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ANALYSIS OF CONTEMPORARY STATE AND DESIGN OF FEASIBLE
PRODUCTION FORMS OF WOOD POLYMER COMPOSITES

priori disregard the influence of the “dispersion
effect” since typical lamination thicknesses are in
the range of 20 — 50 mm and strength reducing
defects, such as knots, are of the same order of
magniiade. Glulam can be made more efficient
through the use of high-strength fibre-reinforced
Ramells as a temsile reinforcement.

The aim of the CIDEAS research is to develop:

# The model of ghulam beam related 10 the
different faibure modes.

® The model of structural timber or ghilam beam
with the tensile reinforcement

The first tests and simulatsons have been done -

see Figure 2.

Prablem Description

Glued Inminsted timber (glakam) is an highly
engineered building material, extending i many
cases the traditional use of solid timber. The main
sezson for this is that the production process
provides a nismber of advantages compared with
solid timber — soe Figure 1.

* A lamarstion comtaining knots or other zones of

cell corresponds to a 150 mm long pan of a
lasmanation. The lamanation is assumed to consist
of two “materfals”- wood and finger joints. The
model ks based on two computer programs, first
that simulates glulam beam lay-up. and second
that performs finite element calculations. The
weak point in the model as in all other models 15
related to the failure criteria of the beam.

The Karlsrube model has not been used directly
for the European design method described in EN
1194, Tt was felt that it was too complicated and
some of its implcation - e.g. a strong depth effect
independently of length — was not supported
umambiguously by tests. Instead a simpler model
was chosen where the strength depends solely on
the tensile strength of the cuter Limimation in the
temsion side.

1o the model the strength
vahues shall be calculated from the conventsonal
characteristic tensile strength £, ), and the mean
modulus of lasticily Egj e of the laminations
as shown in Table 1.

» CSN EN 301 Adhesives, phenolic and
aminoplastic for boad-bearing timber structures;

w q
(ENT 199%5)
= CSN EN 338 Structural tanber - Strength
classes (CNI 2003)

» CSN EN 386 Glued laminated timber -
Performance requirements and minimim
production requirements (CNT 2002)

» CSN EN 391 Glued laninsted timber -
Dielamination test of ghae lines (CNI 2002)

o CSN EN 392 Glued laninated timber - Shear
test of ghae lines (CNT 1996)

» C5N EN 408 Timber structures - Structural
timber and ghied laminated timber -
Determination of some physacal and mechanical
properties (CN1 2004)

» CSN EN 518 Structural timber - Grading -
Requirements for visual strength gradmg
standards (CN] 1996)

* CSN EN 1194 Glued lamsmated timber -

Table | Properties of ghulam (in ¥/mm’)

Polymers, International Association for Bradge
and Structal Engineering, Zurich 1952
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Reinforcad beam

The effective height b is the remaining height of

CALCULATION OF THE LOAD CARRYING CAPACITY AND THE
BENDING STIFFNESS OF GLULAM BEAMS REINFORCED BY FRP

Figure 5: E, dissolve in kPa on beam ne. 46
with blanked influence of FRP lamelln
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DESIGN MODEL FOR FRP REINFORCED GLULAM BEAMS

Summary

Possibilsties o remforce ghulam beams parallel 10
the grain to increase bending and axial stiffncss
and ultimate load have been investigated within
this research project. One of possible methods is
1o use Fibre-Reinforced Plastics (FRP) as a tensile
remforcement, Fibres used where glass fibres and
carbom fibres. The design model was developed
taking into account the plastic behaviour of timber
loaded in compression parallel 10 the grain

Field of application

FRP reinforced timber elements have the potential
maindy to:

sallow the use of lower grade timber in
structures,

a large temsile strain at failure. Materials
considered were steel, glass fibre forced

inte account this effect. For FRP reinforced
beams therefore different design models are
necessary. Figure | shows the types of cross
section studied. In practice. for reason of fire
safety or for esthetical reasoms Type 1 s
applied. The width of the reinforcement wsually
equals the widih of the crosssection.

Type | Type2

Figure 13 Cross section of the test specimens

Figure 2: Fallure modes.

linear - elastic - adeal - plastic stale.

Faihge modes at the compression side by a

defined compression strain;

Mode e: Compressive failure, on  level IIL
‘befiore the timber facing fails in tension,
cross section i in linear — elastic — wdeal
— plastic state.

Mode I Compressive failure after the timber
Encing failed in tension with subsequem
tensile failure above the remforcement,
cross section is in linear — elastic — uleal
— plastic state.

Figure 1: Pedestrian bridge made of glulam Property Strength classes and determination of . equal 10 by, After filure of the tmber facing the
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Figure 4 illustrates the notation and the assumed
stress-strain relation. The design model reduces

Figure 4: Relnforced beam with deformation
and stress-strain relationship.

Dimsensionbess factors a;
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Ratio of the timber compressive to tensile strength
nterprets factor ki
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Abbreviation factor k:

i3

The effective height b is the remaining height of
the cross section. With mtact timber facing b is

® Meier U, (1992): Carbon Fiber-Remforced

DETERMINATION FOR PHYSICO-MECHANICAL AND
PHYSICO-CHEMICAL CHARACTERISTICS

least 10 pieces of the appropriate species, sire
and grade or from appropriate existing data

Using data obtained from the local modubus of

accuracy of 1%,
The mode

piece to deflect without significant frictiomal

elasticity test, plot the load'deformation graph.

Use that section of the graph between 0.1 Fou
amsd 0.4 Fou for o regression analysis.

characteristics at

of fracture and

low stiffness will be remforced by adjacent — Lasti FRP) and bon fib forced Failure modes at tension side of cross section: 3 Polymers, International Association for Bridge
b : - plastics (GFRP) and carbon fibre reinforce i 1 nforced ghalam b by .
llnnnm,ms when it is contained ina glulam Tk ile strength of the . Sm_ E. and La e plastics (CFRP). The disadvantage of steel is Moden: Falure of th < S o:'mm:l:l":ﬂ“gm| and Structaral Zurich 1992
beam. The stiff and strong laminations take up a mvestigations of the I the low yield strength leading 1o plastic il the ors allow  calcubate = Tichy, R. {199} Pry
larger part of the tensie stresses, This is Jamminted bearms. J, § deformations before the timber fails. FRP o - section by caleulat woodkplastic compoy
scmetimes refered to.as a “einfoscing effect”, ) 125(T), 740745, 199 reinforcement does not show this behaviour. Shenke.gate, ) T on timber engineering o ) ) :
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of ghilam take a5 reference the individual Figure 2: Test and sin| 213 Derlcoment of Concepton of e Ublzsion o Wood Omed Mt Colling (1987). occurs and design models therefore do not take 212 G agtion, ca b U an of Vol Bkt Wit i Soccy oI,
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The bending strength shall be calculated to an

the growth
the fracture section of each test

piece shall be recorded.

the cross section. With intact timber facing b is

Figure 1 illusirates the notation and the assumed
stress-strain relation. The design model reduces
ke calculstion 10 non reinforced glalam beams by

equal 1o he. After failure of the timber facing the
effective height b is reduced by the height of 1he
timsher facing.

Figure 3 a 4: Stress o, In mean cross-vection In
lmit elastic state (beft) and corresponding

compression stram g, Below the stzain g, the

12

and Strsctaral Engineering. Zurich 1992

Problem description

resistance - see Figure 2.
The valses obtained m any determmmation of the
properties of timber depend upon the test
methods used, 1t is therefore desirable that these

Load shall be applied a1 a constamt rate. The rate
of movement of the loading bead shall be pot

Find the lengest postion of this section that gives

Standards

a comelation coefficient of 0.99 or better.
Provided that this portion covers al least the
range 0.2 Faw 10 03 Fan, calculate the local

= CSN EN 386 Ghied laminated tmber -
Performance  requirements and  minimum
production requirements (CNT 2002)

using absolute geometrical factors o and peneral " p i modulus  of elasticity from the following

factors K These faciers allow calulue  Load carrying capacity caleulation sirain &, {right), facing laver was ignored fibods be modilized o (ctomks o e iNal Rl T ) prosui el ’ % eCSN EN391 CGlied lamimated timber

geomerically similar cross section by caleulstiid  gocause of the nonlinear stress disribution, an o with the adoption of fimit state design and with Delamination test of ghue lines (CNI 2002)

s i Mg o i Uy uhinute moment instead of un uimate siress is Caleulation of the bending stiffness with tangible influence of FRP lamella the develonment of baily vinml wd mechine r‘ e R r'| % * G BN 332 Glued lunimod. imber - Sheny
used 10 express the Joad carrving capacity. This : ) stress grading, attention will be | 1e— 1 187wy — wy) test of glue lines (N1 1996)
ultimate moment depends on the failure mode {see T‘In stiffness is calculated mmdadl'\: :gtlhe lhl:u} The factor kes indicates the stiffiiess increase of centred on the determination and monitormg of [ T T 14 where SN EN 408 Thmber struch Srucrural
Ayere 2). Falluce a1 the tension ke is asmmed f“fm'zn;‘ﬁ‘m‘cm’“goforHK':;:‘“:[ i reinforced beams. For non reinforced beams the the sirength properties and variabiliy of Hmber in i L ¥ F. - F, is an increment of load in newtons on the siher: ol ghiod laminwed. _ thaber
when the outermost fimber fibre of the effective for i and b) Pl’;o: deformati oot following height of the cross-section 1 necessary slnlnl_lml sizes. Anm: this can be  more 3 - H ’ ion line with a i of of some physical and mechanical
cross section has reached the ultimate strength € modes & g o s to reach the same bending stiffness (5, effectively undertaken if the basic data are 0.99 or bett & "

Figure 1: Reinforced beans with deformation or the ultimate strain ... respectively. The strain mdaod. since: the stiffees & umed for defined and chtamed under the same conditions. Figure 1 - Tests arrangement for local e PR AT N
ol ot sl relationship at the compression side is limited to the ultimate sarvicanbipey Sk g, b = AT & modulus of elasticity measuring wy = wy B the increment of deformation in o CSN EN1194 Glued laminated timber -
e = & millimetres corresponding to F: - £, (see Figure

Strength  classes  and  determimation  of

timber behaves linear-<lastic (see Figure 1), The Stiffness in the lmear-elastic state: State of the Art m characiesistic properties (CNT 1999)
| equilibrium of the resulting forces m the cross- ef (El) =m0, +n,- [ A ) Litarature The tests shall be carricd out on picces which are
section vields the position of the neutral axis « Colling, F. (1990) Tragfthigkeit von conditioned a1 the standard environment of (20 Basic Literature
bany After failue of the timber facing the " s T pid hak: n 2) °C and (65£5) % relative humidity. A test = Coll F. {1990k Tragfthigkeit
AR v B R B A i gl L e e B s e e cpigen e Benhbor i
ek A e Te o c gl = hy-hy,. \ i 3 i ¢ 3 - ain
s Separate equations for cross-section for cross- aﬁz‘m Mgy of | Karhiube when the results of two successive weighings, a-in, -M‘U‘L ";“‘ ey
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o because of the different position of the cutermont  Ehlbeck J., Colling F. (1987): Tragfihigheit von by more than 0,1% of the mass of the test piece. any:
Dimensionless factors e timber fibre below or directly above the Gla\_sfuer—\'e(tnmd—?rom: ?‘Eﬂ‘ﬂlhﬂl Burett- The test picce shall be symmetrically loaded in o Larsen, H. 1 (1982): Seength of glued
" reinforcement. @ e der bending at two points over a span of 18 times the hm:ed beuns_ = Pant Tests of beams.
o =t il depth as shown in Figure 1. If the test picce and Institute of Building Technology and Structural
b e ik ik M, of 5 psiiod, gheon 5 « Larsen, H. 0. (1982): Stremgth of ghied equipment do not permit these conditions 10 be - Engmeering. Report No. 8201, 1982
Dok s caleuiated 28: +12- laminated beamss — Pat S: Tests of beams. achieved exactly, the distance between the load e « Semmanc, E. and Larsen, H. J. (1999): Numerical
Ratio of the timber compressive 1o lemsile strength Institiste of Building Technology and Structural points and the supports may be changed by an F -Load investigations of the laminaring effect i
interprets factor ke M= f W oky e ] - Engincering. Report No. §201, 1982 amount not greater than 1.5 times the picce depth, The loading equipment used shall be capable of w  ~ Deformation laminated beams. J. Structral Engineering,
where: - * . and the span and test piece length may be measuring the load to an accuracy of 1% of the ure 3 - ram of load-detormation 125(7), TAO-T45, 1999 -
20 where: I i timber bendmg strength f bk A% * x’l'" ud [:99!!]_.0 cl“:m F:b’";‘m';o:;'d changed by an amoumt not grenfer than three load applisd 1o the test piece or, for loads less fa (I:::ﬂ; mmwnm
Karstaas 5 8 fasliure mode based factor (see = 7 e SR A RPOC M TR times the picce depth, while maintaining the than 10% of the applied maximum Joad, with an

figure 2) vm:mrdin to o B il symmetry of the test. These rules are nod accuracy of 0,1% of the maximam applied load.
w B section modubus computed as oy P CI]- . T'K.i‘li‘. I.l_ (1998): Pmpmin&mtli applications of mecessary to follow i research and development. The deformation w s hall be mken as the average The local mm:ﬁghgxw shall be calculated
welipg i relatiomship between FRP and gl > 3 “";;‘;B The test piece shall be sumply supporied. of measurements on both faces at the nevtral axis, to.an nccuracy of 1%.
f timber modulus of elasticity on timber engineering, Montreux. Lateral restraint shall be provided as necessary to and shall be measured at the centre of a central If a portion of the graph cannot be found with a

where:

b s effective beight of the beam

prevent buckling. Thes restraint shall permit the

gauge length of five times the depth of the

section.

correlation coefficient of 0.99 or better covering
the range 0.2 Fo, 10 0.3 Fo. check the test

b s widih of beam -sectiol
s width o cros-section equipment and take measures 1o eradicate any
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Roof Structures with Punched Metal Plate Fasteners

Roof structures with punched metal plate fasteners
.________________________________________________________________________]

Roof structures with punched metal plate fasteners Roof structures with punched metal plate fasteners Roof structures with punched metal plate fasteners

Roof structures with punched metal plate fasteners

COOPERATION WITH INDUSTRY Design and verifying punched metal plate fasteners according to Eurocode 5 Anchorage capacity

Why timber structures with punched metal plate fasteners ? Testing plates according to EN standards

Fast, reliable design according to European standards
Easy, quick assembling

30% cheaper than classical timber roofing

Roof structures with punched metal plate fasteners Roof structures with punched metal plate fasteners

Roof structures with punched metal plate fasteners Roof structures with punched metal plate fasteners Roof structures with punched metal plate fasteners

Net sectional steel capacity Modeling of str | detail: Modeling of bracing
.
12 siope Software solution according to Eurocode 5
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Standardization - Euroco

Author has prepared the Czech version of the European Standard 1995 and now Is responsible person for

Intruduction of all parts of this standard into practice.

Model Code Standard
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UNIVERSITY OF WALES, CARDIFF
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Tato pledbézna GSN jo urfiena pro ovitfonl a k pipominkam. Lze ji pouZil jako aiemativii pfedpis ;Juig;a) i et apitcalal o vidlo 8.3.1.2(7) pro jedii (abies alba) a jedli Doug
k SN 73 1701. Piipominky a navrhy na zlepsenl lze uplatnit u Geského normalizagniho institutu ACLPRO Sty el
e —— NA.29 Clanek 9.2.4.1 Vieobecné, odstavec (T)
D metodu A uved v9.2.4.2 se pro CR neméni,
Tato norma obsahuje doslovny esky pleklad anglického znéni ENV 1985-1-1 (Eurokod 5: Navrhovani NA.2Z10 Cla 253 Ztude Hhradevich sestav, odst
dievinych konstrukei. Cést 1-1: Obecna pravidia a pravidla pro pozemni stavby) a Narodni aplikaéni b 5 h::«: bR :: CI‘? "'b? = . '
i Al j g =NV i ich k ke pake poruéen Y Ku, kia, bz @ kia se pro CR neméni.
KATEDRA OCELOVYCH KONSTRUKCT, STAVEBNT FAKULTA :1::;::0;1 Ceské republiky (NAD), ktery se pouZie spalu s ENV pro navrh stavebnich konstrukel v Geske a  §
THAKUROVA 7, 166 29 PRAHA &, TEL. ++ 42 2 31 1 ENV 1995-1-1 byla pipravena Evropskou komisf pro normalizaci (GEN) a je reprodukovéna plesn fak NA.211 Clanek 10.9.2 Monta2, odstavec (3)
jak byla publ a s a CEN. Je vi praci sp ych zaméami E Doporu&end hodnota uomwpem pro CR je 10 mm.
led i{ES)aE kého sdruZeni volného obchodu (EFTA) pro vyivofeni cbecnych pravidel pro
néavrh konstrukel z betonu, oceli, ocelobetonu, dieva a zdiva, | and v oboru geolechniky a konstrukci C r 1 - © Cesky normalizacni institut, 2008
v solzmickjch oblastech [0] Podle zékona &, 22/1987 Sb. sméfi bt eské technické normy rozmnc
ENV (pfedbé&Znd evropska norma) je uréena k ovéfen! po dobu tfi let soubéZné s narodnimi normami. ale » e Ceského s
nemd statul odsouhlasend EN. Narodni normy jsou ponechany v platnosti. Cilem ovéieni je ziskani poznatki 13
kieré budou vyuZity k modifikaci ENV tak, aby mohla byt schvdlena jako EN. Po dvou letech vyzve CEN
jednatiivé zemd, aby své plipominky k lextu ENV zaslali Technické radé CEN, kilerd rozhodne, bude-li ENV Upozornéni: Zmény a dopliky, jakos | zprévy o nové dch, jsou _ y v Véstniku
plevzata boze zmény do EN, bude-Ii dopindna &i bude-Ili sta?ena z pou2ivani Utadu pro i, il & stétni
€SN EN 1995-1-1
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