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Rules and Regulations in

FRP Infrastructural applications
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Content Presentation

(RAMSSES)

e Current FRP Infrastructural Market

* EU Design Guidance
— JRC (joint review committee)
— Usage of guidance notes from other sectors

* National regulations
— Netherlands: CUR 96 / Edition 2017
— Italy: CNR-DT 205/2007
— Germany: BUV Empfehlung TKB

~ * Insight in CUR 96 / Ed. 2017
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Current FRP infrastructural market

(RAMSSES)

 Growth in European FRP infrastructural market

* Larger more complex FRP civil constructions

* Rules & Regulations (EU) are under
development

* Pro-active National parties
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Typical infrastructural FRP Structures

* Trusses

(RAMSSES)

— Profiles
— (pultrusion)

 Monocoque structures
— Shells
— Sandwich
— (infusion)

e Specific structures
CompositesNL. ~ E-|AS — InfraCore In5|de

FiberCore f
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EU Design Guidance: Current

[ MNEN-EMN 1990 J

Lluw\sslas)

Easis of structural design

NEN-EN 1997 1 | MNEMN-EN 1997
[ Actions on structures J | Gemef;g';?'g)deﬁgn
General Cranes &
loading Machinery
(7 parts) | MNEM-EM 1998
Design of structures for earthquake resistance
| | | (6 parts)

Silos & Trafic
Resevoirs loading

p—

MNEMN-EMN 1992 MEMN-EM 1993 MEMN-EMN 1994 MNEM-EM 1925 MNERN-EM 1996 MNEM-EM 1929
Design of Design of esign of Design of Design of Design of Design of FRFP
concrete steel composite steel and timber masonny aluminium structures
structures structures concrete Structures Structures structures structures

Buildings & Buildings & Buildings & Buildings & Buildings & Buildings & Buildings &

MEM- EN K J
Fire desalgn Fire design Fire design Fire de5|gn ]

[ General rules, } [ General rules, { General rules,

Fire design Fire deS|gn Fire deS|gn

[ General rules, } [ General rules, ] [ General rules, } [ General rules,

| )
[ Bridges J [ Brldges ] [ Brldges J

Brldges Fatigue Br|dges
(part 2)

Liquid retaining Towers, masts, Locks,
and containment chimneys sheet piling
structures silos, tanks (part 3)

pipelines, piling,
crane supporting
structures

( )

EN-19xx

Design of FRP
Structures

g J
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EU Design Guidance: under development

CUR-Aanbeveling 96:2017
in

en cvieltechnische draagconstiucties

PROSPECT FOR NEW GUIDANCE IN THE DESIGN
OF FRP STRUCTURES

CNR-DT 205/2007

BUV-Empfehlung

Tragende
Kunststoffbauteile

im Bauwesen [TKB]

- Entwurf, Bemessung und Konstruktion -

Stand 08/ 2010

CUR96; 2017 JRC
FRP in buildings and Prospect for the Design
civil engineering structures of FRP Structures E—

BUV Empfehlung TKB
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EU Design Guidance: under development

FRP design guidance for infrastructure makes use of FRP
experience in other markets

E.I' DS

,'*“-

MIL Handbook 17 GL Offshore DNV-0OS-C501 EN 121

Wind Turbines Offshore Standard FRP Pressure vessels
Analysis methods Fatigue of FRP FRP in a marine climate Chemical resistance

Material tests Material and FRP in fire Accelerated ageing test

Building block approach ~ connections

CompositesN L
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EU Design Guidance: under development

European design guidance for FRP: timeline

(RAMSSES )

2018 2020 20227

PROSPECT FOR NEW GUIDANCE IN THE DESIGN
OF FRP STRUCTURES

T FRP FRP
Technical Specification Eurocode
In progress At least 2 years of

succesfull usage

CompositesN L 2 JRC

Prospect for the Design
' Of FRP Structures
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EU Design Guidance: challenges for FRP

Not 1 material, but wide range of materials

Fibre orientations
— Various lay ups
— Directions with fibers & directions with few or no fibers!

Influence of quality of resin & production proces
Reliability of models, many parameters

In situ composed material => associated suitable quality
control system

Technology development...
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EU Design Guidance for FRP
A combination of analytical models and Testing

(RAMSSES)

B When no sufficiently reliable theoretical model is
available (yet)

M representative test results from other projects can be used!

M As part of quality control

B Tensile/bending test (general quality)
W LSS (fibre resin compatibility)

M Glass transition temperature (cure, resin and durability)

CompositesNL E-IAS

FiberCore
~__europe|
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EU Design Guidance for FRP
A combination of analytical models and Testmg

(RAMSSES)

As part of the design

M Determine characteristic mechanlcal propertles
W Materials
B Connections

M Complex phenomena: creep, fire, fatigue after impact, ...

As part of Quality Control & Health Monitoring

CompositesNL E-IAS

FiberCore

M Deflections

M Eigenfrequency

europe
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EU Design Guidance for FRP
A combination of analytical models and Testing

(RAMSSES)

Full-scale test Lotharingen bridge, Utrecht. Lightweight Structures and Damsteegt

If the structure is continwoushy |E:|:|used to a service temperature of more than 40 °C combined with water

Composit |2
ampositesNL, E-IAS (humidity) the effect of this should be determined by means of tests under these combined conditions.

COMMEMNT
The combination of elevated temperature and water (humidity) may lead to 2 more severe degradation of properties
than for the individual effects when combined.

FiberCore
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EU Design Guidance for FRP
A combination of analytical models and Testing

(RAMSSES)

Full scale test:
30 M fatigue cycles 60 tons after serious impact

Eurocode InfraCore traffic deck 3m x 7m

No structural damage growth

Bridge installed | gﬁ }

with 50 yearsof @

Future Lifetime, " E g @
CompositesN L E_LAS Without repair . F % el i

s PROVEN TECHNOLOGY

BRI Witnessed by DNV-GL (at WMIC & NO)



“"1"‘
InfraCorei=m)

‘7 7&2 l

' o oya
. nfraCGre coman Iglfsko!!ilr:gTDI;IhV
nnancing >ocety iogetner

RAMSSES . .
\SASS EU Design Guidance for FRP
A combination of analytical models and estin :

ompositesN L E.LAS q




m:nc;fe*@s. ; sﬂv ]

Infra Cofermrr HasikoningDHV g
CUR recommendation 96 Edition 2017

FRP in buildings and civil engineering structures

B LFir

CUR-Aanbeveling 96:2017
— Vezelversterkte kunststoffen in bouwkundige
o *l

(RAMSSES)

= Partial factors
= Material factors

= Conversion factors

en civieltechnische draagconstructies

10 1 B - . .
. v = Material properties

= ULS/SLS

= Modeling of FRP
= Design rules

= Quality control
= Protocols

= Testing

CompositesN L

= |mperfections
ULS: Ultimate Limit State

FiberCore

“europe only in Dutch (English translation in 2019) SLS: Serviceability Limit State
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FRP in buildings and civil engineering structures
Guarantee reliability & Safety (Realistically conservative)

Generic for market
MANY CHALLENGES

Allow for economic design HAVE BEEN TACKLED

= sufficient quality control

Give direct guidance (Maturing market)
= Design rules AND Testing: allow for techn. developments

= Annex J: points of attention to inform inexperienced clients,
owners, contractors

= Comments throughout, to explain relevance of the rule
= Chapter for details, realization, maintenance & testing
= Extra component partial material safety factor
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FRP in buildings and civil engineering structures
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Design Value vs Characteristic Value

Safety Margin |

-3 -~ =
g 8 g |2
- - -

0 Strain
00000 ubD

CompositesNL E-IAS

1. = conversion factor (for ageing and climate)

vy = material safety factor  (for scatter of material properties, ...
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FRP in buildings and civil engineering structures
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Scatter of material properties ~ coefficient of variation

nnnnn

60000 A >

[=faTalalal / ﬁ V — _Sx
E VVVVV i, x —
= |-40000 ——L3B1 m,
:s: faYaYaYal )/ —L3B2
5 1383 V.= coefficient of variation
S 20000 a—| B4

o000 1285 s,= standard deviation

0 / m,= average value

-10000 (}; 10(?00 201)00 30000 40(1)00

vvvvv

Extension [um/m]

CompositesNL E-IAS
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CUR recommendation 96 Edition 2017

FRP in buildings and civil engineering structures

Partial material factor (CUR96; JRC)

YMA takes into account
uncertainties in obtaining the
material properties

1.15 : properties derived from tests

1.35 : properties derived from theory
(Future: 1.0 when fully mature quality
control systems and analytical models)

takes into account
uncertainties due to the nature of the
constituent parts and the production
method
(i.e scatter in material properties)

Tm = Ym1 T2
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CUR recommendation 96 Edition 2017

FRP in buildings and civil engineering structures

(RAMSSES)

Partial material factor''y M2" ~ Vx and failure mode

Conditions Ultimate Limit State
Local Stability Global Stability
Production Process and

properties of FRP with
V,<0,10 1.2 14 1.35

Production Process and

properties of FRP with 1.5 2.0 1.50
V, <0,17

Vx: coefficient of variation

- <0,10: pulltrusion, vacuum infusion, ...
CompositesN L E-l1AS

FiberCore

europe

<0,17: hand lamination

Producer has to demonstrate that the production process meets
this requirement
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FRP in buildings and civil engineering structures
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Conversion factors: simplified method to include climatic
influence, long term effects
* Temperature

=H§L-ng~mm-ngg-ngj

Moisture

* Creep
— Depending on laminate lay up
— When critical for design to be verified by tests ||

Fatigue
— ONLY for reduction of stiffness
CompoditesNL, E-AS — Strength effect

FiberCore

— Life time based on fatigue stress cycles (Miner sommation).

europe
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CUR recommendation 96 Edition 2017

FRP in buildings and civil engineering structures

Conversion factors: simplified method to include climatic
influence, long term effects

Nc = Net - Nem - Ney - Nef

= Temperature ng
= ULS: 0.9;
= SLS:1.0for Ty= T, — 40 °C;
0.9 for T;—40°C < Ty< Ty —20 °C.

= Moisture nem
= 1.0(dry) - 0.9 (dry/wet) - 0.7 (wet)

(] ] 1
0 20 40 &0 B0 100 120 140 160 180 200 0 MO
T {mim

= Creep deformations 1, .
= Typical values Ne™ 0.4 -0.8 (lay up dependent)
= To be verified by tests when critical for design

=  NB: for strength verification under permanent loads a creep rupture limit applies.

s Fatigue ng
= 0.9 (only for stiffness reduction)
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FRP in buildings and civil engineering structures
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Glass transition temperature Tg

« Tg=Temperature for which the stiffness of the resin reduces.
(transition to rubber phase )

* Tgis an important parameter for durability :
— Tg requirements in resin selection
— Tg verification as part of quality control

— High actual Tg: lower reduction factors in design!

Tg=117°C

—+—F

—FE
2= 4 —tan-0

g-uey

E R ERESESEF &

A Source: research EPFL
S0 -3 - 1M 30 50 30 5|] 1'."IJ 1!] 2"IIJ 23!3 ZSD .
Tempar.lium [*C} SWltzerIand
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Chapter 3 Materials: Ply properties (building blocks)

* Fiber and resin properties

Tabel 3 Nominale waarden voor de stijfheidseigenschappen van een UD-lamel.

* Ply properties: | L= .

i [N
pe b’ G, aTC

Tabels e

— Formulas (Halpin-Tsai — Manera)

* Laminate properties:

; Classical laminate theory
CompositesN L E-l1AS

— =>software is available

euro

FiberCore
= Urope.

Y E [GPa] B [GPa) Gz [GPa] A

40 % 30,8 8.9 2,8 0,30
45 % 34.3 10,0 3.1 0,29
50 % 377 11,3 3.5 ©,29
55 % 41,1 12,8 3.9 0,28
60 % 44,6 14,6 4,5 0,27
65 % 48,0 16,7 5,1 0,27
70 % 54 . 19,3 6,0 ©,26

Reductiefz UD-stijfheid rden (behalve wiz): 0,97

Tabel 4 Nominale waarden voor de stijfheidseigenschappen van (gebalanceerde)
weefsel-lamellen.

Ve | EIGPa E[GPal | G IGPa] S
25 % 13,4 13,4 2,1 0,21
30 % 15,5 15.5 2,3 0,20
35 % 7.6 17,6 2,5 ©,20
40 % 19,8 19,8 2,8 0,19
45 % 22,1 22,1 3.1 0,19
50 % 24.5 24.5 3.5 .19
55 % 27,0 27,0 3.9 o8
Reductiefactor fzel{gebal d)-stijfheid den {behalve niz): 0,93
TDs[:ch:mg i

Een andere mugehlk!xeiﬂ om de engenschappen van een weefsel-lamel te

~ bepalen is om het lamel te beschouwen als een symmetrisch o /go-lamx-
_ naat van UD-lamellen en volgens de klassicke laminatentheorie te berekEA
nen, waamp dan weer de reductiefactor wordt toegepast. %

Tabel 5: Nominale waarden voor de stijfheidsei ‘happen van een mat-l; 1.
Vi F[GPa] | K [GPa] (e e e

10 % 0.2 6,2 2,3 0,33

12,5 % 6.9 6.9 2,6 0,33

15 % 7.6 7.6 2.9 ©33

17,5 % 83 83 3.1 ©.33

20 % 91 91 3 ©.33

25 % 10,6 10,6 4,0 ©,33

30 % 12,2 12,2 4.6 ©,33

Reductiefactor mat-stijfheidswaarden {behalve niz) : 0,91

MNominale waarden sterkte-eigenschappen

Voor de drie in 4.1 genoemde typen lamellen mogen de onderstaande nominale waarden
voor de sterkte-eigenschappen worden aangehouden, rekening houdend met het gestel-
de in 6.8.1.
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FRP in buildings and civil engineering structures
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Design verification on 3 levels

* Profiles: cross section level Failure

First ply
Failure

e Plates and shells:
— Ply level

stress

— Laminate level

E |

Rek bij eerste |

1 scheurvorming | Bezwijkrek

CompositesN L E.LAS

strain

leh‘ ﬂl'.&' * Failure criterion: Ultimate failure
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FRP in buildings and civil engineering structures
Chapter 6: Profiles

=  Verification on cross sectional level (capacity of profile)

(RAMSSES)

=  Common for pultrusion orofiles

N +MF,E:|' _l_ME.Ea‘_'_FF,Eu' +FE.EE+'?}:|' ..:_:L{]
N Mf,ﬂﬂ' ME.R:J‘ Ff,ﬂﬂ' FE.'..FJ:!' TH

Waarin:
Nea, Myggen Mzeg, Vigs Vzeaen Ty
Ngu, M'I"_.M an MI..RHP 1|'|I'I':.H|I1. "lrzm 2n Tm

Design values of occurring section forces

Design values of section capacity or resistance

= Xgq: Smallest capacity including holes and imperfections.

= = Also for profiles the verification on laminate or ply level is
allowed.
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FRP in buildings and civil engineering structures
Chapter 6: Plates and Shells

tension O, __(G!r's;j .8 L+ 05,5 _+ Tiag _= 1 ]
. . l\o-l,.f.ﬁ' _ Cl'I.M-‘.‘ _Jl.r.R Tior Y '}’f"?‘- .
* Ply level: Tsai Hill druk -

g 2 s 5 2 2 2
. T, .5 ) O,.502,.5 O, s Tias _ 1
compression - ; + * =
L.Ul,r'.ﬂ J \ 6].1'.)? G?.c'.ﬁ.’ rl?.f? ‘ym'},.l'"}rr

%ﬁ"
InfraCore=m) Y’

(RAMSSES)

* Laminate level: Simplified Strain Criterion
— 1.2% strain limit for FRP when min. 12.5% fibre reinforcement

in all main directions (0/90/45/-45). g, gy < 12%
r Yar
CompositesN L E-l1AS _112% 7 12%
£, g S
S - For UNI AXIAL loads: " :r’u
.'. - =) _ X .,-_. .-_ T 1,60:;6

?’u
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FRP in buildings and civil engineering structures
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Chapter 6: Fatigue

* Fatigue: stiffness reduction => conversion factor
e Fatigue strength: S-N curve

Fatigue life: | vy _,. log[?w-m-crmJ

— N= number of cycles
— m =regression parameter (slope)

* Variable amplitude loads may be considered as a
combination of constant amplitude loads using Rainflow

CompositesN L E-1AS countin g.

- . ' . . n;
FiberCore °© Miner'srule: D—Z_Fil.

europe
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CUR recommendation 96 Edition 2017

FRP in buildings and civil engineering structures

Chapter 6: Fatigcue — Reference values

Table 11.16 - Reference values for regression parameters a and B for UD laminate.

UD non-crimp Glass/epoxy UD non-crimp Glass/polyester Carbon/fepoxy
fabric fabric UD non-crimp fabric UD non-crimp fabric
a, B a, B 4a, B
R=-1 -10, 600%(V,/0.55) -9, 700*(V,/0.55) -15,900%(V,/10.55)
R=01 -10, 1100%(V/0.55) -7, 1300%(1%/0.55) -30, 1200%*{W/0.55)
R=10 -18, 750%(V,/0.55)
1200
—R=0.1, gkass-fibre /e poxy
12300 —FR=0.1, ghass-fibre/polyestar
— —R=0.1, carbon-fibre/epoxy
E Vg 7V O,
§ 500 log(N)=m- log[u
: n.-B
E 0 \ .
§ —
. a 200 \
CompositesN L E.LAS
[1}
1 10 100 1000 10000 100000 1000000 10000000
Mumber of cycles tofailure [-]

Figure 11.1 - 5-N curves for a number of materials, V¢ 55%, R=0.1.

FiberCore
~__europe|
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Chapter 7: Serviceability Limit State design

SLS deals with the functionality and
durability of the structure

* Deformation due to variable load
=> a measure for the response

 Deformation due to permanent load
(creep)
=> water ponding, sagging

* Design guidance is generic
=> Client specifications are necessary!
CompositesNL E-IAS

* SLS requirements (deflection or comfort) are determining
for FRP design => materials, costs , environmental impact
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FRP in buildings and civil engineering structures
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Chapter 10 / Annexes Quality checks

— Material checks

— Qualified personnel
* FRP Supervisor at relevant activities
* Executing personnel
— Training / instruction protocols to be provided
— QA- factory protocols
* aspects to be addressed in QA protocols
e Future: look at Class work shop certificates

— project specific:
* FAT tests (project specific)

CompositesNL E-IAS
* SAT tests (measurement of deflection and response as built: e.g.

reference for health monitoring)
* Optional: monitoring by structural health monitoring technology
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FRP in buildings and civil engineering structures
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Chapter 10 / Annexes Quality checks

Embedding of sensor lines

Tension side
Compression side

CompositesNL E-IAS
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Annex J: points of attention to educate inexperienced
clients, owners, contractors

Design rules, Testing & Attention for FRP critical aspects!
T

CUR-Aanbeveling 96:2017

FRP: ready for use! | R e .
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Acknowledgment: co-author

Liesbeth Tromp

» Lead engineer FRP @ Royal HaskoningDHV
Infrastructure and architecture

(RAMSSES)

m Technical Coordinator & co-author CUR96 FRP structures

m Representative of Netherlands in TC250-WG4
(Eurocode FRP committee)

m 1997 — MSc Aerospace Engineering, TU Delft
m > 20 years of experience in FRP & lightweight engineering
m  Guest lecturer TU Delft (Civil Engineering, Architecture)

m Post Academic FRP course for professionals
= With TU Delft: ProfEd online course FRP for infrastructure

More info on CUR96:
X liesbeth.tromp@RHDHV.com
® +31-68 35303 20
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g InfraCore Comp

Contact

Postal address: Oostdijk 25, 3077 CP Rotterdam/NL

* Office address: Marconistraat 16, 3029 AK Rotterdam /NL

« Email: info@infracore-company.com

« Internet: WWW.infracore-company.com

CompositesN L E.LAS N

Beem © Phone: 0031-624628868

europe
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