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Stora Enso

Introduction of LVL-P and LVL-C

Figure 1.3 LVL-P beams.

Table 1.1. Applications of LVL-P.

- Headers, main beams, ridge beams

» Load-bearing and non-load-bearing-applications

» Support structures and moulds for concrete formwork

Lintels
Floor joists
Roof rafters
Purlins
Trusses
Frames

G for roof and floor

Sole and top plate
EBeam reinforcements

‘Wall studs for internal walls
‘Wall studs for external walls

Scaffolding
Door-and window frames
Furniture components
Packaging industry

26.9.2019

1.1.1 LVL-P beams and columns
—all veneers in the length direction

LVL-P is made of 3 mm veneers laid in the same direction
and bonded with weather- and boil-resistant phenolic adhe-
sive. This structure enhances the material’s strength proper-
ties that have significantly small deviation. LVL-P members
can be used both as horizontal beams and vertical posts in
various applications in construction systems. Erection and in-
stallation can be carried out without heavy machinery, even in
confined spaces.

LVL-P beams are produced from the highest strength
grade veneers to optimized beam dimensions and a height-to-
thickness ratio that provides good material efficiency. LVL-P
beams have an excellent strength-to-weight ratio allowing long
spans with minimal deflection.

LVL-P studs are perfect for load-bearing or non-load-
bearing structures in external and internal walls. LVL-P studs
are easy to install, screw, drill, nail and cut. LVL studs are pro-
duced from lighter grade veneers, but their dimensional accu-
racy, structural strength and rigidity, straightness, and lack of
twisting make them ideal for wall structures 1.2,

Strong and rigid: long spans with minimal deflection
Straight and dimensionally stable, does not warp or twist:

np construction for walls, also high
constructions
Dry from factory: minimal shrinkage in situ
C ized product i with mini waste:

Applications in a wide variety of building types; savings in
material costs and time

Great workability: easy to install, staple, nail, drill and cut
without special tools

Excellent strength-to-weight ratio: Light structuras

Light: easy to handle and lift manually or with light cranes
Can be used with any panel material: suitable for a wide
wvariaty of structures

Easy to combine with other structures and materials in a wide
range of building types

&% eurofins
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Flgure 1.4 LVL-C roof panels.

Table 1.2. Applications for LVL-C.

- Large panel product for roof, floor and wall constructions

Roof overhangs

Pra-fabricated roof, fleor and wall elements and modules
Stresses-skin panel elements

Door panels

Rim boards

High rafter beams

High lintels and header beams

Frames and truss members

Reinforcement of old structures

Curved components, free-form beams and panels
(CNC machining)

Concrete formwork

1.1.2 LVL-C with cross-bonded veneers
for robust structural panels

LVL-C panel is a cross-bonded panel product with approxi-
mately 20% of the veneers glued in a crosswise direction. This
enhances the transverse strength and stiffness and the con-
nection ductility of the panel. It is dimensionally stable, as the
cross veneers prevent shrinkage and swelling in the event of
maoisture changes in the panel width direction. LVL-C panels
or beams can be used as both horizontal and vertical bearers
in numerous construction applications. It is designed for use as
a large-dimension load-bearing panel, as well as for structural
bracing and stabilizing. LVL-C panel is an ideal component for
floor, wall and roof elements, roof and wall panels, and pre-fab-
ricated houses. The panels can be cut to tailored sizes and spe-
cial shapes for modem timber structures 1. 2.

Figure 1.5 LVL-C panels.

Strong and rigid: long spans with minimal deflection

Large dimensicns: applications in a wide variety of building
types

Installation efficiency: large panel for floors, roofs and walls
covers vast araas much faster than normal size wood-based
panels reducing the amount of lifting required on the
construction site.

High and thin beams: energy efficient constructions

Straight and dimensionally stable; does not warp or twist:
improves construction quality

Dry from factory: minimal shrinkage in constructions
Customized product dimensions and shapes with minimum
'waste: applications in a wide variety of building types; savings
in material costs and time on construction site

Excellent strength-to-weight ratio: light structures

Great workability: easy to install, staple, nail, drill and cut
‘without special tools

Ductility of connections: improved safety

Strong and rigid in i i ular

‘to grain direction: better building quality with minimal
deformation, suitable for narmow supports

Mot sensitive to cracking under tension perpendicular to grain
strassed structures: safe connections

Bracing of different si i frame
material: applications in a wide variety of building types; large
‘window openings possible.
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1.2 Where can you use LVL
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Where can you use LVL

1 I [Pt ar qusen post ool &, LVLF puriing, multipls span: long
E&Blnmwn:m gt avalbisa
2 LVL columems: ft fogether with LWLroof 7. LVL-C bracing penats for maofs: Smpk
- e and mivst

o N o ! 3 WPand DL portalfames:brgs. 5. LVLP studs for high walks:siraight and
L LV ool edomanta: lang ot g -

avalals fol MUk & LVL It for docr and window %, LVLF hortzontal baarms foe waks: arge
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History, volumes and raw material efficiency of LVL

1.4 HISTORY, VOLUMES AND RAW
MATERIALS OF LVL

1.4.1 History of the globally used
engineered wood preduct LVL

Farallel oriented phywood prodects have beon used in the: fur-
niture indestry smce the begtnning of the 20th contery. The
hestory of LVL in Hs present form dates back 1o 1970 Morth
America and the research and development of veneer-based
woceden beams by Peler Koch and the USDA Forest Preducts
Laboratory. The fired commerdal solution for mamufacturing
VL. was created By Al Troutner of e company Tras-folst
[Weyerhacuser), In 75, Pinnish company Metsaiilon Teol-
Esuns Oy (Metsl Wood) developed the first commercial LVL

Figura 113 LVL-F baam and LWL L panaix

26.9.2019

prodection Ine in Esrope. Matsiliitio went on to develop s
own manufactering concept, which was ferther developed by
ameother Finnish compay, Reste (1, which 15 nday the kead -
g 1V machinery supplier workdwade. 1VIL production has
since grown continuossly and ioday LY. & mamefaciured in
fien countries on four conlinents with a tota] prodection capac-
ity of rvend 4 million cublc metres por year acrms 38 k-
thons. In addstion, a member of small plants produce LV, Bat
docs mot miet e requirements of structural LVLS,

3% eurofins

Expert Services
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1.5 Sustainable building with LVL

1.5.2 Sustainable over the life cycle

‘wood products ofier renewable and sustainable solutions for
comeiruciion. Wood 2x 2 enewable material has a lower glob-
al warmang Impact comparsd o alicmative, non-renewahle
butlding matertals. The infintie carhon cycle bebscen the 2
‘muaphere, growing trees and wood products destsngnishes ro-
nowablz wood from nom-rencwable materiak.

15z cyde mssessment (LA 152 helistic approach for as-
sesing envirommnental tmpacts throughout a product’s o gys-
temis e cycle, from extraction of raw materals 1o disposal of
the preduct. The principles of LOA b hoen internationally
agroed and sandardired with e 150 HO0 and 150 14044

throughout 2 e cyde. LA helps mamefcurers to idents-
fy opportunities io tthe: envirommenial and dimate
‘performance of a preduct and io inform cestomens and stake-
holders. LCA includes foer siops; defiming of the goal and
scope, Imventory of material and energy Sows, assessment of
mpacts, and iierpretation of resubis.

Emwironmental performance of buildings and
busilding products
The Earopean standard series Sustainability of Construction
‘works' (CENITC 3500 guides the ssesmment of the sustatna-
Eility of buikdimgs and preducts. The standard sories
e o enhance the sopply and domamd of products and bedld-
fmigrs ke Berwr: as Bow ervirommnizntal tmpact a5 possible. Emv-
ronmental assesement of 2 building 15 hased on the hife cpce
approach, in which cach of the different stages of the buildings
N cycle are tnchedod and asseesed {Pigure 1170

AL the preduct and soervice kevel, the onvirommental
product declaration {EPLY) apphies e e oycle assescment

datierent products with the same functional purpose a1 the
EButkding level. In the case of Ly, the comparison |5 most 2p-
proprizicly dome at the sructure type kevel, eg. structures with
ithe same load carying cxpacity and sitffness. The EN 15804
siamdard provides prodect criegory rules (PCR) for an emd-
ronmental prodect dedaratson for any constructson prodect
o construction service (Table 1.4). Bogonic carbon content

Table1.4 Lk cycla stagas of bullding ervironmental sssssment based on EN 15978

26.9.2019
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calonbation rules are provided in the B2 16485 stamdand.

The most used emvironmental indicator of FF1s is ghobal
warming polonifal (£WF), also kmown as carhon footprint. HEH
The GwWP roflects the amount of| A CISEons |
each stage of 3 products b cycke and i masnly the oatcome of
fossll fud use m e ras matertal sepply stage 2nd onorgy e
in the production stage (A1-31

Al the bullding lewed, the BN 15572 sandard provides sys-
tematic caloubation rules for the asssement of the emvironmen.

Hpﬂﬁnrunmofmmd.mmhﬂdﬂgjhmm

of wooden baildings derives from thesr
weighi (compared i other bullding materials), cnorgy
efliciency of matertals and buildngs, hiz-time carbom sorage
in wood, and their renswable and sustainable origin. wood-
en butldings typically achieve the same worvice tme as other
Tk, typically S0- 100 years. Up o 100 years or longer
service Hme s achiewable with proper design and optimized
‘mainicnamce.

Laa
'l’ CO C0:

-

{?} Energy I

Recovary Disposal
Reusa/Racycls -_FF"

Enel of e ‘
o B

= 1E

Construction

Miexdule O

Maintenance

Waste

Figura 117 L cyche apqarsach of buliding product Jscmment.
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1.5 Sustainable building with LVL

1.5.3 Global Warming impact of LVL

In the manufactire of 151, 2 large share of renewable eergy
s used (soe Figure 1.18), eselisng in lower fossil greenhouss
gas amissiors and global warming polenital compared Lo oth-
or etiding materialks. in addiiion, LV stores blogenic carbon,
wihich consisutes about one half of e dry weight of e wood
“Tisz Miogenic carkon remains in the LVL Sroughout s Eetme
wmtal # Is redeased hack o theatmosphene Lo be absorbed by the
mexnt generatson of growing s,
The glotal warming potential of 1YL when used tn 2
Joad heartng structurs of 2 butlding kax boen determined by
¥ 1L producens as fellows:
= faw malerials extraction and ergy mse are stmita m A
[erent production units, bul difizrent energy miscs are used
depending on the unit and country. Energy mix aticts the
greenbouse gas emisshone of the preduction sage (modeles
A1-3). Bogenic carbon coment i gihven separately.

= Comstruction slage (- 51 covens rensportation fo the Cen-
tral European market 2nd normal constrection works.

= Uise stage (B1 -7} i considored noghighle.

» End of B stage ©1-4 scenarios consider ubilzaiion of VL
25 3 muere of anergy.

= Module 3, other benefils, cripgmak: matnly fom the blo-en
ergy substiiulion effect, compared to typical local encrgy

WISE OF FENEWAELE AND WO N-BEMEWABLE
[PRIMARY ERERGY IN PRODUMTION STAGE

a pe o) oo p o) B o 0oa
i o cTrTRampton MLeT]

B o, e [l R 35 FERES

Fiqura 1. 1B Frimary anargy panawaok and non-ranawsiia) e n
e manufacturing sage A1 -AZol LWL 1 20

Hiogenic (lobal Warming Potenital is the sem of stored bio-
genic carhom in the prodection dage and nelese of hogenc
carbon in the end of B stage. The mum 15 dose ko zzro for e
wieole I cpcle.

Consobidaied resulis for fossil global warmang polenizal
show ihal the production siage (A 1-3) constSiies B8 of the
result (Figure 12D, The comstruction stage (A4-5) constitulzs
1, and end of iz tage (C1-4) constitules 2.5% of the fosi]
CIWE In mosdule D the WP bonedits are shown 2 the amoent

min, when LV used for binenergy at end of i of o] fucls sebstttuled by biommass energy.
GLOBAL WASMING FOTENTIAL [GIP) DF LVL hg 00 squiv.m?)
00
00
00
w0
B0
: 7
o Gi—
w00
=0
- W00
AL-A3 AEAT L (2 =] Totsl o
Poduct dage Cosstnxction  Ihovisge  Ondoflfe  jmocule D | Losdssnd benefity
azr ot ekl | pmdeyabem
bendary

1.5.4 Global warming impact of buildings

‘The Itz cpcle of a butlding cowers all b cycle stages from: ira-
dle Lo gra” as woll as, optionally, sl the benclits and loads
bepomd the bullding’s ke cpde. “Thee I cpcles stages are
presanted as modules A1-C4 4 D (Figure 117). The emron
manital perfommance of @ wood-frame bullding, and a con-
crole- frame beslding wers axsessed based on a peneric Finnish

16

buslding type (2 4-stoney nesidential boiking! * Y. The asses-
ment was done acconding bo the B2 15572 sandard, with the
spedfic asmmptione presentod in Table 1.5,

The: global warming potenisal of the whole ki cyde and
beyond is 798 kg COyefm? for 2 wood-frame bullding and
1822 kg C0am? for 2 concrele-frame butlding (Mipgare 1200

Tabla 1.5. Scenanos of 3 woodaen Fame buldingand & conoais frame buliding « =,

I-_'*Hhﬂgvr-h-

'II]II-!.HE:I_-'—-_.

1m!-.-|l—'- e
Sywtwn Boundery W ncluded arnballebes k] (UM, iy it
PP = e iy ﬁqﬂ'um-&“u
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- frmszel) painking mvery 10t yom-
o e | o 5 r - | £ o
Endefiia - ) L - el o - 9 ¥ e o
Beor dlnadab = ‘Corcrte carborimation Concrohs carborimation
¥ Wendt . M Wik b . N
baundery mcdude C v ¥ C b F
L o ratural gen errisicm. = ratural gan emisem.
GLRAAL WARMING POTENTIAL 05WF) OF BIALDIRGS (kg OOy s b ey
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Tl PG CENERETicy e g Ird of B s O s ad by
g o b [
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Fiqura 1.1, Exampis ginbal wanming potentisl of difsient o cpo stages 128
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1.6 Production of LVL

The LVL preduction process 1s sehiect bo strict quality stand
ards and zudited by srepecton Lo ensure the final prodect i
w2z bo use and meets the specficd end me regeirements. LVL
txmads by plutng and byering wood venoors to produce a ko
megencus wood pand. The process destributes any natural de-
fiocts in the: wiood raw material evenly throeghout the product,
dhiminating any indsvidml poinis of weaknes:, The followng
simphified producton diagram illustrates the 1V production
proces: tnside the mill

Veneer logs ame delteered from the forest to the mill at a
speciiied length. The logs ae debarked, conditioned, and ost

[Figura 1.21. Compeosition of LWL, from venear mat o cot-io-sks
panal

to biocks. On the peding ine, the weneor block 1s tumed o
produce 3 veneor mal. The green weneor s dipped o staz and
then dried, graded and compsed when necessary: Glee & then
applicd on the top side of each veneer and e veneers are stag-
gered fo form 2 LWL Billel. In hot- prossing, the plue cures and
Binds. the venoers together: Pmally, the formed LV panel 15
edge trimmed or out Lo stre feg. o a spectfic beam width) be

For ewery cubtc metre of LVL aboat 2.5 m? of logs. (moas
e orwer bark) are processed, which is 2 similar raw maierial
yicld o phpwood prodection. The LV production process thes
dalivers more by-products than fmal product. Mone of these
by-products go bo waste. They are sold and used in paip, e
Board and otier wood-hased products, fior energy production,
and for decoraifee purpesss. Glue residecs are rosaod inside
the mall.

1.6.1 Logs to blocks

T mamntan high roe matersal quality, veneer kogs e trams
porizd to the LV mill immedatedy afier harvesting. AL themill
e, e kg piks oo mprayed with waler 10 2vold drying and
aracking and attack by pestx.

By e
ET——

Fgura 1.22. Tha LWL procuction process

PRODUCT AND EV-FRODIACTS SHARE FROM LOG WILLME

o

Lo chips

Diving shrinkage
"oy canding
Sarerg dae
Lrap

M 1 15RO 20 W B AR

Fgura1_23. Log usa dlstribubion by widmee LVL 2nd by-products
#incl. shimkags and Domprassion mas]

26.9.2019

Fiura ] 4. Harwzsting of logs
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Figure 1.25. Pesiar biocis being [Fed trom & condition

or emarecs the bark down to the cambiom = that the blocks
ar free of Bask. Dering debarking, damage 10 e pocler Block
surface 1s carefally avosded, as the most valmile veneer qual-
Itics are obiatned from the owtermest layers of the wood der.
ing peeing

The condittoning increas the tntermal iemperature of the
hilocks and makes the wood sofier for peckng. Innorthern win
L comdsgions the logs ane thawed by scalking them in coeered
and heated conditioning chamibers.

1.6.2 Blocks to veneer

4 Jack-lndder lifis the hlocks one by one i the chasger for XT
centring. The bleck charger plays a key role tn optimizing raw
material utihization and the value of the vencer yidd. To reco.
er the maximum amoend of weneer from: e Block, the Bodk
15 aptimally alignod betwoen the [aike spindles using bagh pre-
isiom laser moasuremont.

In i fathe, the pocler block 1s rotated betwioon e spin
dles 212 constant speed while the kntl: carrtage moves Loward
the bk core. For LVL pre=Suctson, the typical nomanal thick
niss for sofiwond veneer 15 3 mon. Acconding o EN14374, e
maxtmuen ickness of veneers tn structural 1YL 15 6 mm. The
venzer 15 pecked thrvagh the gap Behssen the pecler leafe and
the oreerbaad nosz bar: The ek gap 15 smaller than the veneer
thickmess i ensere sefficent compression and high-quality

17
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1.7 Further processing

1.7 FURTHER PROCESSING

IV manufacturers offer frther procesing of e products
acconding o customer spoectfications 2 vakse- added sorvces,
This 1s dome efther directly at the mill o by seboontraciors

equipped with spacial machinery for L L. processing. The val
ue-added sorvices sve Uime and minimize wasie for the cus

\omer and on the bedlding sile.

1.7.1 Sanded surfaces: optical or

calibration sanding

semdard 1V & debrvered unsanded. B cn, however, be samd
od with two abernative spocficatione. The vissal apy =

1.7.2 Special cutting

V1. pancls or beams can be swn bo special shapes or snem di-

agorally toprodece tapersd beams or columns. Mamuicturers
mmay also have spectal cutting telerances for tatlored producs,
eg. of industrial cedomers.

of LWL can be smproved by optical sanding, which deams and
smoathens the surface By remioving dark glue dains and eqead
tring local colowr datierences of the veneers. sanding
«can bw-caried out on one: or both sides and reduces the thick
ness of the preduct by approcemaiely 2 mm {1 mm per sur
face). In visible applicatsons & must be noted that on e fonl
face of e 1¥ L memiber the scar- jotmts of the surface vencers
are plued with colouriess glue, beton the botiom side the scarf-
Joint ghue kne ts dark brown, smilar o the ghee lines betsaen
venerTs '

Another sanding treatment that cam be performed 15 2l
raison sanding for thidkmess calibration, which & carried oul
om both sde of the Lvi. Calibration sanding reduces the
thickness of the preduct by approstmately 3 mm {15 men per
serface) and the thickness tokeance afler calibration 1s + 0.5
mm. Unkss 2 non-transparent coating |s wsod on the serfaces,
alibration sanding i mot recommmended for vasible 2pplica
Homs because B cn sand through the surface vencens revealing

the: dark ghe bne, espactally in thicker products.
Thee noeminal mnded dimessions of the produc must be
used in st desigm cakoulations.

:zrﬂ.li..q:pwm of L¥L vanaar surtama 1. Unsanded fa0s
Dipbical sandad faca Soe. 3. Calbraton sanding revaalng
e charik glua Iinee.

e 'LAT. Frincipla of di 3l sawing of LVl penel fo producs
?gkwm:ﬁnmqﬁmmmasmWP;m

1.7.3CNC Machining

CHCmachining enables dllings, holos, noiches and end skop-
img of beamms. The mackining requines a geometry file of the
memibens from the cusiome, g a DWG drawdng at 141 sak
drzwn with cdosed Hines For cach dsti=ront type of member 1o
be machined.

18

Mind Weod

o Fmo

T 1AE. Hole in LV panois 1.50. Hoig Inan LVL beam
i

&% eurofins ‘
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1.8 LVL Iayups and Table 1.6. Nominal product thicknesses and layups of LVL-P and LVL-C.
standard sizes

Table 1.7. Standard sizes of LVL-F beams.

$¥ eurofins
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1.9 LVL tolerances

FAgure 1.60. Straight and accurate LVL-F beams.

1.9 TOLERANCES

The tolerances of LVL members are defined in FprEN
14374:2018 and depend on the member sizes. The tolerance
values are shown in Table 1.9 and the dimension definitions

in Figure 1.61.

Table 1.9. Maximum deviations from nominal sizes and nominal angles for LVL, unsanded and not pressure treatment (FprEM 14374:2018).

26.9.2019

t< 27 mm +1mm
Thickness t 27 mm < t < 57 mm +2mm

t = 57 mm +3mm

b= 300 mm +3mm
Width b 300 mm < b < 600 mm +3mm

b > 600 mm +0.5%

l<5m +5mm
Length / Sm<l<20m +0,1%

I>20m + 20 mm
Maximum deviation a of the right angles of the cross section, see Figure 1,61 1:50 (approx. 1,17

Figure 1.61. Dimensions of LWL b = width {H=height]), | = length, t = thickness. Amow shows the grain direction of the surface venear.
Bottom: Example of the angle a deviation from the right angle of a cross section of LVL.

&% eurofins
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CE-marking, certification and design tools

1,70 CE MARKING AND CERTIFICATION
OF LVL PRODUCTS

Structeral 1V bas ts own harmontred European Samdard,
EN 14374, which provides the basis for mandalory CE mark-
ng and Declaration of Ferformance (DoP) of Ly products.
‘Suciural dements g, stressed skin pancls made of LVL can
The CE maried hased on supplicr specfic Esropean Technicl
AmcsEmants (ETAL
Az gloed enginerad wood prodect for load -Bearing ap-

plications, strectural 1YL has high requirements for ssesc
ment and werification of constancy of performance (AVCPL
European Commission decishom 9571 76 Sefines AVCP S5
kem 1 fior strectural Lv1L. and the roquirements of the AVCF
Sysirem | are: defined in the corstruction megalations
(iR} of the Furopean Union (Regalison (U} 305201 1, An-
nex ¥ amended by Commisdon Delepated Ragulation (ELT
Mo 568720041, In e AVCP Sysiem | 2 notiied product coris
fication body dockdes on: the isumg, restriction, suspension or
withdrawal of the coriificaie of conslancy of performance of the
comstruction product on the hasis of the meicome of the follow-
Ing assessments and vertficatsons carmied out by that body 1=
» Anassssment of the perfomance of the comstruction prod

uct carried oul om the bass of lesting (incleding sampling]

i determine the bonding strength (glue bond qualttyl and

reaction Io fire of the product.
» Inatial smspectson of the manufaciuring plant and of faciory

ool

» Continuing sureellance, assessment and evaluation of fac-
tory producton conlrol coverng £, the esconsal srength
charadtieristics.

To il the requirements of AWCF Sydem I, LV1. manufac-

fbrors must carry oulk:

= Testing or aesoment of cssential characiericics redovan for
the tnicnded wses which @ declared dmodalus of dasticity,
hending stremgth, compression strength, tension srength,
redzase of formaldchyde and dumability)

= Faciory producion control

= Farier iesiing of semples taken 2 the mameficiurtng plant
Ty the manufacterer in accordance with the prosaribed test
phn

» Declration of performance (DoF) of the 1YL products

= CE marking of the LVL products

fior resticling pms descts are st al the national kevel.
130 Ps and CF marking provide harmontzed means of showing
compliance with thess roquirements with respect io the prop
erthes included within the scope of e harmonteed product
stamdands. Based on these properties the structeral [V prod-
s can Be destgnad tn acoordance with the Earocods deign
stameards wysicem for load-bearng struciures.

Nole: IVE prodiecs reaterd gpatest fire snd folgioal attack can-
ot be CE marked according ko EN 14372004, snoe the tret-
ments are carrently aod civded o the soope of the sandand

I¥1L prodects may also have other volunlary cortsficates for
propertse that are not incduded i the CF marking and DoPy,
such a5 bellding physics properties, emissions, or ceriain na-
Honally required design parameters. Examples of such certif-
ficales are the Furofms Produd Certtficaie, the M1 amission

centificatz tn Fnland, and Allgemeine Rzmangenchmigeng in
Germang.

Fgura. 152, Lat: Exampia of CE-man kbel In VL package, night: Exampis of CE-mark b In 1L product.

26.9.2019
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Figura 163, Dasign sofwara for VL struchres: Cakcults by
S'nﬁLEhru-n. Finrmvood bry Maba Wieod and portal of Bl objecs by
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1.11 DESIGH TOIOLS

LY. structeres are dedgned with smilar comgeter-aided de
sign (ool o other koad-bearing construction materials. Some
stractural cakoulation programs thal support Furocede compli
ant design sl inchede LVL product ihranies, but usually the
user meeds o enter the 1YL product- spediic propertics inlo the
softuare database. Examples of stracteral caloulation software
arz Autodesk Robol Structural Aralysts, Dlubal BF Timber,
Frile FBO4 1+ and Mk RoolconTrusson. Some of thar de
sign resulls, &g, suppsort reacion howewer noed tnbe
verified mansally 2 they do not include all of the LVL-spediic
‘parameters for EN 1995 (Eursode 51 The definition of LVL
strength classes in presduct standard EN 14374 will gesde sofi-
ware development in the feture. V] manefacturen: are alss
spediying the properties of thetr product brands indtidually
and aleo providing tailored caloulatson mitware, such ax Finn
wood" and Caloalaise®.

For bemic stractural drasings 21 design tocls mch 5 Au
\odesk AmtodZzd are commuonly used. More detasled LV]. com
poment sndormation cn be utilized with 30 beildng infor-
matson medeling (HIML In x332%0n to the planming phase
of the project, BIM sepports the whole batlding process from
cost and construction management Lo bty operation and
the whole hie cpcle of the butlding,. 1L suppliers have created
BAM Hbszrics of 1¥ L components for the Antodesk Reval, Ar-
chicad, ¥ertes BIL HSE Cad, Cad Works and Trimble Sketch
Up design sitware ervtronments, among others. The e
tes ame distributed, for example, wa mansfcturens’ websties o
portal program tocls such as Prodi 13, 14.

Disigm software can creale steeting fils for (240 ma
chines used for cutting 1v1. components (C2A%) in tmprove
the effidency of e whol: manufzcturing process. HSHCad
and Veriex B sofhwands, for insance, bave 2 stromg postson in
tniegrated chamn seppory, from destgn o -off she mamfacture.

The IR ke transier fomats 233 and 8ol support some
basic properties of enpinoered wood presducits and the next

1s tmportamt 1o be able to acmuraiely define thesr orientation

Mengthwisa, adgewise, flawise parald 1o arface vencor and
Mat acros the surface vencer) in the IRC objects.
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Basic properties of LVL

1.12.1 Strength and stiffness properties

LVL has homogeneous material properties, firstly, due to the
breakdown and uniform distribution of natural defects, such
as knots, in the product and, secondly, due to the etfect of lami-
mnatson, which further eliminates their impact. Strength grading
of the veneers also reduces variation within each strength class
of the product. This results in strength levels that are close to
defect-free wood for the highest IVL grades and, due to low
variation, the characteristic 5% fractal values used in structural
design are also high.

LVL-P has the highest strength and stiffness properties
parallel to grain. LVL-C has about 20% lower values parallel to
grain due to its cross-bonded veneers, but is stronger and stiff-
er perpendicular to the grain direction of the surface veneer,
properties which can be utilized in panel structures. Table 1.11
presents the basic mechanical properties of the typical strength
classes of IVL

‘The variation in bending strength and stiffness properties
for LVL is typically less than 10% compared to 12-20% for glu-
lam and plywood and 15-30% for structural timber. Therefore,
the characteristic 5% fractile values of non-LVL materials for
structural design are significantly lower 16, Table 1.12 compares
the basic mechanical properties of some common structural
wood products.

For more information on the mechanical properties of
LVL, see Section 4.2.

1.12.2 Building physics properties
Maoisture

LVL products are delivered from the factory at a moisture
content {MC) of 8-10%. which is close to the MC of service
class | end uses. This significantly reduces initial dimensional
changes due to moisture in structures if the members are
protected against weather exposure. LVL swells when its
moisture content increases and shrinks when its moisture
content decreases 2,

The extent of these dimensional changes depends on the
grain direction and the product type. Table 1.10. shows an ex-
ample dimensional change for & 3% increase in moisture con-
tent. [VL-C undergoes a much smaller change in beam height
because the cross veneers efficiently prevent movermnent in the
height direction.

Untreated wood surfaces are hygroscopic, meaming that
they absorb moisture from humid air and release moisture to
the surrounding air when the RH is low. This moisture buffer-
ing phenomenon may be useful for improving the indoor air
quality of buildings.

Thermal properties

LVL has a thermal conductivity A of ahout 0,13 W/mK depend-
ing on its density and moisture content, and a specific heat ca-
pacity cp of 1600 ]ikg K} according to EN IS0 10454

Thermal expansion of LVL is negligible and its dimensions
remain stable during temperature changes. Therefore, temper-
ature variation does not need to be considered in structural
design, unlike swelling and shrinkage due to moisture changes.

For further information on building physics, see Chap-
ter 8.

Figure 1.64. Dimensional changes due to increased moisture
content.

Table 1.10. Example dimensional changes due to a 3% increasa in moisture content (MC) %.

Length I [mm]
LVL-P Thickness t [mm]
Height b [mm]
Length ] [mm]
L€ Thickness t [mm]
Height b mm]

26.9.2019

BaBBul

50015 +1,5mm
575 +0,5 mm
2626 +2,6mm
50015 +1,5 mm
575 +0,5 mm
2603 +0,3mm

&% eurofins
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Table 1.11. Basic mechanical properties of commaon LWL strength classes,

‘Characteristic strength values, N'mm?

Bending strength edgewise, b = 300 mm [— o 27 32 0
Bending strength flatwise Fon ik 48 32 36 25
Bending strength flatwise perpendicular to grain £, o - - 4 -
‘Compression parallel to grain foan 29 n 2 15
‘Compression perpendicular to grain edgewise [ & 4 L] a
Tension parallel to grain fion 35 n 22 15
Shear edgewise parallel to grain [ —— 432 32 45 356
Shear flatwise parallel to grain Fouos 23 20 13 1,1
Size effect parameter sH 0,15 0,15 0,15 0,15
Mean stiffness values, Ni/mm?

Modulus of elasticity parallel to grain | = 13800 ] 10500 7200
I\ll'ri:tdl:llu:.u‘fel_asfn:ir).I perpendicular to grain in L B 2000 B
flatwise bending —

Shear modulus edgewise [ — 600 500 600 500
Density, kg/m?

Mezn value y 510 440 510 440
Characteristic value " 480 410 450 410

Table 1.12. Basic mechanical properties of comman structural wood products.

ch th values, M/mm?*

Bending strength Eai 18 24 206
Bending strength flatwise perpendicular to grain £ opu - - 128
Compression perpendicular to grain -y 332 25

Shear parallel to grain fr 34 35 35
Mean stiffness values, N'mm*

Modulus of elasticity parallel to grain [ — 9000 11500 3230
Mndu Iu_sofelasﬂcity perpendicular to grain E R B 1770
in bending —

Density, kg/m®

Mean valua B 380 420 460
Characteristic value -9 320 385 400

Finnish Woodworking Industries
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Section 2. LVL structures in floors, walls, roofs and in special
applications




540

LVL Beam & Joist floors

. Floor joist
. Rim board

. Blockings at the centre of 3 span

. Blockings at support

. Trimmer beam

. Staircase opening, trimmer connection
. Joist hanger connection

= h b B W R =

! COMPARTMENT FLOOR
STRUCTURAL LAYERS

i
2
Tl
a1

45300 LW, ol i 400

02 mm mineral wood beulthen
Suzpor batens oo 400
Fagllent bars ic 400
Flastaroar x 15 mm

[
Eo e L

&% eurofins
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LVL 48 P M)45T FOR RESIDENTAL FLOOR

ek span kangth [m]

Figure .7, Mcadsaun 220 kgl o LV 48 o ks o of resiciential fincrs. 2,0 kKH/m Bva boad, 13 BN partition load and
WM sl weight. Opthon has U Mim jolst Specing, 22 mm chipboend decking wihout ghuing and no Harmvers: brdngs Tha

awareed has transvesn bracing, glusd ek panel and 4545 o'c 400mm ooss Esman undarmeath tha fois Lowes? renural ressusncy

i, = 8 Hr and mepdmsms: daflection under Tel point koad s 0.5 - 08 mm dapanding on Se span kngth {Fl HA requiremsni for ENTREE-1-11
LVL 48 P main beams h =200 - 300mm for floors

40

N e 45%200

35 45x240
. e 45%260
§ 30 45x300
2 5 e 75%200
','g ——— 75x300
- m = = 2x45x200
i = = 2x45x240
fu
g 15 = = 2x45x260
o - 2x45x300
s 10
)

5

0

15 2,0 2i5 3,0 3,5 4,0 45
Maximum span length [m]

Figure 2.11. Span and capacity table of LVL 48 P main beams for predesign of floor structures. Calculations according to EN 1995-1-
1:2004+A1:2008 and its Finnish National Annex. The permanent load is 20% of the characteristic load kN/m2. The service classis 1 or 2 and
the consequences class is CC2. The rafter has lateral torsional buckling supports on the top surface with spacing < 600 mm and the loads are
located at the lateral torsional buckling supports. The support length shall be calculated separately. The initial deflection w;,g < L/400 and net
final deflection Wpecn < L/300. yy = 1.2. The table does not replace project-specific structural design. Double beams are calculated as separate
beams in lateral torsional buckling.
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Height of rib slab [mm]

Height of open box slab [mm]

Structurally glued LVL rib slabs
floor structures

LVLRIB SLAB FLOORS

475

T-section with 25 mm LVL 36 C top slab and

425 51 x 200-450 mm LVL 48 P ribs in 612 mm spacing.

385

325
285
250
225

00 10 20 30 40 50 60 70 80 90

Maximum span length [m]

LVL OPEN BOX SLAB FLOORS
Open box section with 25 mm LVL 36 C top
slab, 45 x 200-450 mm LVL 48 P ribs in 612 mm
spacing and 43x300 mm sanded LVL 48 P bottom
flange.
I
0,0 1,0 20 30 40 50 60 70 80 90
Maximum span length [m]
KIS .
<& eurofins
26.9.2019 Expert Services

Min, support length + &

|| Mn. support length + 4

25
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LVL Rim beamS and LintEIS LVL 48 P main beams h = 200 - 300mm for floors

40

45x200
35 — 45%240
45x260
30 45x300
—75x200

25
—75x300

- = 2x45x200
= Ix45x240
2x45x260
2x45x300

20

15

Characterastic load [kN/m]

10

4,5

&% eurofins ~
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Roof rafters

LVL 48 P ROOF RAFTERS, SNOW LOAD s,=1,5 kN/m?

. clc 600
. clc 900

clc 1200

A
o 1 2 3 4 5 6 7 8 9 10111213 1415 16
Maximum span length [m]

LVL 48 P ROOF RAFTERS, SNOW LOAD s5,=2,75 kN/m?

e ] X |
I m—— —
B e o S "iifi;ﬂ!‘!ﬂm

------------------------- NS A\
B e R TR
.j: ‘;‘::u i '.*w.*.'.'.':.n'.'.'r.'.'.'.'.'.'e.'.'.'.'.'.'.'.'.*.'.'.'4'.'.'i-.'f.w.'.'.'.'.'.'.'.ﬁ'e.'.'.'.'.'.'.'.':.'.'.'m' i‘ﬂﬂﬂgﬂﬂgﬁg&mf

I ok A | ‘ | | STRUCTURAL LAYERS
01 2 3 45 6 7 8 9 1011 1213 141516 1. Foohg | D
2, iem

Maximum span length [m] 3 dhiiom .
8

&% eurofins
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LVL Roof ridge beams

LVL 48 P ridge beams h = 200 - 300mm for roofs

s 453 200
35 — 45%240

Characterastic load [kN/m)]

4]
2.0 25 3.0 35 40 45
Maximum span length [m]
LVL 48 P Ridge beams h = 360 - 600mm for roofs
&0 s s e 454360
55 o e
0 ~ \ : 51x400
LY
~ ' —— 63x500
45 . ~
~ . 754600
40 » ~
i ~ - n45%360
G ] = = I51x400
g 73 - - 2M63%500

- 275600

-

Characterastic load [kN/m]
[¥1]
(=]

15 : -

20 25 30 35 40 45 50 55 60 65 70 75 80
Maximum span length [m]

&% eurofins
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LVL Purlins

29

Figure 2.36. Support details of purlins installed vertically or perpendicular to the roof surface.

e— |

&% eurofins

26.9.2019 Expert Services

Figure 2.37. LVL purlins installed parpendicular to roof surface. Bracing beams are needed in purlin width directions. A) Steel sheeting transfers
lateral torsional buckling support forces to the bracing beam B) Wooden batten side supports at the mid span transfer loads perpendicular to
the span to bracing beams.

(% Finnish Woodworking Industries
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Roof elements for hall constructions

—

Lapwall, Metsa

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

LAY

= el I A AT A A e T
11 e

l’*

[EERFigure 2.39. Cross section and detailing of roof elements with LVL purlins.

L ] -
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LVL-C Roof panels

N

Figure 2.43. IV1-C roof panel orientations. Left: single span and multiple span parallel to grain of surface veneers. Right: single span and
multiple span penpendicular to grain of surface veneers.

LVL 36 C ROOFING PANEL, SINGLE SPAN PERPENDICULAR LWL 36 C ROOFING PAMEL, SINGLE SPAN PERPENDICULAR
TOGRAIN, SURFACE STRUCTURE 0,20 kN/m? TO GRAIN, SURFACE STRUCTURE 0,60 kN/m2
75
69
= ]
g £
i 3 s LVL 36 CROOF PAMEL, COIRMER OVERHAME, SURFACE STRUCTURE 0,30 kRAm?
= =
B 2y
T T
i E 30 7
3 [ 5= nss kiimz E
H Calouations o
- B 5= 15 bime £ BN 19405-1.1: 3004412008 and|
5= 2,75 kN/mz b its Ainnish Hational Amner Service
4 = clans 3, Logcs: own waight of
1 1 | | | | 1 1 | | | | ‘! surfacs sineciung 030 o8
00 02 04 06 B8 10 12 14 156 18 20 22 00 02 04 06 08 10 12 14 16 18 20 22 50 KW 5, msnw koad on
Maximum span length [m] Maximum length [m] ground kewel 255, 1.5 o1 2,75 kHme
-3 - aret znow load! on ool vl
= 0305, Wind koad
wy = DARNTI; i ntanance load

= 04 kAT, Foint inad am not
‘fakon inbn et Maflorsinn imE

L ] -
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LVL-P for timber frame wall
structures

\

Wl amcka
— 1 — 1. Int=grated rim
~ HH - baam notched
o the wall studs
transfeming loads

firom noof structures
o the load-bearing
shads,

CLE

ATRNCTURAL LAVERS

e L]

i el e e o 8wl

By 3wl o ¢ ol

i, dal N 0 1 0 ] elemieke
bW T

- i

.

bl

2 Him beam edge 1. Ledger £

binder of the floor supports t
joists prevent them floce struct
from tiltng and when wall
transfer loads from are more H
the upper structures ore storey
o the studs below

Mct= at the same time

T T 25 2 liniel, carrying P
thiz loads above a

wirdow opening.

3 Lintel camying
loads abowe a
wirdow opening.
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LVL-C for panels bracing

I
Fguara 271 Multiple-gusd GVLC Bracing miumn

i

|—I—I—I_I_I_I—| |.i,*

B T T

FAgars 1.73. Robu? LVL-C hracng pans integratad iniz the wall Sucum.

Table 2.1. Characiernsic maoiing koad capadiy F

pangl B 3.0 . The disancs batwssn th frama s vt b miong than B pans wide,

[] of LML 358 pancis nailed 1o Ll 48 F rama for predegr. Thio holgiet of ol 36 C

V200 mam 2400 mm
Ml spacing at pand sdges [mm] 150 100 75 150 W =
Mall spacing at cantre studs mm] 00 0 150 300 0 150
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Tahio 2 2. (harsciarkiic 03] C2aCy Fiyy g M) £ LVL 350 pansls riallad fo 4 frami for pradesign. The haight of tha LWL 36 C pancl 15
3,0m. The distances befwean tha Trama suds shoukd not be mon thar the panel width.

1200 mm 2400 mm
Hiail spacing at pansl adoas [mm| 150 100 3 15 100 TS
Hiail spacing at canitra studs |mm) 300 0 150 oy 00 150

34 2,150 33 49 L1 a2 m 16
I 25060 a4 BA 28 105 ] n
x| 28530 53 i ms 13 " r
a5 RS 82 24 i 15 s n
3
H
i Fumall 'L 3T rm [T Pl Eam
] £ H
|
iy M TR ERb [TECEH
= k L. n - b .. E
+ + o + s + it
Bem Famaf P comed & Wy
|
L__ e
o l.-l-ll='|_
+ -- + -— t —-- + --- t ._1'
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Fliqura .74, A wail clapiragr mac with 27 mm LvL 35C pands, 15 mim phwocst panats and 9 mm piasterboand pancts have squal capacty.
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Section 3. Purchasing, transport,
handling and storage of LVL

Practical info about how to specify, order,
process and take care of LVL

<+ eurofins .
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Section 4. Structural
design of LVL structures

Design based on Eurocodes

Material values and explanations
of LVL specific features

Equations
Diagrams
Tables

Drawings
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New European strength classes

Table 4.6. Strength classes for structural LVL-C with crossband veneers 15,

Strenght class
Ll Ll Ll
* Launched in LVL Bulleting of the industry o Symbol___um WIC WLBSC_MLIBC Wik WL7oC WLTSC
Edgewise, parallel to grain con oy & "
{depth 300 mm) L Nfmm 19 20 23 32 54 &0
e 5l for LVL-P '
ciasses 1or - E;f;ﬁ Flatwise, parallel to grain Fromas Nfmm? n 5 2 36 70 75
Size effect parameter 5 — 0,15 0,15 015 015 015 015
Fatwise, perpendicular to grain | Spo—— Mfmm?® MDDV = MDV 7 B 32 20
* 6l for LVL-C .
classes 1or - v
Parallel to grain rermay - c
oo 000 s ] Mfm 14 15 18 2 45 51
Taision flengt mim)
strength <SSR T
Z;Ei:.:ular to grain, k] Nmm? 4 4 5 3 16 a
Table 4.5, strength classes for structural LVL-P without crossband veneers 15,
:IZI:SII;EI to grain for service 18 18 18 % 54 64
Strenght class En e =
Property* Symbol  Unit  LVL32P LVL35P LVL48P LVL50P LVLSOP Foip semuiee class 2 accowiag 1o 15 15 15 2 45 53
EN 1995-1-1%
51
Edgewise, parallel to grain (depth 300 mm) Fpsdgak N/mm? 7 30 44 45 75 7 : T TR X
. . ompression | Perpendicular to grain, o -
;E:::;:E Flatwise, parallel to grain Frnsak N/mm? 32 35 48 50 80 strength edgewise Fostimcguk Nfmm® 8 8 9 ] 45 23
Size effect parameter s - 0,15 0,15 0,15 0,15 0,15 . el N
erpendicular to grain, H
S Parallel to grain (length 3 000 mm) fax N/mm® 2 2 35 36 60 flatwise (except pine] Fropus M 10 10 22 22 L 35
strength Perpendicular to grain, edgewise fi0sdgak N/mm? 05 05 08 09 15 N E
- - P menciila e, e NmmE MOV MDV « 35 35 . .
Parallel to grain for service class 1 i — 26 30 35 42 &9 flatwise, pine
fmm’
For service class 2 according to EN 1995-1-1° e 21 25 29 35 57 Edgewise parallel to grain Fonmgi Nfmm? 15 16 45 45 78 78
n?;';';fs"’" Perpendicular to grain, edgewise F.sosdges N/mm? 4 3 6 85 14 m!‘] Ene“mh Flatwise, parallel to grain Fonnas Nfmm? 1] IR 13 13 38 38
Perpendicular to grain, flatwise (except pine)  fsofaax Nfmm? 08 22 22 35 12 Flatwise, perpendicular to grain Fesommt Nfmm® MOV MOV * 06 06 MDV = Mov*
Perpendicular to grain, flatwise, pine fesofatipina N/mm? MDV = 33 33 35 29 Parallel to grain, edgewise [Eopcagamean™ Nmm® & 700 7 200 10000 10 500 11800 13200
T Edgewise parallel to grain Fupadguk N/mm? 32 32 42 48 8 Parallal to grain, edgewise Enpeagax” Nfmm® 5500 & 000 8300 8800 10900 12200
strength Flatwise, parallel to grain funsan N/mm?® 20 23 23 32 8 Modulusof _Perpendicular to grain, edgewise  Ewpagemmn’ Nfmm* MoV MOV ¢ 2400 2400 MOV MoV
elastici L 3 e E n frm? oy = P c c
Parallel to grain Fanaan® N/mm? 9600 12 000 13 800 15 200 16800 S Perpendicular to grain, edgewise  Euege i MOV MoV 2000 2000 i L
: R - FEEET ) oy e . : :
Modulusof  Parallel to grain Eoxf N/mm? 8000 10 000 11 600 12 600 14900 Perpendicular to grain, flatwise Ermm et rmen N/mm MOV MDY 1200 2000 MoV MDV
S " i, fatwi c PEEErY MOV« . [ <
elasticity Perpendicular to grain, edgewise Econpagameand  N/mm? MDV= MDV = 430 430 470 Pempenchoular o yrain, fisbwi 2 e B4/ Moy Loid e i, MO N
i i i tog! s00'
Perpendicular to grain, edgewise Econedgax" N/mm? MDV = MDV = 350 350 400 Edgewise, paraliel to grain Gurcspran Mimar) = ol e £00 e ey
Edgewise, parallel to grain G pdgaman N/mm? 500' 500' 600 650 760 Edgewise, parallel to grain G okl Sl bl A} 00 L 50
7 = Flatwise, parallel to grain Gy Nfmm?® 70 70 a0 120 430 430
Shear Edgewise, parallel to grain G pdgak N/mm? 300' 350' 400 450 630 Shaf_', L N e =
- - Flatwise, parallel to grain Gapas Wfmm® 55 55 50 100 80 380
modulus Flatwise, parallel to grain Gofst man N/mm? 320' 380' 380 600 850 = = =
: - Fatwisa, perpendicular to grain | S P— Nfmm® MDDV = MDV 22 22 MDV« MDW=
Flatwise, parallel to grain Gupaex N/mm? 240! 270" 270 400 760 T = - 3
Fatwise, perpendicular to grain Ganas Nfmm MDDV = MDY - 16 16 MDV« MDW=
. Brnizan kg/m® 440 510 510 580 800 e
Density : S — kg/m 440 440 510 510 800 800
o kg/m 410 480 480 550 730 sity = kgi a0 an 250 280 730 73
z = 5 = z
: Cdldltlonal sfler;gth, st;l;e_ss;nd fiencsl{aty properties not cqveledl by the classes given in this Table may be declared as individual values e i e e e e
alue may also be applied in Service Class 1 as a conservative value . ® Value may also be applied in Service Class 1 as a conservative value
¢ Property is not expressed as strength class but rather as individual manufacturer’s declared value (MDV) © Property is not expressed as strength class but rather s individuz] manufacturer's declared value (MOV)
4 (Class not produced from pine 4 (lass not produced from pine
* Cowering Eugadgemean, Enman, Empatmcan, 30d Ecopmaan ® COVEring Erasgsmen, Eitmean, Erutimn, 301 Examesn
¥ Cowvering Enpedgak, Evnk, Enofia and Ecnx " Covering Eapeepes Byx Fmonay, and Fopy
9 Also covering Evonedga mean 3 Covering E, E and E,
" Also covering Eronedger P COVENNG Ernstiscigek, Eistmigas O E.stmigar
! Property need not be tested if all other properties meet the minimum values for the strength class ' Property need not be tested if all other properties meet the minimum values for the strength dlass
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Example: Compression in perpendicular to grain

The effective contact area perpendicular to the grain, A
should be determined taking into account an effective contact a ! i
length parallel to the grain, where the actual contact length, I,

at each side is increased. | 111
Eurocode 5 does not include the parameters ko and A4

'
1
for LVL in different orientations. The value of k_g, should be 1
taken as 1,0 for LVL in the edgewise loading direction. For LVL _ :-':
1
1

in the flatwise loading direction, k. gy = 1,4 maybe used, when
the distance £, = 2h '°. The contact length and width may be b
increased according to the Table 4.7, but not more than a, £ or
#,/2, see Figure 4.11. LVL suppliers also have their own tailored i 4
instructions that may give more favourable design results. |

The increased contact length and factor kg, are less fa- 1]
wvourahle for LVL in edgewise direction, than in the flatwise di-

)
rection or compared to other wood products have, due to the |
failure behaviour of the products. LVL in the flatwise direction, — :.l:
solid wood and glulam have ductile behaviour under compres- !
sion perpendicular to the grain. LVL has high strength values TLTAf : b
in the edgewise direction f; s sdgex = 6-9 N/mm?. However, it M —-

breaks in a more brittle manner, see Figure 4.13. Figure 4.14
shows a calculation example for an LVL beam supported on
an LVL sole plate.

Rgure 4.12. (a) Compression F_x of a sole plate (b) Compression
F g OF beam on supports (EC5 Figure 6.2).

Table 4.7. k_ s-values and increase of the actual contact length for the design of compression strength perpendicular to the grain of LWL 15,

Edgewise compression strength Famers 10 15
Flatwise compression strength Foonsiak 14

— parallel to the grain of the surface veneers 30
— perpendicular to the grain of the surface venesrs 15

* One-sided or two-sided increase of the actual contact length, but not more than a, | er b /2 according to EN 1995-1-1.

Compression perpendicular to grain testing of
IWL-C in edgewize and flatwise directions

[y

| —— LVLL adlgeise
IJ' | VL Narwi

Lo F N]
E B B K E K &
i

4 L_‘___,__._.—,_._—

[] or 04 0E i 1 12 14 18
Dafarmation [me]

Flgure 4.13. Exampla of LVL-C specimens in compression perpendicular to grain testing. In the flatwise direction LVL-C axhibits a ductile
behaviour. In the edgewise direction orientation LVL-C is much stronger and stiffer, but undergoes more brittle failure due to buckling of the
VEneers.

&% eurofins
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LVLAB P 51 50 15 3315 6.0 Lo 20
VL36C 51 30 15 3315 %0 1.0 30
Product Contact Contact Increase In actual Effective contact  Compression Kepe Characteristic bearing

type widthh  length!  contact length parallel area strength H

[mm] fmmi] and perpendicular b Aw =540 +iBE) [T Fox = A - Koo - Frommgen

[mm] Imime] [M/mima) [k}

LVLABPor 50 5 h=30,L=15 6315 22 14 195

36C

IVLABPor 50 51 h=30,L=15 6315 33 14 25

36C of pine

c24solid s0 51 h=30,k=0 5550 25 1,25 7.3

wood

Figure 4.14. Example of an YL beam supportad on an LVL sole plate. Effactive contact area is increased by 15 mm in the adgewise direction
on the beam and separately by &0 mm (2530 mm) in the length direction and 15mm in width direction on the sole plate.
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Section 5. Connections

e Supplementary
information for Design
according to Eurocode 5

Fguirg 5.2. Edgewise jedge faoa) and Nabwha owida facn
eenation and isading typas of comnections. Fy ane fores of
ada by b and F g aie forss of ey keaced conmections .

e Connector spacings, end
and edge distances at

! sl edgewise and flatwise
I | connections
i .
T e LVL-P and LVL-C properties
L * Nailed, screwed, bolted
R IR B (1 - g s and dowelled connections
@ I 1 % ] B | with some capacity tables
EIE] afs
lli' * Inclined screwing
R * Design of wood failure
| | modes.
&% eurofins ‘
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Example pages of the LVL connection design section

5.5TRUCTURAL DESIGN OF CONNECTIONS

Tabde 5.2. Maximum nail and screw size d [mm] for edge face (edgewise) connections

24

P}

3a
51 mm 356 8D BS G4
57 mm 41 a0 95 m
63 mm 45 a0 105 78
&3 mm 49 80 ns 86
75 mm 54 80 120 34

Table 5.3. Minimum spacings, end distances and edge distances for bodts and screws with max outer thread diameter =12 mm with pradrillad
holes 32, Note: EN 1995-1-1:2004 (Eurocode has a limit of def < & mm which corresponds with @ mm outer thread diameter.

LVL-P | GLVL-P or

LVL-C [ GLVL-C edge face LVL-C [ GLVL-C wide face

Spadng o {parallel o grain} rza=360° (4+3|msal jd* ad
Spadng a; {perpendicular to grain} 0r<a =360 ad ad
IDistance dy, (loaded end) 907 == 507 max (7t 105 mm) = max (4d; 60 mm) =
IDistance @y, (undoaded end) oFza<150” (1 +6sinald ad

150° s a < 210" 4d ad

N0 =a< 2707 (1+6smajd ad
IDistance ay, (loaded edge) o=l max [(2 + 2 sina) o 3d] max [{2 + 2 sin a) : 3d]
IDistance ay, (unkoaded edoe) 180° < a = 360¢ 3d 3d
= d If Va /(a3 [cosalid
B minimu 7d for d < 15 mm if fee Is musttiplied by ax: /105 mm

adfor d < 15 mm If fq, 1s multiplied by g,/ 60 mm

Side member

LVL-C / GLVL-C wide face
Middle member
LVL-F, GLVL-P wide face LVL-C | GLVL-C wide face LVL-B, GLVL-P oF LVL-C wide face

@ (spacing on cirde) 6d 4d 5d

@ (spacing between circles) 5d 4d sd

au{loaded end) &d ad &d In middle membar
4dn skde member

ay {loaded edge) 44 3d 4dn middle membar

3din side member

148 1o Handoook Europe

&% eurofins
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where

Jaxcax 15 the characteristic withdrawal strength parameter
for a screw at the head side member of the connection
at an angle ¢ to the grain direction [N/mm?];

faxzax 15 the characteristic withdrawal strength parameter
fior a screw at the pointside member of the connection
at an angle ¢ to the grain direction [N/mm?];

d is the outer threaded diameter [mm];

Iy is the penetration length of the threaded part in the
head side member [mm];

[ is the penetration length of the threaded part in the
pointside member [mm];

fimsy 15 the characteristic tensile capacity of the screw
determined in accordance with EN 14502 [N];

Jhead 15 the characteristic pull-through parameter of the
screw for the associated density pa [N/mm?2];

dy is the head diameter [mm)];

. is the characteristic density of LVL [kg/m®]: and

Fa is the associated density for gy [kg/m3].

When the screwing direction in the beam is £ = 907 to the grain
direction (even though the angle f is indlined between the edge
face and the wide face), it is not allowed to add the tension ca-
pacity of the head to the withdrawal capacity of the treaded
part in the beam. Therefore the characteristic withdrawal ca-
pacity Ry of the screw is calculated by the equation:

(max (funu dlgys foeadidf (?}"]

Ry = min i Famptilss (535)

Frens):

The withdrawal strength f; . ; is determined by testing accord-
ing to EN 14592 and EN 1382 or it can be determined at angle
£ to the grain as follows:

kax - faxon (ﬂk)“

Foex = Tcorp + sinof oy (5.36)=
where
£ is the angle between the screw axis and the grain

direction, £ 2 15% see Figure 5.12;

B is the angle between the screw axis and the LVIs wide
face, with 0°< § < 90°, see Figure 5.7

k,  inaccording to the equation (5.29)

Pr is the characteristic density of LVL [kg/m?];

Pa is the associated density for i,y [kg/m?]; and

fixsox 18 the characteristic withdrawal strength parameter
for a screw perpendicular to the grain direction
[N/mm2]. It is determined by testing according to
EN 14592 and EN 1382 or for screws in LVL. it may be
assumed as fiy 50 =15 Nfmm?® for p, = 500 kg/m® and
screws 6 mms d < 12 mm in softwood LVL/GLVL 32,

Tension screwed connection
In a joint consisting of only screws in tension, contact between
the wood members is required. Tension screw connection

5.STRUCTURAL DESIGN OF CONNECTIONS

E
m

.

N
/N
|
N\ [+—

RN

g

! |

|Figure 5.12. Inclined screwed connections (A) cross screw
connection (B) tension screw connection

should not be used in conditions where wood drying could
«cause a gap of over 0.2d. The gap is determined from the wood
shrinkage at a thickness of the LVL members in the screw
length (L - sin a) .

The characteristic load-carrying capacity of the tension
screw connection, see Figure 5.12 (b), is calculated by the equa-
tion:

Ry=n9 Ry (cos e+ p-sing) (5.37)

where

n  is the number of screws in the connection;

Ry is the characteristic withdrawal capacity, see (5.35);

a  is the angle between screw axis and the shear plane
(307 < a < 607}, see Figure 5.12 (b); and

@ is the kinetic friction coefficient between the members,
the following values may be used:
0.26 for untreated LVL edgewise or LVL to timber or

timber-to-timber connections

0.30 for steel-to-timber connections
0.40 for untreated LVL flatwise connections

M Hencbookurpa 155
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Example: 133x400 mm GLVL-P beam in 30 minutes fire ex-
posure an all sides:

Section 6. Performance of LVL in fire

mm
deg = B £+ Ko dg = 0,70 - 30min + 1,0- Fmm = 28mm

he effective cross section:
133 mm - mm = 77 mm
Height h: 400 mm - 228 mm = 344 mm

Design value of bending strength for LVL-48 .
300mm) ¥ N
w)

o fmp L _ b
o 10 SATA—

Fman= kmods

When LVL-C panels are exposed to fire on one sids, the
one-dimensional charring rate f, i used for calculation of the
effective pancl thicknesses. Table 6.2 shows the thicknesses af-
ter 1, 30 and 60min fire exposure. I is recommended that the
effective thickness has at least ane cross veneer. The valucs are
thus shown for cases where the effective thickness is at least
9 mm.

Figure 6.9, Effective cross section
after 30 min fire exposure

Table 6.2. Effective thickness of LVL 36 C panels after 15 - 60 min firs expasure on one side.

LVLC panel 2
Original thickness after 15 min after 60 min
[mm} Imm] [mm]
z 12 = =
£:) 18 - -
9 24 n =
a5 30 18 3
re combustible ma- Reaction to fire requirements are specified for wood sur 51 EL u -
temperature of 270 faces to control the risk of flame spread in buildings. They = = = o
st boundary conditions for the use of visible wood in dad- a P 2 7
dings and structures. In some cases fire retardant treatments & 5 2 3
or sprinkler systems can allow more visible wood structures to 75 &0 a8 20
be used in architectural design.
‘Table 6.3. Minimum thickness of LVL 36 C panel to.give  fire exposure % for an underlying
of of
1g to the structural 6.2 REACTIONTO FIRE Resistance to fire requirement R ILVL 36 C panel protecting timber LVL 36 C panel protection spplied
ring creates a char In the European classification system defined in EN 13501- I n-:.u- mﬂm""ﬁ—
thar layeracts asan 1, the reaction to fire performance class of IVL is D-s2, do. = = =7
nd protects the rest This class can be applied to IVL without further testing when e 3 1
it, the high temper- the density is at least 400 kg/m? and the product thickness is = - 46
and stiffness prop- 2 18 mm (Buropean Commission Delegated Regulation (EU) =
= Figure 63, which 2017/2293) 7. = 6.4.4 LVL-C panel as a protection against 6.4.5 Summary of LVL-C panels for fire
e design. fire exposure protection
~C panel thickness is according to Table 6.3, the “Table 6,10 specifies the minimum thickness hp of LVL-C panel
i rtain fire ‘when used as a covering with fire protection ability for the un-
P P ons of the derlying materials {column A), fire protection of the structures

zone the temperature is below 100°C3,

Figure 6.2, Temperature gradient in burning wood, The tempersture drops significantly behind the charring layer. 15 mm fiom the charring

&

L (100 0,50)

~

N | Telaal

(10e;0.35)

Felaive mosulus of elastoty

Q 50 100
Tamparanira ['G]

——— Compressian
a8 ~ Tension
Shear
08
§ oat
z 02T
[} +
o 50 100 150 200 250 300

Tamperaturs € FC]

Figure6.3. Influence of temperature on the mechanical properties of softwood. Left: Reduction of modulus of elasticity parallel to grain, Right:
Reduction of strength parallelto grain (EN1995-1-2:2004, Figure B4 and BS).

26.9.2019
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2 are not needed unless the panel
is a part of the load-bearing system also in the structural fire
design. In the case of timber frame assemblies, the IVL-C pro.
tection panel thickness hpl [mm] is calculated for the required
fire protection time t based on EN1995-1-2, equation. (4.1) and
(CNor(D3):

Minimum panel thickness i, = fy- (H4min)+7Tmm  (6.5)

When the protection panelis applied directly on beams or col-
umns, the protection panel thickness fy; [mm] & ulated for
the required protection time t based on EN1995-1-2 equations
(4.1) and {3.10}

{column B) or when used as a ceiling structure which has a fire
resistance requirement EI {column C). All of the different fire
protection specifications also have requirements for the detail-
ing of, e.g.. joints between the panels.

Minimum panel thickness fipz = fy - 1+7mm (65)
A B L
I ' f ' \ '
e v
Be—— ¢
b 8
=
Increase 2
250°C E
(max 270C) -g

by
=

Panel 35 K; classified covering

¥

Panel as fire protection

Panel as ceiling with El requirement.
!

¥

K210, when i, 2 15 mm

Fire protection for 15 min,

Insulation time t,. = 15 min,

when b, > 18 mm whenhy 2 18 mm
Fire protection for 30 min, Insulation time .. =30 min,

L il i AT i b
Fire protection for 60 min, Insulation time t,.. = 60 min,

) when k. = 49 mm when h. = 65 mm

("I

l,
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- I e Section 7. Durability
= [ | * Use classes and service classes
s e Service life of wooden structures
* Biological durability
| | * Durability of adhesive bonding
* Chemical durability
{  SC1 {moisture insulation undemeath) |—803 ® Chemical WOOd treatment
_ — 1

L ] -
3% eurofins
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Mean equilibrium moisture content of softwood LVL, t =20°C

Molsture content MC (%)
-
i

- e 10
3 o ]
i o 10 20 E 40 S0 &0 70 20 %0 100
e
& Relative humidity (RH3)

Moisture absorption and desorption of softwood LVL, t = 20°C

30
Table 8.1. Swelling and shrinkage factor aH for LVL products in % _lﬂm“mle /
per 1% change in moisture content below fibre saturation point. o
Note: due to its cross band veneers, LVL-C undergoes much less z T Desorptio /
dimensional change in the width direction than LVL-P (FprEN g
14374:2018). é "
g ."'////
& & E] L —1 —]
Dimension LVL-P LVL-C Yo 10
= /j/,———ﬂ";:-"
Thickness t 0,32 0,32 : —
Height h (or width of a panel) 0,32 0,03 o
0 10 20 30 0 50 0 70 30 50 100
Length/ 0,01 0,01

Relative humidity (RH3%)

Table 8.3. Water vapour resistance factor p and water vapour diffusion coefficient in air &; of softwood LVL.

Water vapour resistance factor p [-] Water vapour diffusion coefficient in air 6p [kg/(Pa-s-m)]
Density pmean Dry cup Wet cup Dry cup Wet cup
440 kg/m3 180 65 0,73-10™ 23-10™
510 kg/m3 200 70 0,96 1012 2,7-10M

The dry cup values are tested in 23°C - 0/50 RH % and apply when the mean relative humidity across the material is less
than 70 %. The wet cup values are tested in 23°C - 50/93 RH % and apply when the mean relative humidity across the
material is greater than or equal to 70 %.

4¥ eurofins
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Section 8. Building physics

* LVL and moisture

— Moisture content in
different relative
humidity conditions

— Dimensional changes due
to moisture

— Water vapour resistance
* Thermal properties

— Thermal conductivity

— Heat combustion

— Influence on the
mechanical properties

e Airtightness
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Section 9. Calculation
examples of LVL structures

a U1 A W N B

7
8
9

LVL 48P joist floor

Lintel over a window opening
Double LVL 48 P ridge beam for roof
Roof purlin

Wall stud

Axially loaded screw connection at the
edge face

Inclined screw connection
Laterally loaded nail connection
Hole in LVL beam

10 Bracing of a stud wall

11 Main beam of roof structure in 30min

fire exposure

fl) Finnish Woodworking Industries



Calculation example:

Inclined screw connection between an LVL ledger beam and studs

9.7 INCLINED SCREW CONNECTION

A canopy over the entrance of a one family house is planned to be supported to the external wall by a 513200

mm VL. 48 P ledger beam. The beam is connected with indined screws in 45° angle to the edges of 51mm
thick IVL 32 P wall studs which have spacing s = 600 mm. Line load from own weight g is 0,3 kN/m and im-
posed load from snow gy is 3,5 kN/m. Service class 5C2.

T

Loading combinations
The most critical ultimate limit state (ULS) load combination for each connection between the beam and
stud:
Ey
Ey,

(ya g+ yo- g
=06m-(1,15-0,3kN/m + 1.5 -35 kN/m) = 34 kN

Note: Safety factors y; and yg are according to Finnish National annex of Enrocode 0.

Screw properties
Size 6,01 40mm full threaded screw
Threaded length I =123 mm
Unthreaded length I, =17 mm
Head diameter df, =12 mm

Tensile strength fymns = 10 kN, determined in accordance with EN 14592,
Head pull-through strength fipqp = 13 N/'mm2, when p, = 350 kg/m?

Modification factor kmod for medium-term load, $C2 =08

Material safety factor ym for connections (default value in EC5) =13

St euro

26.9.2019
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Geometry conditions:

Minimum distance to edge g; - in stud = 4d = 46,0 mm = 24 mm. Stud thickness 51 mm/
< Screw size 6,0x140 mm is OK for the stud

Min. screw spacing &y in stud = 104 = 60 mm

Min. screw spacing &; in beam = 5d = 30 mm

= @, in the stud is more critical
Distance to edge of the beam a;,
/2 = 75,5 mm gives the minim

= 44 = 24 mm. When the screwing angle is 45°, the beam thickness
1 distance.

Maximum number of screws in the connection:
(Ppegm - 2 - minaypg) (200mm-2- 355mm)  149mm

= = + =279
(min &y 4 / 5in 45°) {60 mm [ sin 45°) 85 mm

1+

< 2 screws are chosen for the connection, so that the heads of the screws are 20 mm and 110 mm from
the bottom edge of the beam.

Minimum distance to the beam end a, o; = 10d = &0 mm. Therefore the end of the bean shall exceed the
stud edge.
Effective penetration length [, in ledger beam is

i _ b _Slmm _
legy =1ga = m—]u Sy 17 mm =55 mm
Penetration length in wall stud Igz = I ——2= = 140 mm — 2222 = g mm
: h B2~ " gnast T a5t

For the beam the angles in the connections are: & = 457, f§ = 45° and ¢ = 90° and for the stud they are:
a =45 f=0"and ¢ = 45°.

200

|
L L
i S G A
|

51

Connection capacity
The characteristic load-carrying capacity of the tension screw connection, see Figure 5.11(b]), is cal-

culated by the equation:

Ry=n' Ry (cos a+y sin a) (5.33)

~

46
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Calculation example: Roof purlin

9.4 ROOFPURLIN

Single-span purlins of the roof of an unheated (service class 2) portal frame hall are 45x240 LVL 48 P beams.
Roof angle s 15% span length is L = 4000 mm, spacing s = 900 mm and the purlins are perpendicular to the
roof plane having a side support line at the middle of the span. Support length is 45mm. Snow load s is 2,5 kN/
m? and own weight of the roof structure is 0,30 kN/m2. For simplification there is no wind load in the example.
The purlins are connected to the sides of the portal frame beams and they act also as lateral torsional buck-
ling supports. Therefore the purlins have an axial load of Ny = 3 kN mainly from snow load. Service class SC2.

Gtk

Beam properties:
Bending strength odgevise fmasie
Bending strength flatwise f g1
Shear strength edgewise fcdgek
Compression parallel to grain f, g scox
Compression perpendicular to grain edgewise f{ o rage
Modulus of elasticity E;,
Modulus of elasticity Ey mean
Modulus of rigidity G sdges
Modulus of rigidity G, .z men
Area of cross section A = b-h
Section modulus W,
Section modulus W,
Moment of inertia I, = b-h3/12
Moment of inertia I, = h-53/12
Torsion moment of inertia I, = 0.3-h6°
Moment stiffness of the joist Ef, = 13800 N/mm?. £,56-10¢ mm = 7,15-1011 Nmm?2
Shear rigidity of the joist GA = 600 N/mm? - 40800 mm? =648106 N
Modification fsctor Ko ko mediin term, SC2
Modification factor kg for SC2
Material safety factor yy (default value in EC5)
Size effect factor ky, = (300/240)%'* = 1,034

=29 N/mm?
=6 N/mm?
=11 600 N/mm?

4,32.105 mm?3
,10-108 mm?3
,18-107 mm?

Loading combinations

Own weight in z-direction g » c0s15% - 0.9m - 0,3 kN/m? = 0,26 kN/m
Own weight in y-direction g, : sin15° - 0,9 - 0.4 KN/m2 = 0,07 kN/m.

Snow load at roof level gy = ;- Ce- 5 Form factor w, = 0,8, when roof angle is less than 30° and in normal
conditions C, = 1,0.

=08 - 1,0 2,5 Nim? = 2 kNim? [horizontal projection])
Grz = c0s15” - cos15% - 2kN/m = 1,68 kN/m

iy = cosl5 - sinl5" - 2kN/m = 0,45 kN/m

The most critical ultimate limit state (ULS) load combination:
Eyzpns = Yo ket Yo

Eyzpns = 1,15 -0,26 kN/m? + 1,5 - 1,68 kN/m? = 2,82 kN/m
Eypuns = Yo iy + Yo dky

Eypurs = 1,15 - 0,07 kN/m?2 4 1.5 - 0,45 kNfm?2 = 0,76 kN/m
Aial compression N, = yg- Ny = 15 - JkN/m? = 4,5 kN

Note: Safety factors yg; and yq are according to Finnish national annex of Eurocode 0.

Most critical serviceability limit state (SLS) load combination:
Egasis=Vo" fiat Yotz
Eqzpns= 1,006 kN/m? + 1,0 1,68 KN/m?2 = 1,94 kN/m.

ULS design

Bending moment resistance in y-direction

Mg, = Egous-12/8 = 282KN/m- (4m)3/8 = 564 kNm

Maa_ SEARNm
Tt = = 152 0t o

i _08 N . :
Tmnedged = =7 - kp  foedgek = 357 1034 44— = 303 N/mm

Bending moment resistance in z-direction at centre support of a 2-span beam

My, = Eypuns- (L/2)3/8 = 076 kN/m- (4 m/Z)*/8 = 0,38 kNm

_Mua_ o@ERNm
Tmid T Y T p10 10t

Jmod 08 N
Fanfatzs = fanfatae = T, 48
™ 1.2

o = 320 N/mm?

Lateral torsicnal buckling (LTB) is prevented et the middle of the span.

The purlin is loaded from the compression side and supported against torsion at the main supports and in
the middle ofthe span. According to Table 6.1 of EN1995-1-1, for uniformly distributed load, the effective
length is L;= 2000 mm+2-240 mm = 2480 mm_

= Moo _ FaneleBusslion
TRIES Ly (442)

_ /0600 Wjmm® - 1,52 10° mm - 400 N/mm? 6,56 105 mm®
L 2480 mm - 4,32 - 10°mm’

Omy.crie = 21,6N/mm*

ofms _ [ e _ g (4.41)

Fogern W ZLEN/mmE

la=
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e NP T
Arm® 1458

when 14 < drelm » Kerie = 048

Kerie” frmya = 0,48 -30,3 N/mm® = 144 N/mm?* (4.40)

Fmyd = Kerit ™ fmyd = 0K (4.38)
Axial compression

Ny 4EKN

A I meE e

Fmod 0.8 N g
fope = he fensczx = = 29 e 13,3 N/mm’

Buckling, buckling length I, = 2000 mm in z-direction and 4000 mm in y-direction

L 2000 mm
= J’E{;) =346 20000 - gy (437)

4000 mm —ss
240 mm

A [feas 158 [(ENmm _
drelz =2 Faus 314 v 11600N/mm® s (4.36)

A,:Jﬁ{%‘):ns-

P
Jy |feax _ 58 29 N/mm?
> I 4 = 20 —
T T [Bass 314 11600 Njmm?
k;=05-(1+01-(245— 03)+ (245)* = 3,61 (4.34)

Ky = 05(1+ B[y — 03) + 1)

D5-(1+0,1-(092 —0,3)+(0,82)* = 0,95

R, =———=——a———=1016
S TR S (432)
1 1
key= = 0,83

K+ J“ﬁ y T 095+ 0952 — 0522
¥

The following expressions shall be satisfied with km = 0.7 for rectangular cross sections:

L Tyt Tmad
Ferfond | T Trga  Tmms (4.29)
N N N
04z 1310 47—
B - R = 0,144 0,30+ 0,15 = 0,59 = 0K
016193 W7 20
Tead Tenyd Pmad
Rond Tk 30)
N N N
042—1y 131 — 47—
e T+, HR—= 0,03 + 043 + 0,10 = 0,56 — 0K
083-193- 303 20
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