of Vx (when Vx is known). 

Vx 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45 

gm 1,07 1,15 1,23 1,32 1,41 1,51 1,61 1,71 1,82 

The determination of the material properties of fibre-polymer composites is usually made from 

a representative data set of coupons extracted from the laminated product. However, in the 

cases defined in Clause 5 of the TS (such as very thick laminates), laboratory testing may not be 

practical. Therefore, the TS allows that sub-laminate or ply-level specimens be tested, as long as 

such specimens are manufactured with the same constituent materials and using the same 

composite processing method as those of the thicker laminates the specimens seek to 

represent. In that case, the properties of the full-scale laminate are estimated from sub-laminate 

or ply data according to the Classical Laminate Theory (CLT) and an appropriate failure criterion 

in the case of strength. 

For each design case, actual material uncertainty is directly accounted for (influence of 

different combinations of (i) materials, (ii) production processes or (iii) quality control) – in 

composites, uncertainty is not bound to a specific range!
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4. BASIS OF DESIGN

- M - single partial factor [within resistance model] accounting for uncertainty in resistance model, 

unfavourable deviations of relevant material or product properties from their characteristic values and 

random part of conversion factor, and geometrical deviations, if these are not modelled explicitly

Rationale

- Insufficient knowledge and test data

- Not possible to determine separate partial factors for resistance model (Rd) and 

material uncertainty (m)

CREEP RUPTURE, FATIGUE, 

ADHESIVE CONNECTIONS AND FIRE

Design value of 

resistance (MFA)
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The conversion of the material properties determined from sub-laminate or ply specimens to those 

at the laminate level introduces uncertainty in design, whose quantification has been neglected by 

research so far. This uncertainty is caused by: (i) the epistemic uncertainty of the analytical methods 

(e.g. the CLT) and of the failure criterion used; (ii) size effects, including those related to thickness 

(e.g. [6,7]); (iii) imperfections. This means that partial factor gm (which was calibrated for the material 

properties at the laminate level) needs to be complemented with an additional sub-laminate 

correction factor, which was defined as 1,2 in the case of strength properties – this value was defined 

based on guidance available in the EUROCOMP [8] and engineering judgment. For elastic properties, 

the TS does not stipulate any correction factor since: (i) the estimates of the elastic moduli of 

laminates from analytical methods are more accurate than their estimates of strength properties 

[9,10]; (ii) stiffness properties are not so much influenced by localized effects and imperfections, 

therefore they are less sensitive to size effects than strength properties. 

3.2. ULS design of creep rupture, adhesive connections and fire design 

For ULS design of creep rupture (Subclause 8.5), fatigue (Clause 10), adhesive connections (Subclause 

12.4) and fire (Annex D), the design value of resistance, Rd, should be calculated from Eq. (4): 

 (4) 

where gM is the single partial material factor accounting for the uncertainty in the resistance 

model, unfavourable deviations of the relevant material or product properties from their 

characteristic values and the random part of the conversion factor, and geometrical deviations, 

if these are not modelled explicitly. 

This resistance format follows the material factor approach [2], in which a single partial factor, 

gM, reduces a material property. Due to insufficient knowledge and test result data concerning 

creep rupture, fatigue, adhesive connections and fire resistance behaviour, separate partial 

factors for resistance (gRd) and for material uncertainty (gm) could not be determined. Future and 

necessary research is needed in this respect. 

4. Summary of partial factors 

4.1. ULS design of composite components and members, bolted connections and joints 

The partial factor for the resistance model, gRd, for (i) profiles and laminates, (ii) sandwich panels 

and (iii) bolted connections and joints are given, respectively in Tables 2, 3 and 4. These factors 

were defined based on: (i) preliminary values of gRd using the design value method of EN 1990, 

Annex C [2], including assumptions; (ii) reliability analyses to validate the preliminary gRd; (iii) if 

deemed justifiable, replacing the preliminary gRd by calibrated gRd through reliability analyses; 

(iv) proposal of partial factors for design by rounding the values of each gRd to the nearest 0,05. 

Table 2: Values of gRd for profiles and laminates. 

Material failure 
Global buckling 

Local buckling 
Flexural Lateral-torsional Flexural-torsional 

1,40 1,30 1,30 1,55 1,30 
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4. BASIS OF DESIGN – DEFINITION OF PARTIAL FACTOR Rd 

Survey of test data from the literature1:

1. Preliminary values of Rd defined from design value method, EN 1990 (Annex C) 

Survey of structural test results published to assess resistance to each failure mode

2. Reliability analyses to validate/calibrate the preliminary values of Rd

Different cases of design, representative of civil engineering applications

3. Proposal of partial factors for design by rounding Rd values to nearest 0,05

1 Strict requirements to include results in database: (i) completeness of relevant mechanical properties, (ii) obtained from 

standardized test procedures; (iii) “clear” failure modes; (iv) peer-reviewed publications
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4. BASIS OF DESIGN – DEFINITION OF PARTIAL FACTOR Rd 
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The conversion of the material properties determined from sub-laminate or ply specimens to those 

at the laminate level introduces uncertainty in design, whose quantification has been neglected by 
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(e.g. the CLT) and of the failure criterion used; (ii) size effects, including those related to thickness 

(e.g. [6,7]); (iii) imperfections. This means that partial factor gm (which was calibrated for the material 

properties at the laminate level) needs to be complemented with an additional sub-laminate 

correction factor, which was defined as 1,2 in the case of strength properties – this value was defined 

based on guidance available in the EUROCOMP [8] and engineering judgment. For elastic properties, 

the TS does not stipulate any correction factor since: (i) the estimates of the elastic moduli of 

laminates from analytical methods are more accurate than their estimates of strength properties 

[9,10]; (ii) stiffness properties are not so much influenced by localized effects and imperfections, 

therefore they are less sensitive to size effects than strength properties. 

3.2. ULS design of creep rupture, adhesive connections and fire design 

For ULS design of creep rupture (Subclause 8.5), fatigue (Clause 10), adhesive connections (Subclause 

12.4) and fire (Annex D), the design value of resistance, Rd, should be calculated from Eq. (4): 

 (4) 

where gM is the single partial material factor accounting for the uncertainty in the resistance 

model, unfavourable deviations of the relevant material or product properties from their 

characteristic values and the random part of the conversion factor, and geometrical deviations, 

if these are not modelled explicitly. 

This resistance format follows the material factor approach [2], in which a single partial factor, 

gM, reduces a material property. Due to insufficient knowledge and test result data concerning 

creep rupture, fatigue, adhesive connections and fire resistance behaviour, separate partial 

factors for resistance (gRd) and for material uncertainty (gm) could not be determined. Future and 

necessary research is needed in this respect. 

4. Summary of partial factors 

4.1. ULS design of composite components and members, bolted connections and joints 

The partial factor for the resistance model, gRd, for (i) profiles and laminates, (ii) sandwich panels 

and (iii) bolted connections and joints are given, respectively in Tables 2, 3 and 4. These factors 

were defined based on: (i) preliminary values of gRd using the design value method of EN 1990, 

Annex C [2], including assumptions; (ii) reliability analyses to validate the preliminary gRd; (iii) if 

deemed justifiable, replacing the preliminary gRd by calibrated gRd through reliability analyses; 

(iv) proposal of partial factors for design by rounding the values of each gRd to the nearest 0,05. 

Table 2: Values of gRd for profiles and laminates. 

Material failure 
Global buckling 

Local buckling 
Flexural Lateral-torsional Flexural-torsional 
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4. BASIS OF DESIGN – DEFINITION OF PARTIAL FACTOR Rd 
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The conversion of the material properties determined from sub-laminate or ply specimens to those 

at the laminate level introduces uncertainty in design, whose quantification has been neglected by 

research so far. This uncertainty is caused by: (i) the epistemic uncertainty of the analytical methods 

(e.g. the CLT) and of the failure criterion used; (ii) size effects, including those related to thickness 

(e.g. [6,7]); (iii) imperfections. This means that partial factor gm (which was calibrated for the material 

properties at the laminate level) needs to be complemented with an additional sub-laminate 

correction factor, which was defined as 1,2 in the case of strength properties – this value was defined 

based on guidance available in the EUROCOMP [8] and engineering judgment. For elastic properties, 

the TS does not stipulate any correction factor since: (i) the estimates of the elastic moduli of 

laminates from analytical methods are more accurate than their estimates of strength properties 

[9,10]; (ii) stiffness properties are not so much influenced by localized effects and imperfections, 

therefore they are less sensitive to size effects than strength properties. 

3.2. ULS design of creep rupture, adhesive connections and fire design 

For ULS design of creep rupture (Subclause 8.5), fatigue (Clause 10), adhesive connections (Subclause 

12.4) and fire (Annex D), the design value of resistance, Rd, should be calculated from Eq. (4): 

 (4) 

where gM is the single partial material factor accounting for the uncertainty in the resistance 

model, unfavourable deviations of the relevant material or product properties from their 

characteristic values and the random part of the conversion factor, and geometrical deviations, 

if these are not modelled explicitly. 

This resistance format follows the material factor approach [2], in which a single partial factor, 

gM, reduces a material property. Due to insufficient knowledge and test result data concerning 

creep rupture, fatigue, adhesive connections and fire resistance behaviour, separate partial 

factors for resistance (gRd) and for material uncertainty (gm) could not be determined. Future and 

necessary research is needed in this respect. 

4. Summary of partial factors 

4.1. ULS design of composite components and members, bolted connections and joints 

The partial factor for the resistance model, gRd, for (i) profiles and laminates, (ii) sandwich panels 

and (iii) bolted connections and joints are given, respectively in Tables 2, 3 and 4. These factors 

were defined based on: (i) preliminary values of gRd using the design value method of EN 1990, 

Annex C [2], including assumptions; (ii) reliability analyses to validate the preliminary gRd; (iii) if 

deemed justifiable, replacing the preliminary gRd by calibrated gRd through reliability analyses; 

(iv) proposal of partial factors for design by rounding the values of each gRd to the nearest 0,05. 

Table 2: Values of gRd for profiles and laminates. 

Material failure 
Global buckling 

Local buckling 
Flexural Lateral-torsional Flexural-torsional 

1,40 1,30 1,30 1,55 1,30 

h
g

ì ü
= × åí ý

î þ
; ;k,

d c, d Ed

M

i

i

X
R R a F

Composites Meet Sustainability – Proceedings of the 20th European Conference on Composite Materials, 
ECCM20. 26-30 June, 2022, Lausanne, Switzerland 

6 / 8 ©2022 1st Author et al. https://doi.org/ 10.5075/978-X-XXX-XXXXX-X published under CC BY-NC 4.0 license 

 

Table 3: Values of gRd for sandwich panels. 

Composite 
material 
failure 

Core 
material 
failure 

Global 
buckling 

Local 
buckling 

Face 
sheet/web 
wrinkling 

Core 
indentation 

Core 
punching 
failure 

1,40 1,50 1,40 1,30 1,50 1,50 1,50 

Table 4: Values of gRd for bolted connections. 

Net-tension 
failure 

Pin-bearing 
failure 

Shear-out 
failure 

Block-shear 
failure 

Pull-out  
failure 

1,50 1,50 1,50 1,50 1,50 

This task included a survey of structural test results to assess the resistance to each failure mode. 

Databases were assembled with all publications found in which all relevant test parameters 

were stated and the requirements of standards were complied with. Then, model uncertainties 

[11] were used to assess the suitability of the resistance models and preliminary values of gRd 

were proposed. The preliminary gRd was estimated based on: (i) the statistics of the model 

uncertainty; (ii) the target reliability index b defined in Annex C of EN 1990 [2] for typical cases 

of ULS design; (iii) assumptions of EN 1990 [2] concerning the importance of random variables 

on structural safety. In the case of global buckling, these assumptions were checked through 

reliability analyses, which also evaluated whether the reliability b values that resulted from 

design using the resistance models and partial factors proposed in the TS were close to the target 

reliability index b. When this was not the case, the preliminary gRd was replaced with a calibrated 

one. Fig. 1 shows the closeness of the prediction of the resistance model for flexural buckling to 

the experimental data (each type of marker corresponds to a different publication – this specific 

database includes 165 test results from nine publications), while Fig. 2 shows bs for lateral-

torsional buckling design before partial factor calibration, which was deemed necessary; the 

target reliability index of 3.8 is given by the black dashed line. Both failure modes concern global 

buckling phenomena of thin-walled fibre-polymer composite for either column or beam members.  

  
Figure 1. Assessment of model uncertainties 
from a database several publications (flexural 
buckling) [12]. 

Figure 2. Reliability index b before partial 
factor calibration for 8 cases of design and six 
ratios of variable to total loading (lateral-
torsional buckling) [5]. 
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4. BASIS OF DESIGN – DEFINITION OF PARTIAL FACTOR M 

Design M Rationale/source

Creep rupture 1.5 Partial factors for material failure

Fatigue 1.5 to 3.01 Eurocomp, plausibility checks

Adhesive connections 1.5 to 2.52 Eurocomp

Fire 1.0 Fire parts of other Eurocodes

1 Depending on: (i) consequences of fatigue failure; (ii) ease of inspection and repair of fatigue sensitive components

2 Depending on: (i) type of inspection and maintenance and accessibility of adhesive connection; (ii) application conditions

Limited test data available (future validation required)
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4. BASIS OF DESIGN – DEFINITION OF CONVERSION FACTOR c 

  = c ct cm Conversion factors for temperature (ct) and moisture (cm) 

(values derived from experimental results1)

Changes of properties due to material temperatures in service 

conditions (-40°C ≤ Ts ≤ Tg - 20°C) relative to properties at 20°C, 

excluding effects of long-term exposure2

1 2 Criteria: (i) Conservative estimates for most test results (> ~90%)   

     (ii) Maximum relative differences for overestimated test data (< ~15%)

2 Long-term exposure to elevated temperatures below Tg usually contributes to increase mechanical properties of 

polymeric materials due to post-curing effects 

Changes of material properties due to moisture absorption over 

time, including ageing effects resulting from long-term exposure

Temperature, 

ct

Moisture

cm
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4. BASIS OF DESIGN – DEFINITION OF CONVERSION FACTOR ct 

Survey of test data from the literature – criteria:

1. Reference material properties at ambient temperature (~20 ºC) determined from experimental tests 

(standard methods)

2. Tg of FRP material stated, determined by DMA tests (ISO 6721-11), and defined based on the onset 

value of the storage modulus curve1 

3. No change in failure modes at elevated temperature, compared to those observed in tests performed 

at ambient temperature

1 As it provides a direct relation with the reduction in mechanical properties (in a limited number of cases, some assumptions 

had to be made in this respect).

Temperature
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4. BASIS OF DESIGN – DEFINITION OF CONVERSION FACTOR ct 

22 studies published in the literature, 251 test results (average values, ~1000 tests)

Fibre reinforcement: glass, carbon, basalt

Polymer-matrix: polyester, vinylester, epoxy

Shape: profiles (I, C, tubular), flat plates, bars

Manufacturing: pultrusion, hand layup, vacuum infusion

Tg: 38 to 157 (ºC)

Test temperature: -40 to +700 (ºC)

Loading: tension, compression (coupon and full-section), in-plane shear 

(off-axis tension and Iosipescu) and interlaminar shear

Properties: longitudinal tensile strength, tensile modulus, 

compressive strength, compressive modulus, in-plane shear strength, 

in-plane shear modulus, interlaminar shear strength (fibre/matrix dominated)

Tensile tests at elevated 

temperature
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4. BASIS OF DESIGN – DEFINITION OF CONVERSION FACTOR ct 

Reduction of matrix-dominated properties much higher than fibre-dominated

High scatter in reduction with temperature of both fibre- and matrix-dominated properties 

(likely due to differences in Tg of materials tested)

ASCE (2010), BUeV (2014), CUR96 (2019): in general, not accurate, often over-conservative, 

but sometimes non-conservative

Longitudinal tensile strength Longitudinal tensile modulus Compressive/shear strengths
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4. BASIS OF DESIGN – DEFINITION OF CONVERSION FACTOR ct 

s
ct
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Matrix-dominated propertiesFibre-dominated properties

Tensile strength L Tensile modulus L Compressive/shear strengths

Suitability of proposed design-oriented temperature conversion factor (Ts, Tg)

Predictions obtained for both fibre- and matrix-dominated properties are (i) relatively precise and, at 

the same time, (ii) reasonably conservative

Normalized 

temperature
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4. BASIS OF DESIGN – DEFINITION OF CONVERSION FACTOR cm 

Exposure classes Influence of moisture

I Indoor exposure

II

Outdoors exposure without (i) continuous exposure to water, 

(ii) permanent immersion in water, (iii) permanent exposure 

to a relative humidity higher than 80%, (iv) combined UV 

radiation and frequent freeze-thaw cycles

III

Continuous exposure to water (or seawater), or permanent 

immersion in water (or seawater), or permanent exposure to 

a relative humidity higher than 80% (material temperature 

up to 25 °C)

Three moisture exposure classes are defined according to the intensity and frequency of moisture exposure

Moisture
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4. BASIS OF DESIGN – DEFINITION OF CONVERSION FACTOR cm 

Experimental durability studies (10) on GFRP materials under natural weathering (moisture, temperature 

variations, UV radiation), properties from standard tests:

- Fibre reinforcements: glass

- Resins: unsaturated polyester (UP), vinylester (VE)

- Manufacturing processes: pultrusion, vacuum infusion, hand layup

- Fibre volume content: 33% to 60%

- Exposure environments: Alpine (Switzerland) , Humid continental (Maine, USA), Mediterranean (Lisbon), 

Semi-continental (Milan), Temperature oceanic (Rotterdam), Temperate (Kyoto), Indoor (relatively high RH, 23ºC)

- Exposure durations: up to 20 years

- Properties: tensile, flexural, shear, interlaminar shear

- Total number of data points: 211 (each is an average value, ~800 tests)

Class II - outdoor exposure
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4. BASIS OF DESIGN – DEFINITION OF CONVERSION FACTOR cm 

Class II - outdoor exposure

Lisbon shopping centre roof

(Mediterranean climate)

The Pontresina Bridge 

(Switzerland, Alpine climate)
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4. BASIS OF DESIGN – DEFINITION OF CONVERSION FACTOR cm 

Lowest (individual) property retention ~60-65% (but retention up to ~140%)

No clear property reduction trend with time of exposure

No clear influence of type of resin (UP vs. VE)

Stiffness/strength retention (UP and VE resins) vs. exposure period for 

natural (outdoor) weathering, sorted by type of climate

Proposal for 50-year 

conversion factor 

cm = 0.85

Class II - outdoor exposure
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4. BASIS OF DESIGN – DEFINITION OF CONVERSION FACTOR cm 

Parameter Experimental data

No. of studies 17

Resins unsaturated polyester, vinylester

Fibre reinforcement glass-fibre (E-glass)

Manufacturing 

processes

pultrusion, vacuum infusion, hand 

layup

Fibre content (Vf) 32 to 60%

Exposure duration up to ~5000 days (~14 years)

Environments
water, seawater and saline solution 

at temperatures between 20-25 °C

Properties

tensile, flexural and in-plane shear 

strength and moduli; interlaminar 

shear strength

Total data points 515

Class III – immersion in water

Water immersion of GFRP laminates 

made of polyester and vinylester resins
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4. BASIS OF DESIGN – DEFINITION OF CONVERSION FACTOR cm 

Very high scatter

Some reductions quite significant (generally, very thin laminates)

Conversion factors suggested in existing design guidelines may be nonconservative

Class III – immersion in water

Proposal for 50-year 

conversion factor 

cm = 0.60

1 Different values may be used (i) based on tests (well-stablished protocols/methods) or (ii) with protective systems 

(effectiveness over design service life has to be guaranteed)
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Considered in design for: (i) strength (creep rupture, ULS), limiting stress levels; and (ii) deformations (SLS), 

through a creep coefficient, (t) (large survey of test data)

4. BASIS OF DESIGN – CREEP EFFECTS

Further values also provided for composite laminates/plies and core materials

Values for additional periods in Annex A

m
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4. BASIS OF DESIGN – CREEP EFFECTS

m
m

(0)
( )

1 ( )

X
X t

t
=

+

Creep coefficients for pultruded GFRP profiles for Ex
full (left) and Gxy

full (right)

Considered in design for: (i) strength (creep rupture, ULS), limiting stress levels; and (ii) deformations (SLS), 

through a creep coefficient, (t) (large survey of test data)

4. BASIS 

OF DESIGN

1. SCOPE 5. MATERIALS 6. DURABILITY 7. STRUCTURAL 

ANALYSIS

8. ULS 9. SLS 10. FATIGUE 11. DETAILING D. STRUCTURAL 

FIRE DESIGN

12. CONNECTIONS 

AND JOINTS



38

CEN/TS 19101:2022 (E) 

 

64 

Table 5.1 — Laminate material properties 

Property Symbol Standard test method 

In-plane tensile modulus (in x and y direction) x,tE , y,tE  EN ISO 527 

In-plane tensile strength (in x and y direction) x,tf , y,tf  EN ISO 527 

Out-of-plane tensile strength (in z direction) z,tf  ASTM D7291/D7291M 

In-plane compressive modulus (in x and y direction) x,cE , y,cE  EN ISO 14126 

In-plane compressive strength (in x and y direction) x,cf , y,cf  EN ISO 14126 

In-plane shear modulus (xy plane) xyG  
ASTM D7078/D7078M 

ASTM D5379/D5379M 

In-plane shear strength (xy plane) xy,vf  
ASTM D7078/D7078M 

ASTM D5379/D5379M 

In-plane major and minor Poisson’s ratio (xy plane) xyν , yxν  EN ISO 527 

Flexural strength (in x and y direction) x,ff , y,ff  EN ISO 14125 

Interlaminar shear strength (yz and xz planes) 
yz,ILSf , 

xz,ILSf  
EN ISO 14130 

Density ν  EN ISO 1183-1 

Glass transition temperature a gT  ISO 6721-11 

Coefficient of linear thermal expansion (in x and y direction) xν , yν  ISO 11359-2 

Thermal conductivity b ν  
EN ISO 22007-2 

EN ISO 22007-4 

NOTE 1: See Figure 3.2 for xyz  axes. 

NOTE 2: For shear, the 1st and 2nd indices are the in-plane directions normal and parallel to the stress direction. 

a The glass transition temperature is determined according to 5.1(1) and as illustrated in Figure 5.1. 

b Thermal conductivity is used to assess material thermal insulation capability, and for structural fire design 
purposes. 

 

5.3 Core materials 

(1) Core material properties used for the analysis and design of composite sandwich panels should be 
characterized as per standard test methods referred in Table 5.2. 

(2) The density of core materials should be at least 40 kg/m3. 

(3) Size-effect induced differences between coupon-based and full-scale properties shall be taken into 
account in design calculations. 

5. MATERIALS

Composite, core and adhesive material properties should be determined from testing according to 

standard methods

Tg > 60 ºC (DMA)

Annex B provides indicative properties for preliminary design
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6. DURABILITY

Potential effects, design options/recommendations and mitigation measures for different environmental 

conditions, acting in isolation or in combination: 

- Temperature

- Moisture (humidity, water) 

- Chemicals 

- Ultraviolet (UV) radiation

Water immersion Acid exposure 

(water treatment plant)

QUV exposure 

(fibre blooming)
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7. STRUCTURAL ANALYSIS

Examples of points highlighted: 

- Orthotropic material properties

- Typical linear elastic behaviour

- Relevance of shear deformation

- Influence of temperature and moisture on material properties

- Viscoelasticity

- Possible non-linear behaviour of joints

- Composite action in hybrid-composite structures

- Second-order effects

- Imperfections

M- curves for beam-to-column 

joints with metallic cleats
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8. ULTIMATE LIMIT STATES

Verifications for typical failure modes:

- Laminates (balanced symmetrical)

 in-plane (axial, shear, bending), out-of-plane (tensile, bending), interlaminar shear and 

combined stresses

- Profiles

 axial force, bending, shear, transverse compression, torsion, combination of axial force 

and bending, and bending and shear

- Sandwich panels

 20 failure modes of components (face sheet, core, web), interface and entire panel 

(e.g. laminate wrinkling, core indentation, core punching)

 failure at face sheet-core interface shall not occur
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8. ULTIMATE LIMIT STATES







=

t,k c

t,creep,Rd t,creep

M,creep

X
k

Design value of tensile1 stress limit for creep rupture:

 =M,creep 1,5

Table 8.3 — Strength reduction factor for tensile creep rupture for continuous unidirectional 
reinforcement, kt,creep , for different types of fibres, for a period of 50 years 

Type of fibre Glass Aramid Basalt Carbon 

t,creepk  0,4 0,5 0,6 0,9 

 

Creep rupture – limits to sustained stresses (quasi-permanent combinations)

1 For compression, kc,creep = 0,75 kt,creep
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9. SERVICEABILITY LIMIT STATES

Verifications for:

- Deflections

 relevance of creep, shear deformations 

(most often govern design of composite structures)

- Vibrations

 relevance for footbridges 

(damping ratios suggested)

- Matrix cracking

 possible relevance for in-service performance under exposure classes II and III

(structures exposed to moisture)
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10. FATIGUE

characteristic value of fatigue resistance of the member or joint, obtained from member 

or joint testing, at constant amplitude (the Palmgren-Miner linear damage hypothesis is 

not considered applicable for composites)

Fatigue verification (including testing), conducted at structural member / joint level

 Fatigue verification criterion: 

Fatigue action model for traffic loads should be derived from the project specification and EN 1991-2 

and take into account the mean stress level

 Fatigue verification: 

( )   − d Ff fat d/ 1,6 0,18 lgE Q R N

( )d Ff fat ct cm f,k Mf/E Q R      

f, k
R
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10. FATIGUE

Table 10.1 — Partial factors for fatigue resistance, 
Mf  

Inspection and access Fail-safe Non-fail-safe 

Member or joint subjected to periodic 
inspection and maintenance a; 

detail accessible. 

1,5 2,0 

Member or joint subjected to periodic 
inspection and maintenance a;  

limited accessibility. 

2,0 2,5 

Member or joint not subjected to 
periodic inspection and maintenance. 

2,5 3,0 

a According to maintenance plan 

 

Qualification and proof testing is distinguished

Qualification testing (bridges): required number of fatigue tests and fatigue cycles 

specified according to traffic category, for 50- and 100-year design service life

Proof testing: defined case by case in project-specific quality plan

4. BASIS 

OF DESIGN

1. SCOPE 5. MATERIALS 6. DURABILITY 7. STRUCTURAL 

ANALYSIS

8. ULS 9. SLS 10. FATIGUE 11. DETAILING D. STRUCTURAL 

FIRE DESIGN

12. CONNECTIONS 

AND JOINTS

*



46

11. DETAILING (+ ANNEX E)

 

a) Scarf joint 

 

b) Step-lap joint 

 

c) Single-strap joint 

a  = 2 ° – 10 ° for laminated connections;   = 2 ° – 20 ° for adhesive connections 

Key 

1 Face sheet 

2 Core 

3 Scarf connection 

4 Adhesive or gap 

5 Bonded or laminated plate 

Figure 11.1 — Face sheet connections 

Double-lap bolted joints: bolt diameters, hole 

clearances, distances between holes and from edges

Sandwich panels: face-sheet connections

Provisions for laminates, profiles, sandwich panels, bolted joints, bonded joints

Aim: to minimize stress concentrations and effects of environmental conditions, and to address tolerances and 

imperfections

Generic details for bridges (Annex E)
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11. DETAILING (+ ANNEX E)

Details for bridge parapets

CEN/TS 19101:2022 (E) 

 

234 

E.6 Parapets 

(1) Parapets, in addition to serving for the connection of railings or crash barriers (see E.8), should assure 
the drainage of water (coming from the surfacing area) and prevent water from running along the bottom 
of the deck by integrating appropriate drip edges, as shown in Figure E.3. 

 
 

(a) constant deck thickness (b) variable deck thickness 

Key 

1 surfacing bulge 

2 drip edges 

3 water flow 

Figure E.3 — Parapets 

E.7 Adhesive deck-girder connections 

(1) The exposed edges of adhesive deck-girder connections should be properly sealed to prevent 
moisture ingress.  

NOTE An example of an adhesive deck-to-steel girder connection is shown in Figure E.4. 

(2) A proper sealing of the adhesive connection during its design service life should be required in the 
maintenance plan. 

E.8 Crash barrier fixations 

(1) If the crash barriers are connected to the composite bridge deck or composite slab bridge, as shown 
in Figure E.5a, the design value of the resistance to impact of the composite deck or composite slab 
(including fixed inserts) should be higher than that of steel connecting elements, which should be 
replaceable to facilitate repair. 

(2) The regions of the crash barrier post connections in composite bridge decks or composite slab bridges 
can be reinforced by high density/strength core inserts (sandwich decks), as shown in Figure E.5a, or 
concrete infills in deck cavities (e.g. pultruded decks), also shown in Figure E.1a. 

NOTE In composite sandwich decks or slabs, the core and core inserts can be protected from moisture by tube 
inserts, as shown in Figure E.5a). 

(3) If the composite deck resistance as specified in E.8(1) cannot be provided, the crash barriers may be 
connected to steel cross-beams, as shown in Figure E.5b. 

 

Provisions for laminates, profiles, sandwich panels, bolted joints, bonded joints

Aim: to minimize stress concentrations and effects of environmental conditions, and to address tolerances and 

imperfections

Generic details for bridges (Annex E)
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12. CONNECTIONS AND JOINTS

Bolted, adhesive and hybrid bolted-adhesive connections and joints

Bolted joints: 

Connections under in-plane actions (laminates):

- Net-tension

- Pin-bearing

- Shear-out

- Block shear

Connections under out-of-plane actions:

- Pull-out failure (laminate)

- Bolt failure in tension

Web cleat joints:

- Shear failure

- Tying force failure
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12. CONNECTIONS AND JOINTS

- Fail-safe condition: composite structures comprising adhesive joints shall be designed as fail-safe 

 (joint failure shall not result in failure of the structure or critical parts thereof) 

- Accidental situation: failure of adhesive joint is considered an accidental situation according to EN 1990 

- Interface failure not allowed: failure mode shall be either cohesive in adhesive or fibre-tear in adherend 

 (appropriate material selection and surface preparation required)

Bolted, adhesive and hybrid bolted-adhesive connections and joints

Adhesive joints: 
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12. CONNECTIONS AND JOINTS

Design value of adhesive connection resistance



= c

ac ,Rd ac ,k

M,ac

R R

Table 12.4 — Partial factors for adhesive connection resistance, 
M,ac  

Inspection and access 
Fully 

controlled 
application 

Partially 
controlled 
application 

Connection subjected to periodic 
inspection and maintenance a; 
adhesive connection accessible. 

1,5 2,0 

Connection subjected to periodic 
inspection and maintenance a; 
limited accessibility. 

1,7 2,2 

Connection not subjected to 
periodic inspection and 
maintenance. 

2,0 2,5 

a According to maintenance plan 

 

Partial factor M,ac depends on: 

- Type of inspection and maintenance & accessibility of adhesive connection

- Application conditions (reproducible process parameters)

4. BASIS 

OF DESIGN

1. SCOPE 5. MATERIALS 6. DURABILITY 7. STRUCTURAL 

ANALYSIS

8. ULS 9. SLS 10. FATIGUE 11. DETAILING 12. CONNECTIONS 

AND JOINTS

D. STRUCTURAL 

FIRE DESIGN

*



51

12. CONNECTIONS AND JOINTS

Methods for design of adhesive joints:

1. Design assisted by testing

2. Design based on stress analysis

3. Design based on fracture mechanics

   
+      

   

22

xy,Edz,t,Ed

z,t,d xy,v,d

1.0
f f

   
+       

   

I ,Ed II,Ed

Ic ,Rd IIc ,Rd

1,0

m n

G G

G G

Stress-based failure criterion: Fracture-mechanics-based failure criterion:

Experimental validation required

(Guilpin et al. 2019, Polymers, DOI: 10.3390/polym11091531) (Pavlovic, Christoforidou, Keller, ECCM20, 2022) 

(requires VCCT and/or CZM)
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ANNEX D. STRUCTURAL FIRE DESIGN

Overall approach and structure consistent with fire parts of other Eurocodes

Scope: structures fulfilling load-bearing function, separating function or both

Fire exposure: accidental design situation

Fire design: “Advanced design methods” and/or “Testing”

(“Tabulated design data” and “Simplified design methods” not yet available)

Material properties:

- Thermal (emissivity, thermal conductivity, specific heat, density)

- Mechanical (strength and stiffness, thermal expansion coefficient)

 (Indicative temperature-dependent values provided for selected materials)
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III. BACKGROUND DOCUMENT

CEN/TS 19101:2022, “DESIGN OF FIBRE-POLYMER COMPOSITE STRUCTURES” 
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BACKGROUND DOCUMENT

Content with ~1000 pages

~400 Background Reports (BRs) for all relevant paragraphs of TS

BRs prepared by PT members with support of WG4 members and 

external experts

Each BR reviewed by at least 2 reviewers (PT, WG4, external experts)

Available as book, in open-access format 

(CRC Press, end 2024)
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information
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IV. WORKED EXAMPLES

CEN/TS 19101:2022, “DESIGN OF FIBRE-POLYMER COMPOSITE STRUCTURES” 
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WORKED EXAMPLES

15 Worked Examples for typical design cases

- Type A (11): step-by-step detailed examples at structural member or 

joint levels, illustrating specific provisions of TS (as in a textbook)

- Type B (4): more complex examples for design of full-scale structures 

or parts of structures

Content with ~400 pages

WEs prepared by PT/WG4 members and external experts

Each WE reviewed by at least 2 reviewers 

(PT, WG4, external experts)

Available as book, in open-access format 

(CRC Press, end 2024)
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EXAMPLE	NO.	03	

TITLE	
ULS	verifications	of	a	simply	supported	fibre-polymer	composite	profile	
with	double	symmetric	cross-section	subjected	to	axial	compression	

AUTHOR(S)	 Mário	Sá,	João	Ramôa	Correia	

REVIEWER(S)	 Luigi	Ascione,	José	Gonilha	

DATE	 06	May	2021	(version	v2.0)	

TS	DRAFT	NO.	 Final	revised	draft,	30/04/2021	

UNITS	 Length	/	Force	/	Stress:	[mm]	/	[N]	/	[MPa]	

	 1.	Data	of	the	problem	

In	this	example,	Ultimate	Limit	States	(ULS)	verifications	are	performed	for	
a	simply	supported	fibre-polymer	composite	profile	(column),	with	double	
symmetric	cross-section,	subjected	to	concentric	axial	compression.	

	 The	column	is	assumed	to	support	the	beams	of	a	floor	(beams	length	of	
4000	mm	and	2400	mm)	belonging	to	a	two-storey	residential	building	
structure,	with	the	modular	floor	plan	illustrated	in	Figure	1.	The	profile	
column	has	length	L	of	2800	mm	(in	the	longitudinal	direction,	x-axis),	
corresponding	to	the	nominal	storey	height	H.	

	
Figure	1:	Floor	scheme	of	the	two-storey	building	(dimensions	in	mm).	

	 The	column	consists	of	a	fibre-polymer	composite	H-profile	(wide-flange)	
with	the	following	characteristics:	

-	Manufacturing	process:	pultrusion	

-	Matrix:	isophthalic	polyester	resin	

-	Fibre	reinforcement:	E-glass	rovings	and	woven	cross-ply	mats	

-	Fibre	volume	fraction	( ):	50%	

-	Density	( ):	18	kN/m3	

and	the	cross-section	(152×152×9,5	mm)	has	the	following	dimensions:	

fV

GFRPg

EXAMPLE	NO.	03:	ULS	verifications	of	a	simply	supported	fibre-polymer	composite	profile	with	
double	symmetric	cross-section	subjected	to	axial	compression	

3	

	

Regarding	the	ULS	verifications,	the	resulting	axial	load	for	the	fundamental	
design	situation	is	as	follows:	

	 ,	

which	corresponds	to	the	design	value	of	the	compressive	force	at	the	

bottom	cross-section	of	the	column:	 .	

In	addition,	the	resulting	axial	load	for	the	quasi-permanent	combination	of	
actions	is	as	follows:	

	 	

	 Other	relevant	data:	

-	Service	temperature,	 ;	

-	Glass	transition	temperature,	 ;	

-	Exposure	class:	I.	

Subclause	4.4.2	 2.	Characteristic	values	of	the	material	properties	

This	section	shows	the	calculation	procedure	to	obtain	the	characteristic	
values	of	the	different	material	properties	of	the	fibre-polymer	composite	
profile’s	laminates.	This	calculation	is	exemplified	for	the	characteristic	
value	of	the	in-plane	compressive	strength	in	the	x-direction	of	the	fibre-

polymer	composite	laminates	 .	

From	the	material	testing,	an	average	value	of	441,5	MPa	was	obtained	for	

the	in-plane	compressive	strength	in	the	x-direction	of	the	laminates,	 ,	

with	a	coefficient	of	variation	 .	The	characteristic	value	of	the	

resistance	(5%	fractile)	is	given	by:	

Annex	D	of	EN	
1990	 	

Table	D1	of	EN	
1990	

Since	the	number	of	tested	samples	(n)	is	10,	 .	Thus,	the	

characteristic	value	of	the	in-plane	compressive	strength	in	the	x-direction	

	is	equal	to:	

	

	

Subclause	4.4.5	

Paragr.	4.4.5(3)	

3.	Material	partial	factor	

This	section	shows	the	procedure	to	obtain	the	material	partial	factor	values	
for	the	different	material	properties	of	the	fibre-polymer	composite	
laminates.	This	is	exemplified	for	the	characteristic	value	of	the	in-plane	

compressive	strength	in	the	x-direction	of	the	laminates	 .	

To	account	for	the	statistical	uncertainty	in	the	coefficient	of	variation,	the	

value	of	 	should	be	multiplied	by	the	factor	 .	

( )g g= + + = × + + × =d G sw,k opl,k Q k 1,35 (0,42 19,2) 1,5 38,4 84,1 kNF g g q

=c,Ed 84,1kNN

( ) y= + + × = + + × =c,qper sw,k opl,k 1,1 k (0,42 19,2) 0,3 38,4 31,1 kNN g g q

o

s 20 CT =

o

g 100 CT >

x,c,k	f

x,c,mf

x,exp 6,5%V =

( ) ( )ì ü
= × - × + - +í ý

î þ

2 2

x,c,k x,c,m n x,exp x,exp

ln
exp ln 1 1

2
f f k V V

=n 1,92k

x,c,kf

( ) ( )

( ) ( )

ì ü
= × - × + - + =í ý

î þ

ì ü
= × - × + - + =í ý

î þ

2 2

x,c,k x,c,m n x,exp x,exp

2 2

x,c,k

ln
exp ln 1 1

2

ln
441,5 exp 1,92 ln 1 0,065 1 0,065 388,9 MPa

2

f f k V V

f

x,c,kf

x,expV Vx
f

I. HISTORICAL DEVELOPMENT 

OF CEN/TS 19101

II. STRUCTURE AND 

CONTENT OF CEN/TS 19101

III. BACKGROUND 

DOCUMENT

IV. WORKED 

EXAMPLES

V. CONCLUDING 

REMARKS



60

I. HISTORICAL DEVELOPMENT 

OF CEN/TS 19101

II. STRUCTURE AND 

CONTENT OF CEN/TS 19101

III. BACKGROUND 

DOCUMENT

IV. WORKED 

EXAMPLES

V. CONCLUDING 

REMARKS



61

V. CONCLUDING REMARKS AND 

FUTURE WORK

CEN/TS 19101:2022, “DESIGN OF FIBRE-POLYMER COMPOSITE STRUCTURES” 
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V.1 CONCLUDING REMARKS

The European Technical Specification CEN/TS 19101:2022 is a major step forward for the adoption of 

fibre-polymer composite structures in civil engineering

Compared to the first step (‘Prospect’), there are many improvements: 

(i) Basis of design (partial factors, conversion factors, creep coefficients); (ii) ULS of sandwich structures; 

(iii) Creep rupture; (iv) Fatigue; (v) Adhesive joints/ connections; (vi) Detailing; (vii) Structural fire design.

The TS is complemented by a Background Document, providing additional information for the main 

paragraphs, justifying the decisions made, the values selected, and highlighting research needs

To support designers, Worked Examples were prepared to illustrate the application of the TS clauses
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V.1 CONCLUDING REMARKS

The following factors explain the success of this project: 

- Commitment and “balanced” composition of PT/WG4 (academia, designers, manufacturers, 

contractors)

- Close collaboration between different stakeholders

- No “restrictions” associated to pre-existing standards 

- Specialized support of other SCs and WGs of CEN for critical aspects (basis of design, fatigue, fire)

The following difficulties were encountered:

- Lack of comprehensive/validated data at material and structural scales (resistance models, 

durability, fatigue)

- Lack of technical knowledge (seismic design, fire design)
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V.2 FUTURE WORK (2025-26)

Conversion of TS into Eurocode:

- Re-calibration of Rd for some resistance models

- Re-definition of c for temperature and moisture (differentiating between fibre- and matrix-dominated 

properties) – economy, sustainability

- Additional provisions for profiles: 

 | resistance to web crippling       

 | more combined internal forces

 | more cross-sections
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V.2 FUTURE WORK (2025-26)

Execution provisions will also be prepared and included in a new part, with input from all stakeholders, 

including contractors and designers.
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Thank you!

Email: joao.ramoa.correia@tecnico.ulisboa.pt

Core Group: https://coregroup.tecnico.ulisboa.pt

*Permission to reproduce extracts from British Standards is granted by BSI Standards Limited 
(BSI) No other use of this material is permitted.

British Standards can be obtained from BSI Knowledge knowledge.bsigroup.com 

http://knowledge.bsigroup.com/
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