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KURZFASSUNG

Die Berechnung und Bemessung von Brettsperrholz ist derzeit weder in Europa
noch Kanada normativ geregelt. Rechtsgiltigkeit haben nur Produktzulassungen.
Neben diesen existieren noch einige Bemessungsvorschldage bzw. -richtlinien, wie
z.B. in Osterreich das BSPhandbuch vom Institut fiir Holzbau und Holztechnologie
der TU Graz und in Kanada das CLT-Handbook von FPInnovations.

In der vorliegenden Arbeit werden die Berechnungs- und Bemessungsmethoden
des CLT-Handbooks von FPInnovations und des BSPhandbuchs der TU Graz fir
biegebeanspruchte Brettsperrholz-Elemente untersucht und gegenilibergestellt.

Zunichst werden die relevanten Normen von Kanada (CSA 086 und ANSI PRG
320) sowie von Europa (Eurocode 1 und Eurocode 5), welche als Basis fiir die
jeweilige Bemessungsrichtlinie dienen, erlautert. Danach wird ndher auf die
Bemessungsvorschlage aus dem CLT-Handbook sowie dem BSPhandbuch
eingegangen. Anhand von Beispielen werden die Unterschiede aufgezeigt. Dies
insbesondere fir die ULS Nachweise flir Biegung und Schub, sowie fiir die SLS
Nachweise fiir Durchbiegung und Schwingung.

Mit diesen Beispielen wird gezeigt, dass die europdischen und kanadischen
Richtlinien in weiten Bereichen eine gute Ubereinstimmung aufweisen, es
vereinzelt aber zu Differenzen in den Ergebnissen kommen kann, da im
kanadischen Bemessungsvorschlag starkere Vereinfachungen getroffen werden
und dieser daher grofSteils auf der konservativen Seite liegt.

Des Weiteren liefert diese Arbeit die Grundlage fiir die Implementierung der
kanadischen Norm bzw. der Bemessungsrichtlinie nach dem CLT-Handbook in den
CLTdesigner, das Bemessungstool fiir die Berechnung und Bemessung von
Brettsperrholz der holz.bau forschungs gmbh.
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ABSTRACT

Currently in Europe and in Canada there are no standards for the calculation and
design of cross-laminated timber elements (CLT). The legal force is subjected to
technical approvals for CLT-products. Beside technical approvals design proposals
are available. For example in Austria there is the BSPhandbuch from the Institute
of Timber Engineering and Wood Technology situated at Graz University of
Technology and in Canada the CLT-Handbook published by FPInnovations.

In this thesis the calculation and design procedures for CLT-elements loaded out
of plane according to the above mentioned proposals are examined and
compared.

First the relevant standards of Canada (CSA 086 and ANSI PRG 320) and Europe
(Eurocode 1 and Eurocode 5) are presented. The standards are the basis for the
proposed design guidelines of the BSPhandbuch and the CLT-Handbook. To
demonstrate the differences between the guidelines, examples of CLT-elements
loaded out of plane were calculated. These examples deal with the ULS
verification for bending and shear and the SLS verification for deflection and
vibration.

It can be demonstrated that the Canadian and European guidelines show strong
correlations. However, occasionally it comes to differences, because of the
stronger simplifications made in the Canadian suggestions. With these
simplifications the Canadian proposal is more conservative.

Further this thesis provides the basis for the implementation of the Canadian
standard and the guidelines according to the CLT-Handbook in the CLTdesigner, a
tool to compute and design CLT-products which is provided by the competence
center holz.bau forschungs gmbh.
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CHAPTER

1.INTRODUCTION

Building with wood gets more and more attractive besides building with concrete
and steel. The increasing CO, pollution of the cement industry is only one
indicator for changing its views on the used building materials. Wood is a
renewable primary product and also the progressing and deposal is less
detrimental to the environment than other materials. Besides the wood
lightweight construction the wood massif construction, which cross-laminated
timber (CLT) belongs to, has been developed dynamically within the last few
years. A general calculation and design procedure for CLT-elements isn’t available
as a standard. To publish a uniform standard to design CLT-constructions for each
government research was done and several guidelines (non mandatory) are
proposed.

This master thesis deals with the guidelines of Graz University of Technology
(Austria) and FPInnovations (Canada). The calculation and design procedures for
CLT base on the existing standards for wood constructions and go specifically into
the characteristic behaviour of CLT. Therefore the Canadian standard CSA 086-09
and ANSI PRG 320 will be cited. For the European approach the Eurocode 1 and
Eurocode 5 will be explained. In context of this thesis cross-laminated elements
loaded perpendicular to the face layer will be scrutinized. More exactly the
verification for ULS (bending and shear) and SLS (deflection and vibration) are
presented. Further the differences of the procedures and design methods were
sift out during a parameter study.

In addition the Canadian design guideline for CLT-products shall be prepared for
an implementation in the software tool CLTdesigner of the competence center
holz.bau forschungs gmbh.
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CHAPTER

2.LITERATURE, LEVEL OF EDUCATION

The design of CLT-elements is not established in the national standards neither in
Europe nor in Canada. Therefore architects, engineers and carpenters are related
to technical approvals. These technical approvals are certifications of CLT-
elements made by authorized companies to allow manufacturing procedures.

For innovative systems the designer requires science behind to support the use.
For this reason several guidelines are available. These guidelines are not
mandatory. They correlate strongly on the national standards and are intended to
serve as basis for the future standards.

The CSA Standard 086-09 is the current standard for design wood constructions in
Canada. The CSA (Canadian Standard Association) Standard Engineering design in
wood was printed in 2010. The version used in this thesis contains the incorporate
revisions of Update No.1 (September 2010) of the original 2009 Standard. Due to
the research of CLT is still a new field in timber construction, the calculation and
design guidelines for CLT are not in the CSA 086 implemented.

z CSA 086-09

STANDARDS

Engineering design in wood

Source: www.amazon.ca

Figure 1: CSA Standard 086-09, CLT-Handbook and the ANSI PRG320

The CLT-Handbook is the only source of technical information in Canada to design
CLT-buildings at the moment. But this is not an official standard. The Canadian
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CLT-Handbook was developed to enlarge the Canadian Standard. At this time a

series of tests takes place to optimize the calculation and design processes. The
CLT-Handbook was published by FPInnovations, edited by Sylvain Gagnon and
Ciprian Pirvu in 2011.

The American National Standard is the current official manufacturing standard in
North America for CLT products. The Standard for Performance-Rated Cross-
Laminated Timber of the ANSI/APA PRG 320-2011 (Approved American National
Standard) is mandatory in Canada and USA.

In Europe the ON EN 1995-1-1 2010 01 Eurocode 5 Design of timber structures -
Part 1-1 General Common rules and rules for buildings is valid. It is approved by
the European Committee for Standardization (CEN). The Eurocode 5 maintains the
design methods for wooden constructions and their fastenings. The Eurocode
includes a National Annex which is defining national details chosen by the
accompanying government. As mentioned before the calculation and design
guidelines for CLT are not included in the Eurocode.

Nachweise auf Basis des neuen europaischen
N

(ormenkonzepts

Figure 2: Eurocode 5 and BSPhandbuch

The Graz University of Technology did further experiments to lay the groundwork
for a new standard to design CLT-products. The research and the results of the
experiments are published in the BSPhandbuch. This thesis refers on the second
edition from 2010.

Current guidelines in Europe are defined by technical approvals for products. The
technical approvals are written out by qualified organisations like the DIBt
(,,Deutsches Institut fir Bautechnik”).
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Examples for technical approvals (germ.: “Zulassung”) are: [6] [10]

e Zulassung ETA -09/0036: MM BSP. Wien. 2009. valid until 2014.
e Zulassung ETA -08/0242: HMS-Element. Berlin. 2009. valid until 2014.
¢ BauaufsichtlicheZulassung Z-9.1-638. valid until 2016.
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CHAPTER

3.STANDARDS AND DETERMINATION
GUIDELINES

3.1 The Canadian Standard

The design procedures for cross-laminated timber aren’t implemented in the
Canadian Timber Design Standard. To design cross-laminated timber (CLT)
FPInnovations proposes suggestions in the CLT-Handbook. Before this master
thesis goes into the CLT-Handbook, the general design guideline for wood
constructions will be specified.

3.1.1 CSA Standards 086-09, Engineering design in wood [1]

In Canada and also in Europe the procedures designing for structural elements
loaded in bending are based on elastic behaviour. The Ultimate Limit State (ULS)
and the Serviceability Limit State (SLS) are used to design Cross Laminated Timber
(CLT).

Load combinations for ULS

The loads which effects on a system for Ultimate Limit State verification shall be
calculated according table 1 (4.2.4 CSA 086-09):

Case Principal loads* Companion loads
1 1.4D —

2 (1.25D% or 0.9D) + 1.5L% 0.55% or 0.4W

3 (1.25D% or 0.9D) + 1.55 0.5L8* or 0.4W

4 (1.25D% or 0.9D) + 1.4W 0.50** or 0.55

5 1.0D +1.0E 0.518* + 0.255%

*Refer to the National Building Code of Canada for loads due to lateral earth
pressure (H), prestress (P), and imposed deformation (T).

tRefer to the National Building Code of Canada for a dead load (D) for soil.
$The principal load factor of 1.5 for a live load (L) may be reduced to 1.25 for
liguids in tanks.

§Refer to the National Building Code of Canada for loads on exterior areas.
**The companion load factor of 0.5 for a live load (L) shalf be increased to 1.0 for
storage occupancies, equipment areas, and service rooms.

Table 1: Load combinations for Ultimate Limit States [1]
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The load combination for ULS shall be taken, which results amount the most
unfavourable effect.

Specified loads (4.2.3)

The specified loads are defined as followed:

Dead load to the weight of members

Load due to earthquake

Live load to the intended use and occupancy

Load due to snow

Load due to wind

Permanent load due the lateral earth pressure, including groundwater
Load due to contraction or expansion cause by temperature changes

AIsvrmo

Importance factor for snow, wind and earthquake

The importance factors for ULS are given in table 4.2.3.2 in the CSA 086-09
Standards. The consequences of failure are taken into account related to the limit
state, the use and occupancy of the building.

lmportance factors for
siow loads, I

Importance factors for
wind loads, Iy

Importance factors for
vatlhyuake loads, Ip

Importance Ultimate Serviceahility Ultimate Serviceahility Ultimate Serviceahility
category limit state limit state limit state  limit state limit state  Limit state
Low 0.8 09 0.8 0.75 08 —

Normal 1.0 0.9 1.0 0.75 1.0 =

High 1.15 0.9 1.15 0.75 1.3

Past-disaster 1.25 0.9 1.75 0.75 L5 —

Table 2: Important factor for determining S, W, or E loads [1]

Load combination for Serviceability Limit States

In accordance with table 4.2.4.2 (CSA 086-09) the most unfavourable effect shall

be taken:
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Case Principal loads Companion loads

1 1.0D* —

2 1.0D0* +1.0L 0.551 or 0.4W
3 1.0D* +1.08 0.5Lf or 0.4W
4 1.0D0* + 1.0W 0.5Lor 0.58

*Dead loads include permanent loads due to lateral earth pressure
(H) and prestress (P).

TRefer to the National Building Code of Canada for loads on
exterior areas.

Table 3: Load combination for Serviceability Limit States [1]

Bending moment resistance (5.5.4 CSA 086-09) and shear resistance
(5.5.5 CSA 086-09) for Sawn Lumber

In this section the bending moment resistance and shear resistance will be
explicated. The equations [3.1] to [3.4] are only valid for glued-laminated timber.
An analogy for CLT is in the next section “The Canadian CLT-Handbook” explained.

The CSA 086 expresses the relation as followed:

M, = ¢F,SKzpK|, [3.1]
Fy = fp(KpKyKspKr) (3.2]

where:

o... resistance factor (0.9 for CLT)

fo-.. specified strength in bending, MPa

S... section modulus [mm3]

Ksp...  size factor in bending

Kr... treatment factor

Kp... long duration factor

Ky...  system factor

Ksp...  service condition factor for bending

K;... lateral stability factor

The shear resistance for Sawn Lumber may be calculated as followed:

24,
V = ¢F, TKZU [3.3]

Maria GUGGENBERGER Page 7
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E, = fv(KDKHKSvKT) (3.4]

where:

... resistance factor (0.9 for CLT)
fo-. specified strength in shear, MPa
A,... net area of cross section, mm?
Ks...  service condition factor for shear
Kz...  size factor in shear

The resistance factor ¢ is used for all applicable limit states for wood members
and fastenings (see 4.1.4 of CSA 086-09).

The modification factors K for Sawn Lumber are given in the following tables. Also
considerations for the K factors for CLT are given in section 3.1.2 Canadian CLT-
Handbook.

Load duration factor Kp (4.3.2 CSA 086-09)

Are there different loads with deviant load duration, a Ky factor with the shortest
duration is recommended. It always shall be the load combination which results
amount the most unfavourable effect.

Load duration Kp Lxplanatory notes

Short term 1.15 Shert term loading means the condition of loading where the duration of the
specified loads is not expected to last mare than 7 days continuously ar
cumulatively throughout the life of the structurs.

Examples include wind loeds, earthquake loads, lalseveork, and loomwork, as well
as impact loads.

Standard term 1.00 Standard term means the condition of loading where the duration of specitied
loads cxceeds that of short-term lcading, but is less than long-term loading.
Cxamples include snow loads, live loads due to occupancy, wheel loads on
bridges, and dead lvads in combimation with all ol the above.

lLong term .65 Long-term diration means the condition of lnading under whirh a member is
subjected to more or less continuous specitied load.

Examples indude dead loads or dead loads plus live loads of such character that
they arc imposed on the member for as long a period of time as the dead loads
themselves. Such loads indude those usually occurring in tanks or bins containing
fluids or granular material, loads on retaining walls subjected to lateral pressure
such as earth, and floor loacs where the specified load ran be expected to be
continueusly applied, such as thasa in buildings for storage of bulk materials.
Loads due to fixed machinery should be considered to be long term.

Note: Load duration requires professional judgment by the designer: Explanatory notes in this Tabie provide guidance to
designers aboul e types of loods and load combinutions (or which each modification foctor should be upplizd,

Table 4: Load duration factor Kp [1]
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See also the long term load factor Ky (4.3.2.3 CSA 086-09), if the specified long
term load P, is greater than the specified standard term load Ps.

System factor Ky (5.4.4 CSA 086-09)

“The specified strength for glued-laminated timber members in a system
consisting of three or more essentially parallel members spaced not more than 610
mm apart and so arranged that they mutually support the applied load may be
multiplied by a system factor, Ky, equal to 1.00 for tension parallel to grain and
1.10 for all other strength properties.” [1]

Case 27
For specified strength in Case 1* Visually graded MSR Built-up beams
Bending 1.10 1.40 1.20 1.10
Longitudinal shear 1.10 1.40 1.20 1.10
Compression parallel to grain 1.10 1.10 1.10 1.00
Tension parallel to grain 1.10 — — 1.00
All other properties 1.00 1.00 1.00 1.00

*See Clause 5.4.4.1 for conditions applying to Case 1.
¥ 5ee Clause 5.4.4.2 for conditions applying to Case 2.

Table 5: System factor K, [1]

Size factor K; (5.4.5 CSA 086-09)

Some specified strengths of visually stress-graded lumber vary with member size
and shall be multiplied by a size factor.

K; shall be 1.0 for light framing grades, for machine stress-rated lumber and
machine evaluated lumber, except K, shall be calculated in accordance with
Clause 5.5.6.2.3, Kz, may be determined in accordance with Clause 5.5.7.5, and
Kz, shall be as given in table 6 (Table 5.4.5 of the CSA 086-09).

Maria GUGGENBERGER Page 9
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Tension Compression Compression
parallel perpendicular parallel to
Bending and shear to grain,  to grain, grain, All other
Kzp, Kz Kz Kz Kz properties
Smaller dimension, mm
Larger 114
dimension, 38to BY%to or
mm -2 102 maore All All All All
38 = [IF ] — — 6L See Value computed 1.0
64 1.7 _ — 1.5 Clause 5.5.7.5 using formulain 4.0
89 17 aE 1.5 Clause 5.5.6.2.3
114 1.5 1.6 1.3 1.4 1.0
140 1.4 1.5 1.3 1.3 1.0
18410 191 1.2 1.3 1.3 1.2 1.0
2350 241 1.1 1.2 1.2 1.1 1.0
286'to 292 1.0 1.1 1.1 1.0 1.0
337 to 343 0.2 1.0 1.0 0.9 1.0
387 or larger 0.8 0.9 0.9 0.8 1.0

Table 6: Size factor K, [1]

Service condition factor Ks (6.4.2 CSA 086-09)

The service condition factor Ks integrates a wet service condition. Thus the
specified strengths are quoted for dry service condition.

Glued-laminated timber

Diry service Wet service
Ks For specified strength in conditions conditions
Keh Bending at extreme fibre 1.00 080
Koy Longitudimal shear 1.00 087
Kee Compression parablel to grain 1.00 0.75
Keep Compression perpendicular to grain 1.00 067
Kt Tenslon parafled to grain 1.00 0.75
Koy Tenslon perpendicular to grain 1.00 0.35
Kep Modulus of elasticity 1.00 0.20

Table 7: Service condition factors K [1]
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Treatment factor Ky (CSA 086-09 5.4.3)

Dry service Wet service

Product conditions conditions
Untreated lumber 1.00 1.00
Preservative-treated unincised 1.00 1.00
lumber
Preservative-treated incised lumber
of thickness 8% mm or less

Modulus of elasticity 0.90 0.95

Other properties 0.75 0.85

Fire-retardant-treated lumber

See Clause 5.4.3.2 for effects of

fire-retardant treatment.

Table 8: Treatment factor K;

Flow chart of determining guidelines

The procedure for determining guidelines shall present in the following flow

chart:

Importance Factor

Load Combination
Factar

Design Value

Kemax

Figure 3: Flow chart for determining guidelines in ULS

Characteristic of
Construction Material

Carring Capacity

Xq

Maria GUGGENBERGER

Page 11



TU Standards and Determination Guidelines
Grazm

3.1.2 The Canadian CLT-Handbook [2]

As mentioned the modification factors for CLT are not implemented in the CSA
086 yet. To design CLT panels there are several assumptions proposed in the
Canadian CLT-Handbook.

In this list are the tables for the K-factors of the CSA 086-09 and the CLT-
Handbook quoted. The appropriate K-factor to design CLT-Elements is to take out
the following details:

K factor CSA 086-09 In this thesis CLT-Handbook
referred to
Ko Table 4.3.2.2 Table 4 Chap. 6 Table 1
Ks Table 6.4.2 Table 7 Chap. 6 Table 2
Ky Table 5.4.4 Table 5 Chap. 3/ 2.6.3 (K4=1.0)
K: Table4.3.4.4and 6.4.4 | Table 8 Chap. 3/ 2.6.4 (K;=1.0)
K. Table 6.5.6.4 and 8.5.7 Chap. 3/ 2.6.5 (for
beams)
Kz Table 6.5.6.5.1 Table 6 Chap.3/2.6.6

Table 9: Modification factors for CLT

The values of the factors Kp, Ks, K, K, are equal to the values in the CSA 086-09
and can be taken out from the according tables. Only for K; and K, a value of 1.0 is
proposed.

In addition to the CLT K-factors the CLT-Handbook suggests a calculation of the
bending moment resistance and shear resistance which will be explained in the
following.

For the calculation of the bending moment resistance and shear resistance the
CLT-Handbook refers to several methods. In this master thesis primarily the Shear
Analogy Method and the proposed “Simplified Method” will be cited.

Shear Analogy Method used in Canada according the CLT-Handbook

The shear analogy method is a proven method to design multi-layer cross
sections. This method takes the shear deformation in consideration. For that the
initial beam is divided in two imaginary beams which are coupled with infinitely
rigid web members. The two beams have the same vertical deflection. The
imaginary beam on the top is usually named beam A and the other beam B. Beam
A maintains the sum of the moment of inertia of the individual plies during beam
B maintains the Steiner points part of the moment of inertia.
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Beam A

Beam A B, Sq=o0

Connection
|- —— —>
A A
BeamB BB 5B -
Figure 4: Concept of the Shear Analogy Method [7]
The bending and shear stiffness of beam A can be expressed as:
h.3
By=Yr Ei*x1; =Y E; xb; *— [3.5]
Sy =00 [3.6]
In addition the Beam B is as followed:
Bg =YY" E;xA; *z}? (3.7]
i — i n—ll n-1 hL hn
Sg a? * [Zl:l ki 2%Gy *b + Xz Gi*b; Z*Gn*bn] [3.8]
where: k; = % slip of the fasteners
Ki... slip modulus of mechanical fasteners (but not
present in glued CLT)
Sia spacing between the mechanical fasteners (but

not present in glued CLT)

The shear analogy method correlates the shear deflexion by using E, and G, for

longitudinal layers and Egg as well as Ggq for transversal layers. Eqy is defined as
2

Eo _
— and GQO = Teo'

Eqo = =2. In addition the shear module is given as G, =
90 ~ 39 0™ 16

Furthermore the bending and shear forces for beam A can be calculated:

Eil;

My ="Fte M, [3.9]
Eil;

VA,i = E * VA [310]

opi = £ [3.11]
\%4
Tai o 1.5 Dot [3.12]
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The axial force and the normal stress for beam B may be calculated with:

_ EjAjxz;

Npi =—5-

* Mg [3.13]

_ Npi _ Eixz

OB = pon: = By ¥ Mp [3.14]

In addition the shear stress may by calculated by:

14
TBii+1 = i * Z?:Hl Ej x Aj * z; [3.15]

where: V... shear force of beam B

These equations for bending, shear and normal stress are not used for the
verification in Canada. For the verification only the stiffness parameters of
bending and shear will be calculated according the Shear Analogy. The bending
resistance M, and the shear resistance V, for the verification shall be calculated
according to the “Simplified Method” which will be explained later in this chapter.

Deflection and Creep in the CLT-Handbook

The deflection expresses the sum of the contribution due to bending and shear.
The maximal deflection is induced in the middle of the slab under a uniform load:
5 ql* 1 ql®k

where k=1.2 the shear coefficient

The long term deflection takes the calculation of creep in consideration. Two
options are proposed in the Canadian CLT-Handbook:

1) Option|

e The use of the load duration factor K; (see table 9);

® The use of the service condition factor Ks (see table 9);

e The use of creep factor: The rolling shear modulus (Gg) is reduced with
25% to determine the elastic deflection due to total load. The permanent
deformation due to long term loads is determined with a 50% reduction
of the rolling shear modulus (Gg).
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2) Optionl

® Following the Eurocode 5 a ko factor for Service Classes 1 and 2 shall be

taken.

® The use of the creep factor based on recommendations of J6bstl and

Schickhofer (2007) according to table 10:

Ufinp = uinst_p(l + kdef) for permanent loads, P
(3.17]

Ufin01 = uinst_Q_l(l + 1p211kdef) for main live loads, Q;

[3.18]
Usrin,g,i = uinst,Q,i(lpO,i + wzlikdef) for accompanying live loads,
Qi(i>1) [3.19]
Material Service Class 1 | Service Class 2 Service Class 3
CLT 0.90 1.10

Table 10: Deformation modification factor kg, adjusts to CLT (CLT-Handbook chapter 6)

From table 10 is to recognize that the Canadian CLT-Handbook proposes a kges
factor 0.9 for service class 1 during the European approach is defined by a kgt

factor 0.85 for service class 1.

“Simplified Method”: modified procedure for Canada

The bending stiffness for the entire beam is the addition of the bending stiffness

of the two imaginary beams.

3
(EDefp = Ba+Bp = Xizy By x by » S+ Xisy B + 4 * zf

a2
(GA)effz[ R wn-1 M , hn ]

2+Gy#by  “1=2 Gyxb; ' 2+Gprbp

Bending stress for the “Simplified Method” is given as:

E
o=M=xyx L
(EDesr
. h .
Maximum stress occurs on y = %, which results to
_ Ey
Omax = M = O.Shwt * m.

The maximum stress is reached [1] when:

[3.20]

[3.21]

[3.22]

[3.23]

Maria GUGGENBERGER
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Omax < ¢ * Fy [3.24]

From the equations [3.2] the moment resistance can be expressed as:

_ (EDefy 1
M, = ¢ * Fp, * 5 * YT [3.25]

F, may be calculated as proposed in the CSA 086-09. Table 9 refers to source of
the K-factors for CLT.

Fy = fo(KpKyKsp Kr) [3.26]

(El)est may be calculated with the y-Method or with the Shear Analogy Method.
e y-Method:

(EDesr = Yo (Eil; + viEiAsal) [3.27]

¢ Shear Analogy Method:

Note: The Theory of Timoshenko gives exact the same equation as the Shear
Analogy Method. Therefore the results according the theory of Timoshenko will
be equal to the Shear Analogy Method.

3
(EDefr = Ba+Bp = Xi=y Ey x by S+ Xis  Ei + A * 2}

[3.28]=[3.10]

If the module of elasticity of the longitudinal layer is equal for the whole cross
section, the resistance in bending moment can be determined as

le
M, = ¢ *Fp, * rf{:t [3.29]

The shear strength of CLT is defined as
1.5%V

T, = . [3.30]
v CxAgross
1 .
where c =L ... reduction factor [3.31]
Igross
Agross..- gross cross-sectional area
lgross.- moment of inertia of the gross cross-section
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With the condition [1]
T, <¢P=*E, [3.32]

the shear resistance results from the equations above to the following equation:

V, = g, 2o (L) (3.33]
where:

F, = f,(KpKyKsyKr) [3.34]

E,s = fos(KpKuKsyKr) = 0.5MPa [3.35]

Fys.. Rolling shear strength

Vibration performance (CAN)

A design procedure to grade the vibration for CLT as not irritating, the deflection
shall be limited. Therefore the Uniformly Distributed Load (UDL) Deflection
Method is known. Nevertheless this method provides a poor vibration

performance for long span floors. For this reason FPInnovations and UNB

developed a new design method. It is valid for an area mass from 15 kg/m? to 150

kg/m? and a fundamental natural frequency above 9 Hz (Hu). The new proposed
design method was approved by SINTEF and included in the Canadian CLT-

Handbook.

For vibration performance the design criterion is given by Gagnon S. and Hu L.:

f f1.4-3

—“—=>13.0 or d< [3.36]

do- 39
f... fundamental natural frequency
d. 1 kN static deflection
The fundamental natural frequency can be calculated as followed:

3142 |(EDGFf

f= ETER ves [3.37]
where:
l.. CLT floor maximum span in meter
(EI);}'}... effective apparent stiffness in the span direction for 1m wide

panel in Nm?
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p... density of CLT in kg/m?3
A.. Area of cross section of 1m wide panel [m?]
3
d = 1000119751 [3.38]
48EI [}
where: P... 1000 N

To verify vibrations as none irritating the length of the CLT element shall be
limited by [3.39]. The equation [3.39] is the result of inserting the static deflection
[3.38] and the fundamental natural frequency [3.37] in equation [3.36].

L (Elé}r})O.Z‘BS

=915 (pA)o-123 (3.39]

3.1.3 American National Standard, PRG 320 [3]

The PRG 320 maintains panel dimensions and dimensional tolerances, component
requirements, performance criteria, qualification and product marketing and
quality assurance for CLT panels. This standard is one of the first manufacturing
standards that are used together in Canada and USA.

In this section the plant pre-qualification and mechanical properties qualification
are cited.

Plant Pre-Qualification

A pre-qualification panel shall be tested by six square/rectangular specimens.
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Figure 5: Block shear (,,B“) and delamination (,D“) specimen locations: a=101.6+25.4 mm (4+1
inches), L;=609.6 to 914.4 mm (24 to 36 inches) and L,=457.2 to 914.4 mm (18 to 36 inches) (1 inch
=25.4mm) [3]

Three of the six are tested on block shear, named “B”, the other three are tested
on delamination, named “D”. From each pre-qualification panel the specimens
shall be extracted and labelled like it is shown in the next figure.

Mechanical properties qualification

For stiffness parameters a sample size is required that shall be sufficient for
estimating the population mean within 5% precision with 75% confidence, or 10
specimens, whichever is greater. A sample size greater than 10 is required when
coefficient of variation is greater than 13%. For strength capacities the sample size
requires a characteristic value with 75% confidence in accordance with ASTM
D2915.

The condition of the CLT samples shall have average moisture content not less
than 8% according to the PRG 320. Further it is considered to store the samples in
an indoor environment for a minimum of 24 hours or until the adhesive has cured
sufficiently to permit evaluation, whichever is longer.

To test CLT panels on bending, the load is applied perpendicular to the face layer.
In accordance with the third-point load method through ASTM D198 or ASTM
D4761 the test shall be conducted flat wise. A specimen width of not less than 305
mm and the on-center span equal to approximately 30 times the specimen depth
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shall be used. “The weight of the CLT panel is permitted to be included in the
determination of the bending moment capacity.” [8]

Determined from qualification tests the average bending stiffness (El) and the
characteristic bending moment (f,S) shall meet or exceed the published allowable
bending stiffness and allowable bending.

The shear test shall be conducted as the bending test according ASTM D198 or
ASTM D4761. “The bearing length shall be sufficient to avoid bearing failure, but
not greater than the specimen depth. All specimens are to be cut to length with no
overhangs allowed.” [8]

The results from the shear test shall meet or exceed the published allowable
interlaminar shear capacity.

In following an extract [3] of the allowable design properties for CLT grades is
given by.

» EI: 1950f-17E Spruce-pine-fir MSR lumber in all parallel layers and No. 3 Spruce-pine-fir lumber in all perpendicular
layers

» E2: 1650f-1.5E Douglas fir-Larch M5R lumber in all parallel layers and No. 3 Douglas fir-Larch lumber in all
perpendicular layers

* E3: 1200f-1.2E Eastern Softwoods, Northern Species, or Western Woods MSR lumber in all parallel layers and No. 3
Eastern Softwoods, Northern Species, or Western Woods lumber in all perpendicular lavers

» B 19504-1.7E Southern ping MSR lumber in all parallel layers and No. 3 Southern pine hember in all perpendicular
layers

« VI: No. 2 Douglas fir-Larch lumber in all parallel layers and No. 3 Douglas fir-Larch lumber in all perpendicular
layers

* V2 No 1/No. 2 Spruce-ping-fir lumber in all parallel layers and No. 3 Spruce-pine-fir lumber in all perpendicular
layers

* V3: No. 2 Southern pine umber in all parallel layers and No. 3 Southern pine lumber in all perpendicular layers

Table 11: layups for design properties for CLT [3]

The next table lists the published allowable specified strength and modulus of
elasticity and the published allowable bending resistance for CLT in Canada.
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‘SDI:EI(-:EII,?E:;D STRENGTH AND MODULUS OF ELASTICITY(="< FOR PRG 320 CLT (FOR USE IN CANADA)
Maijor Strength Direction Minor Strength Direction

CLT *h,O E, f|,o f(,o fv,O fs,o fh,oc Ey fwoo fs,oo

Grades (MPa) (MPa) (MPa} (MPa) (MPa) (MPa) [MPa)  (MPa)  (MPa)  (MPa)

El 28.2 11,700 15.4 19.3 .5 0.50 7.0 9,000 1.5 0.50

E2 239 10,300 11.4 18.1 1.9 0.63 4.6 10,000 12 0.63

E3 17.4 8,300 6.7 15.1 1.3 0.43 4.5 6,500 1.3 0.43

Vi 10.0 11,000 58 14.0 1.9 0.63 4.6 10,000 19 0.63

V2 1.8 9,500 5.5 1.5 b5 0.50 7.0 9,000 B 0.50

ForSl: 1 MPa = 145 psi
(a) See Section 4 for symbols.

{b) Tobulated values are Limit States design values and not permitted to be increased for the lumber size adjustment factor in accor-
dance with CSA O84. The design values shall be used in conjunction with the section properties provided by the CLT manufacturer
based on the actual layup used in manufacturing the CLT panel {see Table A4).

{c) Custom CLT grades that are not listed in this table shall be permitted in accordance with Section 7.2.1.

Table 12: Specified strength and modulus of elasticity for PRG 320 CLT for use in Canada [3]

;ﬁiLE;;-BEND ING RESISTANCESer= FOR CLT LISTED IN TAELE A3 (FOR USE IN CANADA)
Lamination Thickness {mm} in CLT Layup Major Strength Direction Minor Strength Direction
£S5 Elg, fSonsn Elyso
(515 ol £ foeN-  (10°N- CAwe posn- poen- GAaes
Grode  [mm) = I = 1 = 5 L = mmm) mm*m) [10* N/m] mm/m) mm?/m) (10% N/mj)

105 as as a5 42 1,088 73 1.4 a2 13
El 175 3 3 35 35 35 98 41466 15 12 837 20
245 a5 35 as a5 as as as 172 10,206 21 29 3,220 28
105 35 @35 35 35 958 8.0 024 38 15
EZ 175 as 35 a5 as 35 83 3,674 18 8.2 930 18
245 as 35 a5 a5 a5 as a5 144 9.097 24 i 3.569 28

105 35 3as a5 26 772 53 052 23 o5
E3 175 3 35 35 35 35 a0 2,956 n 8 405 14
245 35 35 a5 a5 35 as a5 106 7313 16 18 2,325 20
105 a 35 35 15 1,023 B.0 094 34 15
Vi 175 35 as a5 a5 as as 3,922 16 8.2 930 20
245 35 35 35 3 35 35 I &1 9,708 24 19 3,571 7
105 as 35 35 18 gE84 72 1.4 3z 13
V2 175 as 35 a5 as 35 41 3,388 14 12 B37 17
245 as 35 a5 a5 a5 an a5 72 8,386 22 29 3,233 23

For 8- 1 mm = 003937 in; Tm=3:28 f
(o) See Section 4 for symbals.

(k) This table represents one of many possibilities that the CLT could be manufactured by varying lamination'grades, thicknesses, orieniations;
and |Dyer arrangements in the luyup.

{c) Custom CLT grades thot are not listed in this table <holl be parmitied in oceordance with Section 7.2.1.

Table 13: the LSD (Limit State Design) bending resistances for CLT for Canada [3]
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Symbols:

Eo

E90

Fb,O and fb,O

Fu,50 and f, 00

Feoand feg

Fe,00 and fc,90

Ft,O and ft,O

F,00 and ft,QO

Fyoand f, o

Fs,O and fs,O

Modulus of elasticity in bending parallel to the major strength
direction of CLT in MPa;

Modulus of elasticity in bending perpendicular to the major

strength direction of CLT in MPa, in the PRG 320 Egy = E°/30 for

lumber;

allowable bending stress and characteristic bending strength
parallel to the major strength direction of CLT in MPa;

allowable bending stress and characteristic bending strength
perpendicular to the major strength direction of CLT in MP3;

allowable compressive stress and characteristic compressive
strength parallel to the major strength direction of CLT in MPa;

allowable compressive stress and characteristic compressive
strength perpendicular to the major strength direction of CLT in
MPa;

allowable tensile stress and characteristic tensile strength parallel
to the major strength direction of CLT in MPa;

allowable tensile stress and characteristic tensile strength
perpendicular to the major strength direction of CLT in MPa;

allowable shear stress and characteristic shear strength parallel to
the major strength direction of CLT in MPa;

allowable interlaminar (rolling) stress and characteristic
interlaminar (rolling) strength parallel to the major strength
direction of CLT in MPa;
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3.2 The European Standard

3.2.1 Eurocode 5 [4]

The ON EN 1995-1-1 2006 01 Eurocode 5 Design of timber structures - Part 1-1
General Common rules and rules for buildings gives the followed guideline away:

The equation to calculate the Ultimate Limit State, the basic load combination

Eq=XV6i*Grit+vp*P+vgo1*Qr1t+Xvoi*Vo,* Qi

[3.40]
is given. For extremely load combination the equation reads:
Eqg=XGri+P+Ag+ Y1 *Q1+ X2 * Qs [3.41]
The load combination for earthquake is expressed as:
Eq=XGyri+P+Apgg+ X2 * Qi [3.42]
The values for the partial safety factor y are:
e Dead load to the weight of members (G):
Ye = 1.35 unfavourable effect
ye = 1.00 favourable effect
e live load to the intended use and occupancy (Q):
Yo = 1.50 unfavourable effect
Yo =135 unfavourable effect for live loads on bridges
Yo = 1.00 favourable effect

e Initial tension (P):
]/P == 1.00

The combination factors U for structural engineering of the ON EN 1990 are given
in the following table. Table 14 maintains the particular effects of structural
engineering. The combination factors for bridges are given in the EN 1990 Annex
A2.
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1 2 3 4 5
1 Action Category” Yo U U,
2 Live loads in building structures
Areas of domestic and residential A B 0.7 0.5 0.3
activities, office areas
Areas where people may congregate C,D 0.7 0.7 0.6
Shopping areas E 1.0 0.9 0.8
Traffic and parking area for light F 0.7 0.7 0.6
vehicle (<30kN)
Traffic and parking area for medium G 0.7 0.5 0.3
vehicle (30kN <+ 160kN)
3 Roofs H 0.0 0.0 0.0
4 Load due to snow in building
structures
Altitude/Region > 1000m 0.7 0.5 0.2
Altitude/Region < 1000m 0.5 0.2 0.0
5 Load due to wind in building 0.6 0.2 0.0
structures
6 Load due to contraction or 0.6 0.5 0.0
expansion cause by temperature
changes (without fire) in building
structures
U according ON EN 1991-1-1

Table 14: combination factors {, Y;, P, according ON EN 1990 Annex A[5]

For design value of material property the equation is given by:

Xy = kmoq 2X [3.43]
YM
where:
Xi... characteristic value of a strength property
Vm...  partial factor for a material property

Kmog-.. modification factor taking into account of the duration of load and
moisture content

The following table maintains the recommended partial safety factors yy. The
next section “BSPhandbuch” contains a suggestion for CLT.
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Fundamental combinations:
Solid timber 13
Glued laminated timber 1,25
LVL, plywood, OSB, 1,2
Particleboards 1.3
Fibreboards, hard 1.3
Fibreboards, medium 1.3
Fibreboards, MDF 1.3
Fibreboards, soft 13
Connections 1.3
Punched metal plate fasteners 1,25

Accidental combinations 1.0

Table 15: Recommended partial safety factors y,, for material properties and resistances [4]

Furthermore the values for ko4 in addiction of service class, load duration and

material:
Material Standard Service Load-duration class
class Permanent | Long | Medium | Short | Instanta-
action term term term neous
action | action | action action
Solid timber | EN 14081-1 1 0,60 0,70 0,80 0,90 1,10
2 0,60 0,70 0,80 0,90 1,10
3 0,50 0,55 0,65 0,70 0,90
Glued EN 14080 1 0,60 0,70 0,80 0,90 1,10
laminated 2 0,60 0,70 0,80 0,90 1,10
timber 3 0,50 0,55 0,65 0,70 0,90
LVL EN 14374, EN 14279 |1 0,60 0,70 0,80 0,90 1,10
2 0,60 0,70 0,80 0,90 1,10
3 0,50 0,55 0,65 0,70 0,90
Plywood EN 636
Part 1, Part 2, Part3 |1 0,60 0,70 0,80 0,90 1,10
Part 2, Part 3 2 0,60 0,70 0,80 0,90 1,10
Part 3 3 0,50 0,55 0,65 0,70 0,90
0SB EN 300
0SB/2 1 0,30 0,45 0,65 0,85 1,10
0OSB/3, OSB/4 1 0,40 0,50 0,70 0,90 1,10
0OSB/3, OSB/4 2 0,30 0,40 0,55 0,70 0,90
Particle- EN 312
board Part 4, Part 5 1 0,30 0,45 0,65 0,85 1,10
Part5 2 0,20 0,30 0,45 0,80 0,80
Part 6, Part 7 1 0,40 B,SP 0,70 0,90 1,10
Part 7 2 0.30 0.40 0.55 0.70 0.90

Table 16: Extract of the modification factor k.4 [4]

The Design resistance (2.17) may be calculated with:

Ry

Rd = kmod - [344]
YMm
Rg... Design value of load carrying capacity
R«... Characteristic value of load carrying capacity
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Further factors of influence on the strength are the factors kg, and k. With this
factors the member size are taken into account.

In following the specified strength and modulus of elasticity are given away. The
values are used in Europe for bulk material. The values are proposed from
Institute of Timber Engineering and Wood Technology (Graz University of
Technology.

In addition the specified strength and modulus of elasticity for the GLh24* is
cited.

= 24.0 | ) 28,0 fon b 32.0
fiok 18.5 f0s 18,5 fiok 22,5
Foonx 0,5 b0k 0,5 fio0k 05
fook 24,0 loox 26 5 f.0k 290
= 95T {00k 3,0 fis00 3.3
» 3,0 fox 3.0 fuk 3c
Ei 1.0 1.0 | 1.0
Egnean 14600 Ep i 12600 Eomien 13700
[=—— 390 Esomazn 420 Eyp mean 460
= 9567 Eyes 10500 Epps 11417
GQ mesn 720 GD.rrman 780 l:-"'IZ}- medn 850
Gigii s 72 Gog,mean 8 Gy mean 85
Gaos 60C Gy g5 650 Goos 708
[ 360 o 410 [ 430
GL24h GL28h GL32h
.y 16,0 v 24,0 foi 30,0
fl.@.k 1 0,0 fT_ﬂ-_k 14,0 ftlﬁlk 1 8.0
fraok 0,4 frook 0.4 frook 0.4
foos 17,0 feok 210 foox 23,0
ok 2,2 fooox 2,5 fesok 2,7
o 2.7 Fun 2.7 fik 2.7
fos 1,0 fre 1,0 fex 1.0
Ed.mean 8000 Eg.riean 11000 E tinin 12000
E%.m&a n 270 EE-I} meEan 370 EBrD,rr:ean 400
E{;Igs 5333 Ea.ns 1333 E[}I[}S 8000
Gomean 500 e 690 Giiznsan 750
G‘.}[a.mgan 50 GBG.IF'B-L-H 69 GQD.m&an 75
Gogs 333 Goos 460 Goos 500
Py 310 oy 30 360
Cl6 C24 C30

Table 17: Specified strength and modulus of elasticity (bulk material) used in Europe proposed
from Institute of Timber Engineering and Wood Technology
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GL24h*

fook 24.0 N/mm? | Eqps 9667.0 N/mm?
feox 24.0 N/mm? | Egmean 11600.0 N/mm?
feook 2.7 N/mm? | Eggmean 0.0 N/mm?
frox 16.5 N/mm? | Gy mean 720.0 N/mm?
frook 0.5 N/mm? | Gy mean 72.0 N/mm?
fux 3.0 N/mm? | Mean density 500.0 kg/m?
frx 1.25 N/mm?

Table 18: Specified strength and modulus of elasticity for GL24h* [6]

Symbols:

Index k (X)
Index d (Xy)

E 0,05

E 0,mean
E 90,mean
C"‘0,05
GO,mean

G9O,mean

Fe
Ft
N
\Y
M

fc,O,k
fc,90,k
ok
ft,O,k
ft,QO,k
fux
fex

Characteristic value
Design value according equation [4]

Fifth percentile value of modulus of elasticity;

Mean value of modulus of elasticity parallel to grain;

Mean value of modulus of elasticity perpendicular to grain;
Fifth percentile value of shear modulus

Mean value of shear modulus parallel to grain;

Mean value of shear modulus perpendicular to grain;

Compressive force
Tensile force

Axial force

Shear force
Moment

Characteristic compressive strength parallel to grain
Characteristic compressive strength perpendicular to grain
Characteristic bending strength

Characteristic tensile strength parallel to grain
Characteristic tensile strength perpendicular to the grain
Characteristic shear strength (parallel to grain)
Characteristic shear strength perpendicular to the grain

Maria GUGGENBERGER
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3.2.2 BSPhandbuch [6]

The competence center competence center holz.bau forschungs gmbh and the
Institute of Timber Engineering and Wood Technology Graz University of
Technology indicate the following determining procedures to work with CLT. The
results are based on tests.

A condition to choose a computational procedure is given by the length to high
ratio L/H.

% > 30 Euler-Bernoulli Beam
15 < % <30 Timoshenko Beam
15 > % Shear-flexible Multi Layer Beam

Is the L/H ratio greater than 30, the theory of Euler Bernoulli is proposed. The
shear deflection is insignificant. The theory of Timoshenko will be taken for the
calculation of the internal forces and the deflection when the L/H ratio between

15 and 30. Further a ratio smaller than 15 induces a shear-flexible multilayer
beam.

For CLT only the Service Class 1 and 2 conditions are permissible. This
circumstance was defined to limit the swell and shrinkage properties.

In addition the long term factor kgt shall be considered in the calculation of the
deflection. For Service Class 1 condition a k4. factor of 0.85 and for Service Class 2
condition a kges factor of 1.1 is proposed.

The Bending stiffness for cross laminated timber is determined as
Kee = X(UI; * E;) + X(A; * ef + Ey). (3.45]

The bending elasticity module in the transversal layers may be taken as Eqy=0.

The Shear stiffness for cross-laminated timber shall be calculated as

Scie = Sges * K [3.46]

Sges = 2(Gi * by x t;) = X(G; * Ap) (3.47]

k=1 / (5 ) 5 (25() ; ) [3.48]
ges * iz * I T
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where: S(z)... static moment in dependence on z

G(z)... shear modulus in dependence on z

b... width of the cross section

The shear correction factor x is a parameter which respects the material qualities

and the geometry. The next figure demonstrates x-factors for different cross

section.
_ 1.0 i
. 3layers ===
0.8 S 08 A 5layers =gy
0.6 0.6 \ I
K K
0.4 0.4 \ A
: 61 ( 024) 026 026 027 027 0,26 T A
' o " ] = -t - e
0,2 - 0.2 Peaa -
9 ‘ ‘ j ' 2055 02 04 06 O’igs 0
1 3 5 7 9 11 13 ; ‘ k ' ’ 1,
a) Number of layers (t=const) b) tiong./ttot.

Figure 6: a) Shear correction factor for multilayer cross section with constant single layer
thickness; b) Shear correction factor for 3 and 5 layer cross section with variable single layer

thickness [6]

According to the BSPhandbuch the bending stress can be expressed as

o(z) =%*Z*E(Z).

where: a(z)...
M...
KC/I""
Z...

E(z)

[3.49]

Bending stress in dependence on z

Bending moment
Bending stiffness for CLT
Distance according figure 7

E-modulus in dependence on z

t::It

Figure 7: CLT cross section [6]
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In addition the shear stress shall be

V*fAO E(z)*z+dA
=—2 3.50
©(20) Kcie*b(20) [ ]
where: 7(zp)... shear stress depending on the coordinate
of the thickness
V... shear force
Ao... Area between z, and the looked at edge
E(z)... E-modulus dependence on z
Z... Distance according figure 7
K. Bending stiffness for CLT
b(z)... Width of the CLT cross section
Design comprehensive stress perpendicular to the grain
F
O¢,clit,90,d — tefib' [3.51]
where: 0, ¢ 90,4--- design compressive stress for CLT perpendicular to
the grain
F... design force
tef... calculative effective thickness to calculate the
total contact surface
b... width of the CLT cross section
Specified strengths for CLT:
fmeiee = ki * fmgiek (3.52]
where:
fmgitk--- bending strength of the appropriate GLT class
o 1.1
k; —mm{1+0.025*n forn>1 [3.53]

The factor k; (according DIBt) shall take the variance of the bulk material in
consideration. It describes a system coefficient.

The Institute for timber construction and timber technology (Graz University of
Technology) proposes a partial safety factor yy=1.25.

The verification of stress is defined according the following equations. The
equations were derived from the determining procedures of the Eurocode. The
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approach for CLT is based on the use of the CLT parameters for strength and

stiffness of the CLT cross section.

Om,iedge,d _ Mg ( ti)
—LeA9eE < . =4 (p. 4+ 4 .
o = 1.0 Omiedge,d Kt e + ) * E; [3.54]
Tr,id Vinax,d*2(Sm*Em)
—=<1.0 Tpjg = ————"—= 3.55
freitd rid Kcie*bi [ ]
Tv,i,d Vinax,d*2(Sm*Em)
—=<1.0 Tpig=—"-—""" 3.56
focitd vid Kcie*bi [ ]
where: b;... width of the cross section
i... Index of examined layer
Smeee static moment of a specific layer
En... modulus of elasticity of the appropriate
layer

Deformation and creep

To calculate the deflection with the theory of Timoshenko the following equation

shall be taken:

1 _ 1 —
w = «[[M*«M=dx]+—][|V*V=xdx 3.57
Keie [f ] Scit [f ] [ ]
Internal forces due to action load: Internal forces due to virtual force:
- = = =

M

Figure 8: Internal forces for a calculation of the deflection according Timoshenko
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For the verification of the deflection the deformation due to permanent load, live
load and long term action permanent load shall be taken into account. The
different combinations for the verification are limited according table 19.

el S—

e i ! e Xi W, i

CS ~ w. — fi
el inst e W,
~T - P fi
- R e et s B i - Whet fin "
- w, -
— Zcreep y —— Y Y
z

'y
¥

Figure 9: Components of deflection [4]

Wt W et fim Wan
Beam on two (/300 to £/500 £1250 to £/350 £/150 to /300
supports
Cantilevering £1150 to £250 £i125 to #1175 75 1o £M150
beams

Table 19: Examples of limiting values for deflections of beams [4]

Vibration performance (EU)

The advantages of CLT are the high natural weight and bending stiffness in
transversal direction due to the solid and flat construction. As well the damping is
higher due to the longitudinal and transversal layers.

To not cause vibrations that can impair the function of the structure or causes
unacceptable discomfort to the users the frequency, the deformation and the
acceleration of vibration are limited.

Therefore the natural frequency of a beam can be expressed as:

f _ ™ |EDL
el ™ 52

= fpeam [3.58]

m

Where (El)_ has to be replaced with the CLT parameter K.

The natural frequency of a slab can be expressed as:

, 1 b, +[ED
fstab = foeam * 1+F a:Z*4 m [3.59]

Where (El), has to be replaced also with the CLT parameter K. In longitudinal
direction and (El)q with the parameter K in transversal direction.
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The BSPhandbuch lists three verification procedures on the design criterion for
vibration performance. At first the DIN 1052 is cited, then the EN 1995-1-1 and
also the method by Hamm/Richter.

DIN 1052:

Wperm < 6mm
feperm = 7.2Hz
a< 0.1m/52

For lower requests the DIN 1052 allows also:

Wperm < 9mm
fe,perm = 6Hz

The permanent deflection is expressed as:

Wperm = Wg,inst + P, * Wo,inst = W(g) + 0.3 * W(p) [3.60]
e EN 1995-1-1:

fe = 8Hz

w < 4mm

Where the deflection is caused by 1 kN load on the most unfavourable position on

the beam.

If the natural frequency is greater than 8 Hz it should be satisfied that:

where:

&

|

<a [3.61]

v < pthd-1 [3.62]

according to figure 10 [mm/kN]

according to figure 10

maximal instantaneous vertical deflection caused by a vertical
concentrated static force F applied at any point on the floor, taking
account of load distribution;

unit impulse velocity response, i. e. The maximum initial value of the
vertical floor vibration velocity (m/s) caused by an ideal unit impulse (1 Ns)
applied at the point of the floor giving maximum response. Components
above 40 Hz may be disregarded;
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Z.. modal damping ratio

150
140
130
120
110
b 100
90
80
0
60
50

0 1 P 3 4 Key.
1 Detter performance
a [mm/kN] 2 Pcorer performarice

Figure 10: Recommended range of and relationship between a and b [4]

404 + 0.6n40)

mbl + 200
where: V... Unit impulse velocity response [m/(Ns?)]
Ng... number of first-order modes with natural frequencies up
to 40 Hz
b... floor width [m]
m... mass [kg/m?]

P

floor span [m]

{((40)2 1) (b)4 (EI)L}O'25

n = _ _ —_

" fi 1) (EDq

where: (El)q... equivalent plate bending stiffness [Nm?2/m], of the
floor about an axis parallel to the beams, where (El)q < (El),

e Hamm/Richter:

fe = fgrenz

forenz = 8Hz for evaluation from 1.0 till 1.5

fgrenz = 6Hz for evaluation from 1.5 till 2.5

WokN < Wyrenz deflection under 2 kN single force at the
most unfavourable position

Wyrenz = 0.5mm for evaluation from 1.0 till 1.5

Wyrenz = 1.0mm for evaluation from 1.5 till 2.5
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The restriction of the acceleration of vibration or speed of vibration is given by

Hamm/Richter. The acceleration of vibration is to verify when the frequency is
under fgrenz.

fmin = fe < fgrenz
fmin =45Hz

a< Agrenz
Agrenz = 0.05m/52 for evaluation 1.0to 1.5

Agrenz = 0.10 m/sz for evaluation 1.5 to 2.5

Where the acceleration of vibration a [m/s?] is calculated with:

0.4 * F(£)[N]

a[™/2] =

m kg/mz * 0.5%b[m] *0.5%Llm]*2=x(

where: F(t)... dynamic force (ex.: heeldrop)
m... Mass
b... Width
L... Length
C Modal damping ratio
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4. STANDARD TEST METHODS OF
STATIC TESTS OF LUMBER

4.1 Canadian Standard

4.1.1 ASTM Standard [8]

ASTM D198: Flexure and Shear

The test method for flexure determines the bending properties of structural
beams made of solid or laminated wood or of composite constructions.
Primarily the procedure is intended for beams of rectangular cross section.
The test method is also valid for beams with round and irregular shapes such
as round posts, I-beams or other special sections.

The beam is subjected to a bending moment. The specimen is supported near
the end of the beam. The loads apply symmetrically between the supports.

o~ oom s
A

L.;.usm.,____l-- =y |
N L]

=L )

Figure 11: Flexure test method with two-point loading [8]

Figure 11 shows an example for a test set up. Obvious from the figure is the
position of loading and supporting. Center-point loading or two-point loading
shall be used for evaluation of shear properties.
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Using the full span deflection the apparent modulus of elasticity shall be

calculated. The shear free deflection is used to calculate the true or shear-
free modulus of elasticity. The shear free deflection occurs there, where the
bending moment is constant.

+«——— a —T p/2 p/2 r— a —»

® =
< L >
M

W ____________________ E
\

Figure 12: Test configuration, Bending moment and shear force under two point loading;
shear free deflection between the loads

The identification of the specimen shall be as expansive as possible by
including the origin or source of supply, species and history of drying and
conditioning, chemical treatment, fabrication and other pertinent physical or
mechanical details that may affect the strength. The character of the
dissimilar materials and their size and location in the beam shall be reflected.

The conditioning of the specimen shall be in moisture equilibrium under the
desired environment conditions, according test methods D4442 from ASTM.

The speed of testing is defined by bringing on the maximal load in about 10
min which should be reached in not less than 6 min or more than 20 min. “A
constant rate of outer strain, z, of 0.001 mm/mm*min will usually permit the
tests of wood members to be complete in the prescribed time.” [8]

“The load and the deflection at first failure shall be noted, at the maximum
load and at points of sudden chances. Loading shall continue until complete
failure or an arbitrary terminal load has been reached.” [8]

Failure shall be documented in detail as to type, manner and order of
occurrence and position in beam. The documentation shall be related to
drawings or photographs of the beam. The beam shall be hold until an
examination will be done and the analysis of the data has been completed.
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Physical and mechanical properties and their appropriate adjustment for the

beam shall be calculated in accordance with the following table.

Mechanical Two Point | Third Point | Center Point
properties Loading loading Loading
Fiber stress at 3P'a P'L 3P'L
proportional limit, D bh2 2bh?
St
Modulus of 3Paxd PraxL 3PnaxL
rupture, Sg bh2 bh? 2bh?
Apparent modulus Pa 23pL3 PL3
- 2
of elasticity, E; 4bh3A(3L 108bh3A 4bh3A
— 4a?)
Modulus of Pa(312-4a?) 23p13 pL3
elasticity, E (shear | 4pp3a(1- 2P0 | 1080n3a(1—pey) | 4bh3a(1-1 20 )
corrected using A)
Modulus of 3PaL% PLL% }
elasticity, E (shear TV EINR 2bI3A. .
corrected using A) kb L
Ratio between 12h2E 20 12h2E
_ 20,2 -
deflection at the taGL 4a):2h52‘2 J#
2_ 2
load point and T ?LZ + 125}:;15
deflection at the
midspan, c,
Work to PAc, PAc, PA
proportional limit 2Lbh 2Lbh 2Lbh
per unit volume,
Wi,
Approximate work Ay 16y ApyLC1Co Aprcq
to maximum load Lbh Lbh Lbh
per unit volume,
WML
Approximate total ArLciCy Arpcicy Arpcq
work per unit Lbh Lbh Lbh
volume, Wy,
Maximum shear 3P ax 3P ax 3P0y
stress, Tmax 4bh 4bh 4bh

Table 20: Flexure formulas (ASTM D198 Annex X2 Flexure)

The parameters of the length (L), force (P) and distance (a) are given in figure
12. Further the width (b) of the panel and the high (h) of the cross section is
to take from the according tested specimen.
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In addition the test method for shear stiffness determines the coverage of
the modulus of rigidity or shear modulus of structural beams made of solid or
laminated wood. The measure out of the application to composite
constructions gives the apparent or effective shear modulus away. Primarily

the procedure is intended for beams of rectangular cross section. With an
appropriate modification of the equation coefficients other sections are also
applicable.

The test specimen is a straight or a slightly cambered beam of rectangular
cross section. It is subjected to a bending moment and supported near the
end of the beam. A single transversal load applies in the midway between the
supports. A single observation of coordinate load and deflection is taken
during a prescribed rate of the beam. At least four different spans shall be
tested under this procedure.

Other than the mentioned facts the test set up is identical to the test method
of flexure. The span of the specimen shall be choose approximately equal
increments of (h/L)?, within the range from 0.035 to 0.0025.

The shear modulus is proportional to the slope of the best-fit line between
the plotted 1/E; and (h/L)? determined in the test mehtod.

—

(1/psi}x 107
__3 {1/MPajx 1D-2

o
1

104 lEL

Slope (Ky) = 266 x 107 (1 fpsi)
= 386 ¥ 10-5{1 /MPa}

L/h

Figure 13: Determination of shear modulus according ASTM D198

Shear modulus formula

Apparent modulus of elasticity, E (center point loading):
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PL3
Ef = 281h [4.1]

Shear modulus, G (rectangular section):

G=— [4.2]

G=— [4.3]

1_1,.3 (b Y
Ef_E+4KG( /L) [4.4]

The factor K, is the slope of the line through multiple test data plotted on
(h/L)? versus (1/E;) axes (see figure 13). The factor K is defined as shear
coefficient. Further the shear modulus is given as G.

3

1= m [4.5]

K = g Rectangular section

9 . .
K=— Circular section

10
G=-> Rectangular section

5 . .
G=— Circular section

6K
ASTM D1990

“Assume that it was desired to form a new species grouping from four
separate species with allowable properties developed for several sizes and
grades of nominal 2 in. (1.5 in. actual) thick dimension lumber. To adequately
sample this matrix required sampling from at least two grades and three sizes
of each grade. For this example, the grading system used was developed from
the stress ratio concepts of Practice D 245. Specific grade descriptions are
given in Refs (1, 2, 3, and 4). The sample matrix used consisted of Select
Structural (65% bending strength ratio) and No. 2 (45% bending strength
ratio) grades, of nominal 2 by 8 (1.5 by 7.25 in.) widths.” [8]
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Raw test data

Adjust all data to 73°F (23°C)

Adjust all data to 15% MC Annex Al

Summarized data presentation section 5

Adjust all data to 1.4 in, by 7.25 in. by 144 in. Section 10.3

Group species for mechanical properties Section 10

Tolerance limit properties Section 10.3 Mean/median properties Section 10

Tast cell data check Section 9.3

| YES
-CL\\ Madel values above confidence intervall? ____’)—— lower combined dzta toler

NO

Establish characteristic valuc

Estimate untested propertes Section 9.5

[

Establish grade model Section 11

Adjust all daia Mo widls Secion 12.2

1
— It darived propersy value grzater than the lesser of cither test call point estimate >
— plus 100 pdl, o testcell sstmate plus 5 percent of the poink estimate? Section 12.6

YES]

NO

Retdue estimale Lo euusl puint estinele

Reduce valuss by factors ih Table 2 Secton 12,7

Round valuos to linvts i Table 2 Soction 1

¥ES
i

- Nevzlap wat use peoperty vanuse? Saction 1205 _.—-"}_
NO |

Adjust property valdes by Table 1 factors

Lllowiable properies

Figure 14: Flow diagram ASTM Standards (ASTM D1990)
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Figure 14 demonstrates an example of allowable property development.

“It was intended to sample a minimum of approximately 200 pieces
representative of the entire parent population en each size-grade test cell for
each of the four species. The sampling plan chosen required taking a
minimum of 10 pieces in a size/grade/species cell at a sampling site to provide
additional data on small production lots. The sampling plan and availability of
material in specific sizes resulted in actual sample sizes both above and below
the target size. The samples were tested at the sites of production under
ambient conditions in accordance with Test Methods D 4761. Tests were
conducted for modulus of elasticity and modulus of rupture only.” [8]

ASTM D2915: Statistical Methodology

In this section of the ASTM the statistical methodology for sampling and
analysis procedures are described. Two general analyses are cited, the
parametric and the nonparametric method. The nonparametric approach is
more conservative than the parametric analysis because the nonparametric
approach requires fewer assumptions. “The parametric approach assumes a
known distribution of the underlying population.” If this assumption is
incorrect it may lead to an inaccurate result. “Appropriate statistical test shall
be employed to substantiate this choice along with measures with test
adequacy.” [8]

ASTM D4761: Bending flat-wise third-point loading

Besides bending edge-wise the ASTM D4761 maintains bending flat-wise
under center point loading and third-point loading. With the third-point
loading strength and modulus of elasticity of stress-graded lumber and other
wood based structural material in flat wise bending are determined on short
span. The test specimen is simply supported. The loading effects on the wide
face by two equal, concentrated forces spaced equidistant between the
supports. The load shall affect at third-point. The test ends when failure
occurs or a preselected load or deflection is reached.
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LR e

~SEET LDEE

18 i = &10 rmm
48 in = TFR20 mim

Figure 15: Schematic representation of static bending testing device

The testing machine combines three main parts: “a reaction frame to support
the specimen, a load mechanism for applying load at a specific rate or
prescribed load interval and a force measuring apparatus that can be
calibrated to the accuracy requirements. The standard span for this test is 32
times the depth for nominal 2 in. (38mm) lumber.”[8]

4.1.2 CLT test methods for “Producer A”

For a Canadian producer several CLT elements were tested and evaluated. In
the following the company’s name for which the certification was made will
be called “Producer A”. The source of the following information is from
FPInnovations report for the concern company.

Bending moment capacity and stiffness (Mg and EIl)

To evaluate mechanical properties of proprietary CLT panels a series of
experiments was made. For “Producer A” ten specimens for each
combination were tested. The apparent and true bending stiffness as well as
the bending moment capacity were determined from bending tests. The
ASTM Standard D198-09 (ASTM, 2011) was used.
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The bending evaluation was performed with a span to depth ratio of about

30. The shear deformation was determined with different test spans. The
load was applied at third-point on the top of the CLT panel using load bearing
blocks.

i i . -
Figure 16: test set up and specimen with yokes at the neutral axis (source FPInnovations)

A way controlled procedure is used to determine the bending stiffness. First
the true effective bending stiffness (El)efrue) Will be determined by measuring
the deflection under a constant displacement (8mm/min). The deflection will
be measured by two gauges. The gauges were installed on yokes positioned
at the neutral axis of the beam between the two loading points. For
evaluating the apparent bending stiffness (El),,, load was applied until the
failure of the specimen. First the electronic gauges (LVDTs) were removed
and positioned at the bottom edge of the specimen at mid-span. Than the
loading rate was increased to about 20 mm/min until failure occurred (5-10
min after the test has started). With this data the load-deflection graph can
be plotted. The section between 0.1 F,, and 0.4 F.,, is used for a linear
regression analyses.

The supports and loading point allowed rotation of the beam. In addition the
beam was mounted on ball bearings to allow translation. For acquisition the
testing data the MTS Systems Corporation's TestWorks™ program was used.
In the failure zone of the tested specimens the moisture content and the
specific gravity measurements were taken.

Apparent MOE (MOEapp) and Bending Moment Capacity (M)

The equations used for the calculation of MOEapp and M, go as followed:
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Moment of capacity (M,):

Pa PL PL
M, == == [4.6]

Module of Elasticity:

MOE,,, = —& [4.7]
app " 4.7ph3A :
where:
P: Maximum load
L: Span
b: Width
h: Depth
A: Mid-span deflection (acquired from LVDTSs)
True MOE evaluation
_ PLL}

MOE; e = T [4.8]
where:
P: Maximum load
L: Span
Ly: Yoke span
b: Width
h: Depth
A Deflection of yoke’s neutral axis measured at mid-span (acquired

from LVDTs)

Horizontal Shear Strength

The horizontal shear strength (longitudinal shear strength or shear in plane)
was also tested in principle with ASTM. For “Producer A” seventy CLT
specimens were evaluated, which are 10 for each combination. A single point
load at center span was applied at the top of the CLT panel. The panel width
was determined with 305mm, which is equal to 1 foot. The span to depth
ratio varied of about 6 to 8 in (15.24 to 20.32 mm). A constant displacement
rate of 25 mm/min until failure occurred, loading was applied. After 2-5
minutes the test has started failure was detected.
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Results

The geometric data of the examined cross sections are:

Layer ‘ Thickness | QOrientation Material
1 255 mm 0 1850Fb-1.7E
2 27 mm a0 Spruce-Pine-Fir No.3
3 255 mm 0 1850Fb-1.7E
Width 305 Thickness H
Figure 17: 78-3s, 3 layer cross section
Layer ‘ Thickness ‘ Orientation Material
1 35 mm 0 1950Fb-1.7E ES0=0
2 35 mm a0 Spruce-Pine-Fir No.3
3 35 mm 0 1950Fb-1.7E ES0=0
4 35 mm a0 Spruce-Pine-Fir No.3
5 35 mm 0 1950Fb-1.7E ES0=0
G 35 mm a0 Spruce-Pine-Fir No.3
7 35 mm 0 1950Fb-1.7E ES0=0
Width 305 I:D Thickness H |:D

Figure 18: 245-7s, 7 layer cross section

Layer | Thickness ‘ Orientation Material
1 35 mm 0 2250Fb-1.9E E90=0
2 35 mm a0 Spruce-Pine-Fir No.1/MNo.2
3 35 mm 0 2250Fb-1.9E E90=0
4 35 mm a0 Spruce-Pine-Fir Mo 1/MNo 2
3 35 mm 0 2250Fb-1.9E E90=0
il 35 mm a0 Spruce-Pine-Fir No.1/MNo.2
7 35 mm 0 2250Fb-1.9E E90=0
a8 35 mm a0 Spruce-Pine-Fir No.1/No 2
] 35 mm 0 2250Fb-1.9E E90=0
Width a0s([ ]|  Thickness =l

Figure 19: 314-9s, 9 layer cross section

Layer ‘ Thickness ‘ Orientation Material

1 35 mm 0 2250Fb-1.9E ES0=0

2 35 mm 0 2250Fb-1.9E E90=0

3 35 mm a0 Spruce-Pine-Fir No.1/Mo 2 EB0=0
4 35 mm 0 2250Fb-1.9E EQ0=0

5 35 mm a0 Spruce-Pine-Fir No.1/Mo.2

G 35 mm 0 2250Fb-1.9E EQ0=0

7 35 mm a0 Spruce-Pine-Fir No.1/Mo.2 EBO=0
g 35 mm 0 2250Fb-1.9E E90=0

9 35 mm 0 2250Fb-1.9E E90=0

Width 305 I:D Thickness H |:D

Figure 20: 314-9s, 9 layer cross section, first 2 layers longitudinal

The following graphic contains the results of the first testing phase for

“Producer A”. In addition a comparison with calculated values was made. The

calculation of the values, which will be compared to the results for “Producer
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A”, was made with the software tool Cross Section Analyser of the
competence center holz.bau forschungs gmbh.

1st phase long.
30000 %
@ 1st phase
25000 —mrcalculated o
E 20000 dif . 1ph.
2 X dif I. clac.
S 15000
*’\
% 10000 ]
“ 5000
0 |
0 100 200 300 400
thickness [mm]

Diagram 1: True effective bending stiffness — longitudinal axis

Diagram 1 demonstrates the true bending stiffness in longitudinal axis in
dependence to the thickness. The values for the measured and calculated
cross sections are nearly the same (see table 21). The values for the cross
section with two parallel layers on the outside (dif |. 1ph./calc) shows a higher
(El). The calculated values for (El)efrirue) @are higher as the measured values of
the tested elements with one exception. The calculated (El)esrue) Of the 3
layer panel is lower.

thickness | (El)etrue) long. | (EI) long.
x10° N
mm x10° N mm? mm?

1st phase calculated

78 562.00 443,99

245 9748.00| 10306.08

315 22187.00| 22976.00

315 28431.00| 29599.00

Table 21: True effective bending stiffness in longitudinal direction

The values of (El)efrirue) Shows good agreements. However the differences are
created by calculation parameters which are not in accordance with the
reality. This would mean that the used material has lower capacities as given
in the certification.

Maria GUGGENBERGER
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30000

25000

20000

15000

10000

El ttierue) *10° Nmm?

5000

1st phase trans.
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Diagram 2: True effective bending stiffness — transversal axis

Diagram 2 demonstrates the true bending stiffness in transversal axis. All

calculated values are lower than the values of the experiment. Cross sections

with a higher number on layers show a greater deviation as the other cross

sections. The cross section with the different assembling (two parallel layers

on the outside) has a lower (El) in transversal direction.

thickness | (El)efitrue) trans. | (El) trans.
x10° N
mm x10° N mm? mm?

1st phase calculated

78 14.76

245 3998.00 3219.70

315 12057.00 8436.00

315 5224.00 3401.00

Table 22: True effective bending stiffness in transversal direction

Also in table 22 occurs a difference which arises discrepancies.
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4.2 European Standard

ON EN 789 [9]: bending properties

To test the bending properties the ON EN 789 2005 04 underlies the
expirements.

The test piece is defined by a rectangular cross section. The width shall be
30015 mm. The length of the specimen is (see figure 21) depending on the
nominal thickness of the panel.

The load equipment shall be documented on 1% of the measurement.
Appropriate loading equipment is required.

The following figure expresses the application of how the load shall be
induced on the panel. The supports, positioned near the end of the panel,
and the load device shall be applied by rollers with a diameter of 301 mm.
The distance between the supports and the load point depend on the
nominal thickness (16 x t). The distance |,, according figure 21, shall not
exceed 4001 mm nor be less than 2401 mm.

ly=161¢ I3 =300 lo=161

1y=250

240 mm < [,= 16 1 < 400 mm

Figure 21: Arrangement for bending test (sizes in millimetre) [9]

The test procedure occurs under a continuous rate of loading until the
maximum load is reached within 300120 sec. The mean value of 300 sec is
aimed.

The measurement of the deflection shall be taken on both sides midway
between two points (not less than 250 mm apart) on the axis of the test
specimen.
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Grazm
Load I
1
J‘E L R B, e _n‘ld.jr-l'lul
e B e 01 Fraa
&
s | |
[ 1 |
T 1
L Ly

Ceflection or deformotion

Figure 22: Load-deflection or deformation graph within the range of elastic deformation [9]

The elastic modulus of the tested specimen is the arithmetical mean of all
elastic modulus of all test specimens for one category of test specimen.

The expression of the test result for bending is defined by the following
formula:

¢ Modulus of elasticity:

_ (F—F)21,
Ep = 16(uy—uq)l [4.9]

where:

F-F;... increment of the load between 0.1 F,,,, and 0.4 F.,, (figure 22) [N]
uy-Us... increment of the deflection corresponding to F,-F; using figure 22

e Bending strength:

Fmaxl
fm =0 [4.10]
® Moment capacity:

Miypax = Fm;xlz [4.11]
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The following equations express the deflection of bending for a rectangular

cross section according the arrangement of figure 21 when l,=l3=lycam/3.

Deflection caused by bending:

23 M 23 Fxaxl?
— * max* 2

WB =216 " TE = 36 ErbenZ [4.12]
Deflection caused by shear:
_ 1 OQmax __Fxlxx
Ws = 3 * GA ~ 6xG+b*h [413]
K
The entire deflection of the beam:
Wges = Wp + Ws [4.14]

The advantage of the four point test configuration is the shear force free
section in the middle of the beam. This section gives the bending stiffness
away. With the bending stiffness known, the shear stiffness can be calculated
approximately.

A disadvantage of this procedure might be the high variance in the shear
stiffness if the bending stiffness is subjected to dispersion.

To reduce the dispersion, a three point test configuration with variable span
shall be investigated. The average of these measurements might reduce the
errors. With the deflection in the middle of the beam an apparent E-modulus

is available.
Fxl3
Wy = ————— [4.15]
48*Eapp*?
Wy bsr3\ 71
Eapp = (4 %22+ 220) [4.16]
_ _ Fxl13 Fxl
Wy = W + Wg = wEbE T g BE [4.17]
K
1 1k (h\?
Py ETG" (%) [4.18]

Determination of shear modulus (prEN 408 page 13)
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ON EN 789 [9]: shear properties

Further test method for the shear properties will be cited. It has to be
distinguished shear rectangular and shear parallel to the plate. The Eurocode
defines shear rectangular to the plate as panel shear and shear parallel to the
plate as planar shear.

The panel shear properties shall be tested by loaded surfaces, which are
smooth and parallel to each other and at right angles to the test piece length.

The next figure shows the specimen and the test set up according the ON EN
789:

=

F=load
T

% R=150

. ul ———

L t=thickress
Rail e
_ Size=inmillimetres
Test piece }27\ 2 %
)
45 o

45 | 150 | 145
|

Figure 23: The specimen and test set up for panel shear test, according [9] Annex B

The shear modulus of rigidity G shall be determined by measuring the
deflection with two gauges attached to both sides of the test piece, parallel
to each other. The compression diagonal at 45° to the rails, which passes the
center of the shear area, lays down the gauge length along the measured
deformation.

The loading method occurs evenly over the top surface of the uppermost rail
as single force. The load applies along the longitudinal axis of the test
specimen, parallel to the rails. The next figure demonstrates an appropriate
apparatus.
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IO (0f |
I /) [
= ’&f '
o} . &
/AN - I
i

ﬂl buun 1

Figure 24: Loading arrangement for panel shear test (sizes in mm)

The test procedure occurs under a continuous rate of loading until the
maximum load is reached within 300120 sec. The mean value of 300 sec is
aimed.

The measurement of deformation is determined as the average of the
measurement taken on each side of the test piece. The measuring devices are
attached to the test specimen. The deformation shall be documented to the
nearest 0.005 mm.

The report shall document the failure mode of the specimen, the failure of
any piece in another manner than by panel shear on the face of the specimen
between the rails.

With the test data the load-deformation graph is available. The sections
between 0.1 F.,,, and 0.4 F,,,, are used for a linear regression analyses.

The panel shear modulus of rigidity is expressed as:

C= 0.5(F—Fp)ly [4.19]

(uz—uyit
where:

F>-F;... increment of the load between 0.1 F,,,, and 0.4 F., (figure 22)
Uy-Us... increment of the deflection corresponding to F,-F; using fig.22

u, and uj... means of the deforamtion measured on both faces

/... the gauge length

l.. the length of the specimen along the centre line of the shear area
t... the average thickness of the specimen
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The panel shear strength can be expressed as:

Fmax
f=me [4.20]

Where F.x is the maximal load applied up to failure.

The planar shear properties shall be tested by applying a projecting end of
one of the steel plates, parallel to the test piece length direction. During
testing a test rig for holding the test piece is necessary. The next figure
demonstrates the principle of loading.

F
I_"S
£
_| &tesl
225
¥ 50
HI-l
I
5l ]

Figure 25: Loading arrangement for planar shear

The test procedure occurs under a continuous rate of loading until the
maximum load is reached within 3001120 sec. The mean value of 300 sec is
aimed.

The planar shear modulus of rigidity is determined by the data from load-
deformation curves. The linear displacement of one of the two steel plates to
the other stands for the deformation. Two dial gauges or linear transducers
shall measure the deformations. One gauge is placed on each side of the test
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specimen in order to compensate for inaccuracy in gluing or loading. The

deformation shall be documented to the nearest 0.002 mm.

Abnormally test results can occur because of different manners of failure
within the thickness of the specimen. Any failure shall be reported separately.

The planar shear strength shall be expressed as:

Fmax
fr== [4.21]

where:

Frax--. Maximum load obtained during testing
b... width of the test specimen
l... length of the test specimen

With the test data the load-deformation graph is available. The sections
between 0.1 F,,.x and 0.4 F.,, is used for a linear regression analyses.

The planar shear modulus of rigidity shall be expressed as:

_ (KR-Ft
G, = r— [4.22]
where:
t... panel thickness of test specimen

F,-F;... increment of the load between 0.1 F,,,, and 0.4 F,, (figure 22)
Uy-Us... increment of the deflection corresponding to F,-F; using fig.22

u, and uj... means of the deforamtion measured on both faces
b... width of the test specimen
l.. length of the test specimen
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CHAPTER

5.COMPARISON

In this chapter several comparisons of the strength and stiffness parameters
and the proposed design methods will be demonstrated. First the parameter
study will be done on a single span beam. After that the parameters and
design guidelines will be compared at a continuous beam.

Also a comparison of the material parameters will be done. A comparative
calculation of (El)s will be cited.

Note: In the following examples the rolling shear strength will be called f, and
the rolling shear stress tys for the Canadian and the European parameters.
This shall prevent from mixing the resistance capacities (M, and V,) with the
shear parameters (European Index “r”).

5.1 Example: 5 layer single span beam

5.1.1 Comparative view on the “Simplified Method” and
the Shear Analogy Method

As first example a simple span beam with a 5-layer panel was chosen. Dead
loads and live loads have an effect on the system. With this system the Shear
Analogy Method will be scrutinized. More exactly declared the “Simplified
Method” of the Canadian CLT-Handbook will be compared with the
calculation according the Shear Analogy Method with the CLTdesigner. The
European values of strength and stiffness are taken.

5.1.1.1 First part: calculation and comparison of bending stress and
shear stress of each method

Before the verification of bending and shear can be compared, the bending
stress, the shear stress and the rolling shear stress will be observed.
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e Material: C24
e Service Class 1

Figure 26: CLT Cross section (CLTdesigner) e Office areas

. =2.1kN
t, - 34/30/34/30/34 Gr . 16 m?
to = 162mm * q=3.00"Y/ ,
b =1000mm e [ =4800mm

] g0k

4.8m
Fig‘ure 27: Single span beam with a width of 1m (CLTdesigner)

v

“Simplified Method” CLTdesigner: Shear Analogy Method

Predominant load combination:

Eq = Y6 * Gk ceiting T Yo * dk

Figure 28: Internal forces for shear force, beam A and beam B (CLTdesigner)

According beam theory: According CLTdesigner:
- qxl Vinax.a = 2.13kN
max 2 _
Vinaxg = 15.45kN
_ (1.35% 2.1 +1.50%3.0) 4.8
B 2
= 17.1kN
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ma

(]

e

Figure 29: Internal forces for moment, beam A and beam B (CLTdesigner)

According beam theory: According CLTdesigner:
q*1? Moy = 0.65kNm
Miax = T
Mo p = 20.44kNm
_ (1.35 % 0.89 + 1.50 * 3.0) * 4.82
B 8
= 20.52kNm

Module of elasticity

Eomean = 12000N/
GO,mean = 690N/mm2

G9O,mean =50 N/mmz

500 mm

182 mm

z
1,000 mm

Figure 30: Cross section 5-layer panel C24

(EDyy 4 = 1.196 * 10" ' Nmm?
(ED)yyp = 3.365 * 10'2°Nmm?
(EDog = Kggp = 3.485 * 102Nmm?

(GA)Z,A = ®
(GA)Z,B =1.26 * 10’N

Bending stress
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h [mm]
N

182

-25

Figure 31: Bending stress (CLTdesigner)

o5 : [N/mm?]

2 Ieff * Agross

I (EDess  3.485 + 1012 o Minax «E. %z
= = A = . .
eff E 12000 max A i i
=2.90 * 10®mm*
_ M ax
Omax,B = B * Ei * Zj
A
Omax Omax,A + Omax,B
Omax = =25 0.5 hiot N
eff =5.78 >
_20.52:10° mm
~72.9.108
x162 =5.73 2
mm
Shear stress
3 * Vinax Igross Viaxad * Ei * tlZ
Tmax = * -

Tmax,A -

8 * BA
3%17.1%10%%3.54%108 . _—
2+2.9 %108 « 162 * 1000 Ty = B Esi

B
=0.19 5
mm Tmax = Tmax,A + Tmax,B
=0.12 5
mm
Rolling shear stress
‘L’ _ 3 * Viax Igross _ Vinaxaa *Ei * tiz
s,max 2 Ieff % Agross Ts,max,A - 8 * BA
3 8
_ 3%17.1%10° % 3.54 %10 Vinax.s.a * Ei % by * eg,
2%29%108 %162 %1000 Tsmax,B = Bp
=0.19 5
mm Tsmax = Tsmax,A T Ts,max,B
=0.12 >
mm
Maria GUGGENBERGER
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h fmm]
152
o
=
128 \
38 ——
=
ol R
.‘
- o
__.—/
o ——t— ; - —* [N/mm?]
a 0.025 0.05 0,075 0.1 0.125

Figure 32: Shear stress (CLTdesigner)

From the calculation is to recognize that the bending and shear stress shows
good agreements. In general the European bending stress is a little higher
because of the higher bending moment. In comparison the shear stress is
calculated a little lower due to the use of the gross cross section in the
Canadian “Simplified Method”.

5.1.1.2 Second part: Calculation and comparison of “Simplified
Method” and Shear Analogy Method

Further the verification of bending, shear and rolling shear for ULS and the
verification of deflection and vibration for SLS will be cited. The boundary
conditions and material parameters are equal to 5.1.1.1.

Verification

Combination factors:

kmod = 08

Value of strength

fmcier = 24 N/mmz fmcta = % =16.90 N/mmz
feeitook = 2.7 N/mmz feeitv0a = % =173 N/mmz
Foctere = 27N/, foctra =" =1.73N/
fscitk = 1.5 N/mmz*) fscita = % =0.96 N/mmz*)

YMmM = 1.25 N/mmz

f, represents f, (see note page 54)
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Bending

Fy = fp(KpKyKspKr)
=24+ (1*1*1%1)

=24 N/mm2

less
0.5h,,
=0.9 %24
2.90 * 108

* 05162
= 77.33kNm

M‘r=¢*Fb*

Mr 2 Mmax
77.33kNm > 20.52kNm

Ny = 26.53.%

Jedge,d _ 578

=——=10322<1.0
fm,clt,d 16.9

Shear

legr  2.90 %108

= =08
Ipross  3-54+ 108

CcC =

E, = f,(KpKyKsy K1)
=27« (1*x1x1x1)

=27N/

2A I
V. = &F gross eff
P s

0.9 2.7 2
= . * 2. * —
3

% (1000 * 162) * 0.8
= 210.0kN

v

2 Vmax
210.0kN =

7.1kN

M=E=oo7<10

fv,clt,d 1.72

Rolling shear

Maria GUGGENBERGER
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Comparison

24 I
v, = ¢ps_v$<i>

Igross
09%15 2
= U.Y *x 1.0 % —
3

* (1000 * 162) * 0.8
= 116.64kN

Vs,r = Vmax
116.64kN = 17.1kN

nV,S =14.66%

Tomaxa _ 0-12

fs,clt,d

=—=10.1271<1.0

0.96

nV,S =12.71%

Deflection

Figure 33: Deflection Wyey sin (CLTdesigner)

}_v

Qi = 1.0
ID - 1.0
I, =1.0
kdef = 085

Eq=@p*Ip*D +q@p*I*L
qp = 1.0 % (1.0 x2.1) = 2.1 kN/
q, = 1.0 x (1.0 ¥ 3.0) = 3.0kN/,,

5 qL* 1 ql%k

5 2.1x4800* 1

Umaxd = 367 * 3785 1012 1 g
2.1 % 48002 * 1.2

1.26 * 107
=4.74mm

= + —
tmax = 384 " EDeyy | 8 (GA)ess

Yo =Vo =10

kdef = 085
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5, 30+4800° 1

= * —
Umaxl = 384" 32851012 ' 8
3.0 % 48007 * 1.2

1.26 * 107
=6.77mm
L 4800
Umax,L < % = W = 13.33
Nw = 50,78%

Umax.tot = Umax,p T Umax,L
=474+ 6.77
=11.51mm

For verification the European limit state

for Instantaneous deflection was chosen to
non manipulate the results:

L 4800

Umax,tot < 300 300 16

nw =71,93%

Creep: according Option Il (CLT-Handbook)
kdef == 085
Because of comparison of the method,

European values were taken. Also the
limits of TUGraz were verified.

Ufinp = uinst,P(1 + kdef) =
4.74(1 4+ 0.85) = 8.77mm

Urino1 = Uinst.01 (1 + Wa1kaer) =
6.77(1 + 0.3 ¥ 0.85) = 8.5mm

Ufin = Ufinp T Ufing = 150

Ufin = Ufrin,p + Using = 17.27mm

- L _4800_32
=150 150

EN 1995-1-1: deflection

Whnax = 11.9mm

L
Whet,fin = Wrin — We < ﬁ

Nw = 72.34.%

Maria GUGGENBERGER
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Nw = 55.01%

Vibration

1 (E11m 0.293 EN 1995-1-1: vibration
< eff
9.15 (pA)°123
1 (3.485 * 10%)0293

f, = 9.0Hz > 8Hz

L= Wigy = 0.7mm < 1mm
9.15 (450 * 0.162  1.0)0-123
=5.33m v=37Mm/ < 138mMm/.
[ =5.33m > lyisr = 4.8m Vibration fulfilled!
" exiLs .
80,00
70,00
X 60,00
c
2 50,00
2
E 10,00 m "Simpl.Meth."
qé 30,00 HSAM EU
o
& 20,00 -
10,00 - .
0,00 - -
nM nv nVIS I’]W

Diagram 3: Comparison of the results from the calculation according the ,Simplified Method“
and the Shear Analogy Method

The significant verification of the simple beam is the verification of vibration.
From diagram 3 is to recognize that the factor of utilisation for bending is
higher according the calculation with the CLTdesigner. This may be due the
higher calculated bending moment resistance, because of the resistance
factor ¢. The European procedure using the design values demonstrates a
more critical verification.

The shear stress has been calculated higher (use of A,s) as well as the shear
resistance. It results a quite good agreement for shear.

The result of the Canadian calculation of the deflection is lower than the
European approach. This may occur due to the higher shear stiffness. Also a
different load combination is significant for the verification.

The verification of vibration in the CLTdesigner is fulfilled for the guidelines by
DIN 1052, EN 1995-1-1 and ON B 1995-1-1/NA 2009-07. According the
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proposed method by Hamm/Richter the verification is not fulfilled because of

lower limits for the stiffness criterion. The verification of vibration for the
“Simplified Method” is below the limit value.

5.1.2 Comparative calculation with the “Simplified Method”
and the model “BSP Graz” (Timoshenko)

In addition a comparison of the “Simplified Method” with the model “BSP
Graz” is made. The calculation of the model “BSP Graz” underlies the theory
of Timoshenko because of the length to high relation L/H=29.6. The same
boundary conditions are available: a simple span beam with a 5-layer panel.
The material C24 is chosen.

i ¥ ¥ ¥ ] gk

i ¥ ¥ ¥ ] 00k

< 4.8m

<

Figure 34: Single span beam with a width of 1m (CLTdesigner)

\

e Material: C24
e Service Class 1

Figure 35: CLT Cross section (CLTdesigner) e Office areas

o gip=21kN
t. - 34/30/34/30/34 Gik kN/ m?
tos = 162mm * q=300""/ ,
b =1000mm o [ =4800mm

“Simplified Method” Model “BSP-Graz” (Timoshenko)

Combination factors:

0; = 1.0 Koq = 0.8
Ip = 1.25 Ve = 1.35

Predominant load combination:

Eq=v¢* Ik ceiling + Yo * qk Eq=v¢* Ik ceiling + Yo * qk

Figure 36: Internal forces for shear force (RuckZuck)
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*l _ (1.25%2.1+1.50%3.0)+4.8 sl
Vmaxzq_= > = Vmax—T—
17.1N (1.35*2.1+12.50*3.0)*4.8 — 17.60kN
Figure 37: Internal forces for moment (RuckZuck)
g*l?  (1.25%2.141.50%3.0)%4.82 q*1?
Myax = P 3 = Iwmax:T=
* * * 2
20.52kNm (1.35 2.1+1;350 3.0)#4.8 — 21.12kNm
Value of strength
=24N fv
fb /mmz fm,clt,d =k * kmody_
M
— N
fC,90 =27 /mmZ =1.1%0.8 % 24
N 1.25
fo =27 /mmz =169 N/mmz
fi=15N/
_ fc,clt,90
fc,clt,90,d - kmod -
Ym
0.8 2.7
= (0.8 *
1.25
=173N/
f 2.7
fv,clt,d = kmodi = 0.8« 1.25
— N
=1.73 /mm2
fs 1.5
fs,clt,d = kmodm = 0.8 = 125 =
N *
0.96 /mmz )
*) fs g Stands for f, . g

Module of elasticity

Eomean = 12000N/ ,
Go,mean =690 N/mmz

G90,mean =50 N/mmz
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500 mm
I3
E
5 y=—
1,000 mm
Figure 38: Cross section 5-layer panel C24
(El)eff =B, + Bp K = Z(li « E))
(EDesr = 1.196E11 + 3.365E12 + Z(Ai v e? E))
= 3.485 * 102 Nmm?
343
) a2 Keie =3 1000 » ——-+ 12000
B L e T +2 %1000 * 34

1282 B * 642 % 12000
[ 34 ( 2:30 34 ) 34 ] - = 3.485

2%690%103 ' \50%103 ' 2x690%103/ " 2+690%103
12 2
*10-“Nmm

1.286 * 10’ N

Sges = E(Gi * by * t;)

Sges = 3 %69 10000 * 34 + 2
* 50 %1000 * 30
=7.34%10’N

x = 0.257
Seir = Sges *K

Sqe = 7.34% 107 % 0.257
=1.90 % 107N

Bending stress
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Comparison

25 H [N/mm?]

Figure 39: Bending stress (CLTdesigner)

_ (EDes;  3.485 10"

I ,c =
eff E 12000
=2.90 %« 108mm*

M
Omax = = 0.5 = htot
eff
_ 20.52 = 10°
~2.9%108
x0.5%162

=5.73

mm?2

M
Omax = Kml‘”‘ ¥ 1200 % 0.5 * hypy
clt
21.12 % 106

T 3485 « 1012
¥ 12000 * 0.5 * 162

=591—
mm

Shear stress

I gross

3 * Vmax

= *

Fmax 2 Ieff * Agross
3%17.1%10% «3.54 %108

T 2+2.9+10%+162 * 1000

Vmax,d * Z(Sm * Em)
Kclt * bi
17.6 103

- 12000
3.485 » 1012 « 1000
£1000 * (34 * 64 + 17 + 17/2)

Tmax =

=0.19 5
mm =0.14—
mm
Rolling shear stress
T — 3% Vmax % 1.97'055 T _ Vmax,d * Z(Sm * Em)
s,max 2 Ieff * Agross smax — Kclt % bi
3%17.1%10% %3.54 108 17.6 x 103

T 2%29+%108% %162 % 1000
=0.19

mm?

* 12000

~3.485+ 1012 « 1000
+1000 (34 * 64) = 0.13

mm?

Page 68




study research engineering test center

Verification

Figure 40: Shear stress (CLTdesigner)

Bending
Fy, = fp(KpKyKspKr) = 24 = % = % = 29,63... Timoshenko
(Ix1x1x1)=24N/
o, =ﬂ*(e-+ﬁ)*E-=
I (EDers _ 3485+10'2 _ , o edged — kg, \"t T 2 ¢
= = = . * " 6
ST E 12000 0 192, 12000 = 5.91
10 mm4 ' mm
I
M= xFyr gy -
ittot Oedge,d .
——==""=0.35<1.0
=09x24 fm,clt,d 16.9 -
2.90 * 108
O ——
0.5%162
= 77.33kNm
Mr 2 Mmax
77.33kNm = 20.52kNm
Ny = 26.54%
Ny = 34.98%
Shear
h ]
—
. |
>
) f{//J
° ,;;;f_iﬂ,ﬂﬁ 0075 a1 0125 [N’mmgl
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I 2.90 x 108 |74 *Y(S, *E)
c= eff _ = 0.8 Tyiqg = max,d (Sm m
Igross  3.54% 10 Keie * by
B 17.6 * 103
"~ 3.485 % 1012 % 1000
Fo = Jo(KpKyyKsyKr) [ 12000 * 34 * 1000 * 64
=27+«(1*1x1x1)
= N 172
277 [mm? +12000 * 1000 « — )
24 I
v, = ¢pv$<lei> =0.14—j
gross
09 % 2.7 2
=09 % 2.7 x—
3
* (1000 * 162) * 0.8
= 210.0kN
Tymaxa _ 014
V. = Vinax —fv,clt,d ={73" 0.08<1.0
210.0kN > 17.1kN
Rolling shear
2Agross Ieff _ Vinax,a * X (Sm * Ep)
Vs,r = ¢Fsv 3 I— Tsid = K. b
gross clt i
0.9+ 1.5 2 _ 17.6 * 103
B ~ 3485+ 1012 » 1000
* (1000 * 162) * 0.8 * (12000 = 34 * 1000 * 64)
= 116.64kN — 013
T mm?2
T 0.13
—smaxd _ 22 = 0.14 < 1.0
Vs,r = Vmax fs,clt,d 0.96
116.64kN = 17.1kN Nys = 13.74%
Nys = 14.66%
Deflection
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wz
w

—_————

Figure 41: Deflection w,. i, (CLTdesigner)

@;=1.0
Ip =1.0
I, =10
kger = 0.90

Eq=@p*Ip*D +q@p I *L
qp = 1.0 (1.0 x2.1) = 2.1 kN/

q, = 1.0 x (1.0 x 3.0) = 3.0kN/,,

5 ql* 1 ql%k

Umax = 384" ED),yy | 8 (GA)ess

5 2.1x4800* 1

Umaxd = 352 * 3485+ 1012 | 8
2.1 % 4800% 1.2

1.26 x 107
=4.74mm

5 3.0%x4800% 1

Umaxl = 3823485+ 1012 | 8
3.0 % 4800% 1.2

1.26 = 107
=6.77mm
_ L _4800_ ..
Umaxl S 360~ 360
Ny = 50,78%

kdef = 085

Winst,G =5.2mm

Winst,g = 5.99mm
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Umax,tot = Umax,p T Umax,L

=474+ 6.77
=11.51mm
L 4800
Umaxtot < 520 = S20 = 20
Nw = 57.55%
Creep

Ufinp = uinst,P(l + kdef) =
4.74(1 4+ 0.9) = 9.0mm

Urino1 = Uinst.01 (1 + Yo1kaer) =
6.77(1 + 0.3 * 0.9) = 8.60mm

Ufin = Urinp T Ufing = 150

Ufin = Ufrin,p + Usin,Q = 17.61mm
L 4800
<—=——7-=373
150 150

M = 55.01%

Winst = Winst,c + Winst,Q
=5.2+5.99
L
=11.19mm < —

300
4800

= m: 16mm

Nw = 69.93%

Creep

Winst,Q,perm = l/)2,1 * Winst,0
=0.3%5.99
= 1.79mm

Wcreep = (Winst,G + Winst,Q,perm)
* kdef
= (5.2 + 1.79)
* 0.85 = 5.94mm

Wrin = Winst + Wereep = 5.2+ 594

L
=11.14mm < —

150
_ 4800

—m = 32mm

N = 34.48%

Whet,fin = Wrin — We = 11.14mm
L 4600

<—=—
— 250 250
= 18.4mm

Ny = 60.54%

Vibration
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5 1 (EI;}]})O.293
=9.15 (pA)0iz

1 (3.485 * 105)02%3

~ 915 (450 * 0.162 = 1.0)0-123
= 5.33m

1 =533m> I,y = 4.8m

EN 1995-1-1: vibration

m |(ED),

h=3z

_om (3.46 = 106)
T 2%4.82 350%0.162 % 1

= 16.84
f1 =16.84Hz = f, = 8Hz
Wikny = 0.67mm < 4mm

Vibration fulfilled!

80,00

70,00

60,00

50,00

40,00

| "Simpl.Meth."

30,00

factor of utilisation [%]

20,00 -

m "BSP Graz"

10,00 -

0,00 - -
nVv

nM

nVv,s nw

Diagram 4: Comparison of the results from the calculation according the ,,Simplified Method*

and the model “BSP Graz”

The verification of vibration is predominant again. Diagram 4 shows a good
agreement for shear. The utilisation factor for bending according the model
“BSP Graz” is higher than the calculation after the “Simplified Method”. The
deflection in the “Simplified Method” has a lower factor of utilisation. This
may be due the different limit states is significant for the deflection. The
arguments from example 5.1.1 are also valid for this example.
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5.2 Example: 5 layer continuous beam

5.2.1 Comparable calculation of a CLT-element with the
“Simplified Method”

For this comparison the example from the BSPhandbuch of the Institute for
timber construction and timber technology (Graz University of Technology)
was taken. The example shows a continuous beam with a five layers panel.
Dead loads and live loads have an effect on the system. With this comparable
calculation the strength and stiffness parameters will be examined. The
parameters for strength and stiffness are E1 for the Canadian example and
GLh24* for the European example. This assumption was made because of the
similar values in bending (see 5.5 “Comparison of the material”).

5.2.1.1 Calculation and comparison of the bending stress, shear stress
and rolling shear stress

Like in example 5.1 the stresses will be calculated and compared.

[ ¥ ¥ 1 T ¥ 1 3 T ) 3 ¥ lak

[ ¥ ¥ ¥ T ¥ ¥ 3 T ) 3 ¥ ] g0k

— 4.6m —_— 3.45m — 4.5m —_

Figure 42: Continuous beam with a width of 1m (CLTdesigner)

e Material: GL24h* or E1
® Service Class 1

Figure 43: Cross section of the CLT slab © Areas for domestic and

(CLTdesigner) residential activities
_ kN
t, > 34/22/34/22/34 * g1k =210/,
tar = 146mm e g, =200 kN/mZ
b =1000mm ¢ Lo = 4600mm

®  Xy—o =3970mm

Material E1 (ANSI PRG 320) Material GL24h* (BSPhandbuch)
“Simplified Method” “Simplified Method”

Predominant load combination:

Eq=@p*Ip*D +q@p*I*L

Due to the “Simplified Method” is interpreted for single span beams, the

internal forces will be calculated on a substitute single span with L=3.97m.
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[z.00

r2.10

3.97m

-
d
o

Figure 44: Load assumption for maximal moment [RuckZuck]

Mpax = 11.08kNm
Vinax = 11.16kN

Module of elasticity

Eomean = 11700N/,
Go,mean = 730N/mm2

G9O,mean =73 N/mmz

Eomean = 11600N/,
Go,mean = 720N/mm2

G9O,mean =72 N/mmz

n

i=1

Value of stiffness calculated with the Shear Analogy Method:

B
(El)eff=BA+BB=2Ei*bi*ﬁ+ZEi*Ai*zi2

=1

(E)ess = 2.62 + 102Nmm?
(GA) ey = 1.428 x 10’ Nmm?

(EDegs = 2.59 * 10'2Nmm?
(GA) s = 1.778 x 107 Nmm?

Bending stress

M
= max * 05 * htOt
eff

amax

11.08 = 10°
= —%%
2.24 %108

* 146 = 3.58

mm?

Lo (EDepr  2.62 %1012
ef = FE T 11700
=2.24%10 mm*

M
= max * 05 * htOt
eff

amax

11.08 = 10°
= —%%
2.24 %108

* 146 = 3.58

mm?

, _ (EDepr 259 %1012
ef = FE T 11600
=2.24%10 mm*

Shear stress

Maria GUGGENBERGER
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T _ 3% Vinax . Igross r _ 3% Vinax . Igross
T2 Lepp* Agross M2 epp * Agross
3%11.16 * 103 * 2.59 + 108 _ 3%11.16*10% x 2.59 = 108
T 2%2.24+108 « 146 1000 T 2%2.24 %108 « 146 * 1000
N —0.13_"
=0.13—; =0.13——3

Rolling shear stress

Tgmax = 0.13 Tgmax = 0.13

mm? mm?

The calculation of the stresses remains the same due to the elimination in the
equation of the bending stiffness.

5.2.1.2 Verification according “Simplified Method” and model “BSP-
Graz”

With the same parameters the ULS and SLS verification will be cited.

Verification

Combination factors:

@; = 1.0; Ip = 1.25; I, = 1.50

Value of strength

f, = 28.2 N/mmz fmcitke = Ki* fmgitk N= 1.1 %24
fe=193N/ . =264N/
— N
fv =15 /mmz fv,clt,k = 3.0 N/mmz
— N
fs =05 /mmz fs,clt,k = 1-25N/mm2
Bending
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Fy = fp(KpKyKspKr)
= 28.2
*(1x1x1%1)

=282N/ .

_ (EDesy 2,62 % 10"
ef T E T 11700
=224%10 mm*

less
r > 0.5he;

= 0.9 x 28.2
2.24 % 108

* 0.5+ 146
— 77.87kNm

MT 2 Mmax
77.87kNm = 11.08kNm

ny = 14.12%

Fy = fp(KpKyKsp Kr)
= 26.4
*(1x1x1x1)

=264N/

_ (EDesy 259 % 10"
ef 7 E T 11600
=224%x10 mm*

less
r %" 0.5h;

=09x26.4
2.24 % 108

“ 705146
= 72.58kNm

Mr 2 Mmax
72.58kNm = 11.08kNm

Shear

Ly 224108

= = = 0.86
Igross 2.6 x 108
E, = fv(KDKHKSvKT)
=1.5
*(1x1x1%1)
_ N
— 15N/

losr  2.24% 108

c= = = 0.86
Ijross 2.6 * 108

E, = fv(KDKHKSvKT)
=3.0
*(1x1x1x1)

=30N/
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2A ross( Ieff ) 2A9T055< Ieff )
V, = ¢F, —L= L V. = ¢pF, —L = =
’ v 3 Igross " v 3 Igross
09x1.5 ! 09 x3.0 1
=09%1.5x— =0.9%3.0%x—
1.5 1.5
* (1000 * 146) * * (1000 * 146)
* (0.86 = 113.00kN * (0.86 = 226.00kN
Vr‘ 2 Vmax Vr 2 Vmax

113.00kN = 11.16kN

226.00kN = 11.16kN

Rolling shear
V.. = ¢F 2Agross Ieff V.. = (I)F 2Agross Ieff
T v 3 Igross ST v 3 Igross
1 1
=09%05+— =09%*1.25%x—
"U s TS
* (1000 * 146) * * (1000 = 146)
* (0.86 = 37.67kN *(0.86 = 94.17kN
Vs,r = Vmax Vs,r = Vmax
37.67 = 11.16kN 94,17kN = 11.16kN
Nys = 29.20% Nys = 11.68%
Deflection
— — — — — { T — — 1 Wc 3
ﬁh‘-‘“ﬁh__ Winst ,f”PA 1 wy,
~ T~ ; ~ Whet fin "
T — _'creep y —— h Y
3 £
B
Figure 45: Definition of deflection according [4]
@; = 1.0 ¢; =10
I, =10 I, =10
I,=1.0 I,=1.0
kdef = 090 kdef = 090
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Eq=@p*Ip*D +q@p*I*L Eq=@p*Ip*D +q@p*I*L

qp =1.0%(1.0%2.1) =2.1kN/ | qp =1.0%(1.0x2.1) = 2.1kN/,

g, =1.0%(1.0%2.0)=2.0kN/, | ¢, =1.0%(1.0%2.0)=20kN/,

5 qL* 1 ql%k 5

+ gL’ + 1
= * — %k = — % —_
mAX T 384 (EDerr 8 (GA)ess Umax = 384 (EDosr 8
qlL?k
*
(GA)eff
4
W p = 239707 1 5 21%3970* 1
D 7384 262x102 ' 8 Unax,p = * Zz T3
1239707 % 1.2 D T 384 259+1012 ' 8
: AP : 2.1 %3970% % 1.2
*
2 9am = L 1.778 % 107
' inst,p = 2.90mm
= U;
5, 20+3970° 1 mst.p
Umax,L = * 12 7' q
384 2.62 %10 2 8 5 20+3970% 1
20%39702%12 | Umaxl =3g2%*>=9, 1012 T 8
7
1428 «10 2.0 *3970% * 1.2
= 2.8mm = Unst 01 1.778 * 107
L ) 3970 ) =2.76mm
Umax,L < % = m =11.03 = Uinst,Q1
Tw = 26.38% L 3970

umax,L <

Nw = 25.02%

Umax,tot = Umax,D + Umax,L Umax,tot = Umax,D + Umax,L

=294+ 2.8 =29+2.76
= 5.74mm = 5.66mm
L 3970 L 3970
Umax,tot < m = m = 16.54 Umax,tot < m = m = 16.54
= 34.70% e = 34.2%
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Creep

Ufinp = uinst,P(l + kdef) =
2.94(1+4+ 0.9) =5.59mm

Ufin Q1 = uinst,Q,1(1 + l/)2,1/!%1«:,‘) =
2.8(1+0.3%0.9) = 3.56mm

Ufin = Urinp T Ufing = 150

Ufin = Ufin,p + Usin,Q = 9.14mm

Creep

Ufinp = uinst,P(l + kdef) =
2.9(14+0.9) =5.51mm

Ufin Q1 = uinst,Q,1(1 + l/)2,1/!%1«:,‘) =
2.76(1 + 0.3 % 0.9) = 3.51mm

Ufin = Ufinp T Ufing = 150

Ufin = Ufinp + Using = 9.02mm

L _3970 L _3970
=150 150 =150 150
= 26.47mm = 26.47mm

Nw = 34.53% Ny = 34.07%
40,00
35,00

X 30,00

s

F=] 25,00

2

z 20,00 m CAN

3

k] 15,00 EEU

£ 1000 -

8

5,00 - L
0,00 -
nM nv nVv,s nw

Diagram 5: Comparison of the results from the calculation according the ,,Simplified Method“

with different parameters

The comparable view on the parameters demonstrates good agreements for

bending and deflection.

The verification of shear shows strong differences. This affects because of the
very different values of shear strength (f,can- 1.5 N/mm? and f, g eu= 3.0
Nmm?) and rolling shear strength (f,canv= 0.5 N/mm? and f, gwev= 1,25

N/mm?2).
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5.2.2 Comparison of the calculation methods between the
“Simplified Method” and model “BSP-Graz” with the same
parameters

Another comparable view was made on the “Simplified Method” and the
model “BSP-Graz” (Timoshenko). For the example the material E1 of the
Canadian Standard PRG 320 was chosen.

The boundary conditions are defined as before from the BSPhandbuch of
Institute for timber construction and timber technology (Graz University of
Technology). It is a continuous beam with a five layers panel. Dead loads and
live loads have an effect on the system.

[ ¥ ¥ ; I ¥ ; 3 T ) ) 3 ] gk
[ ¥ ¥ 3 T ¥ 3 3 T ) ¥ ¥ 1 00k

— 4.6m —_——— 3.45m ———— 4.5m —_—

Figure 46: Continuous beam with a width of 1m (CLTdesigner)

e Material: E1
e Service Class 1

Figure 47: Cross section of the CLT slab © Areas for domestic and

(CLrdesigner) residential activities
tor = 146mm ®  OGkceiling = 2-10kN/m2
b = 1000mm o q.=200KN/ ,

®  Lax = 4600mm
® Xy—o =3970mm

“Simplified Method” Model “BSP-Graz” (Timoshenko)

Combination factors:

0, = 1.0 kog = 0.8
I, = 1.25 Ve = 1.35

Predominant load combination:

Eq=@p*Ip*D +q@p*I*L EdzyG*gk,ceiling+yQ*qk
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Ed b bbby oy poyoam200 W i
g = 2,10 kN/m

EEEREEREEEENEEENEREEERERERE

4
Y

Figure 48: Load assumption for maximal moment [6]; g - dead load, q - live load

Internal forces calculated on a single | Internal forces calculated on the
span beam with a length of 3.97 m continuous beam

Mo = 11.08kNm Mpax = 11.36kNm

Apax = 11.16kN Apax = 11.51kN

IENEEFEEITEEEEED g Wi

g = 2,10 kN/m

EINEEEENEEENEE NN R NEEEEEN

A
\

Figure 49: Load assumption for maximal shear force [6]; g - dead load, q = live load

Vnax = 11.16kN Vinax = 15.85kN

Value of strength

— N /v
fb 28.2N/mm2 fm,clt,d =k * kmodﬁ
fe=193%/ 1 m2 s 0. 282

= 1.1 % U.Y *
fo=15N/ 1.25

_ N
fi=0sN/ =2232N/

feo 19.3
fc,clt,O,d = kmodyC_M = 0.9 * 175
=139N/

fo 1.5
fv,clt,d = kmodﬁ =0.9* 135

=108N/
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fs 0.5
fs,clt,d = kmodﬁ = 0.9 * 175
=036N/

Module of

elasticity

Eomean = 11700N/ ,
GO,mean = 730N/mm2

G9O,mean =73 N/mmz

Eomean = 117000/,
Go,mean = 730N/mm2

G90,mean =73 N/mmz

ES « t [mm] /
5 0 Eg Gp 34 | | " -
4 90 Egg Ggg 22 = [ 5 56
3 0 Ey Gy 34 13 -V, ... ._
Y = | 28
2 90 Ego Ggo 22 & < 56
1
Eq G
T 0 B G 34 ):
I
Figure 50: Definition of the laminated cross section [6]
Value of stiffness calculated with the
Shear Analogy Method: Kae = ZUI *Ey)

(El)eff = BA + BB

n 3
=2Ei*bi*ﬁ
=1

n
+2Ei*Ai*zi2
i=1

(ED¢ss = 2.62 % 1012 Nmm?

2

GA)prr = = =
( )eff - hq -27.1—1 hi i hn
2+Gy+by <=2 Gyxb; ' 2+Gprbp
1122 |
[ 34 ( 2522 34 ) 34 ] 7
2%730%1000 ' \73%1000 ' 2+730+1000/ ' 2%¥730%1000

1.428 « 10N

343
Ko = 3% 1000+ —

* 11700 + 2

* 1000 * 34 * 562
* 11700

= 2.62

* 1012 Nmm?

Sges = Z(Gi * by x t;)

S

Jes = 730 % 3 % 34 % 1000 + 73

* 2% 221000
=7.77 *10’N

k = 0.258
Seie = Sges *K

S = 7.77 * 107 % 0.258
=2.00 % 107N

Verification

Maria GUGGENBERGER
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Bending

toit

Figure 51: Normal stress Omax=Ocdge,d [6]

Fy = fp(KpKyKsp Kr)
= 28.2
*(1x1x1x1)

=282N/ .

o EDepy 262 10'?
er T F T 11700

less
0.5h,;
= 0.9 * 28.2
2.24 % 108

“ 705146
— 77.88kNm

M, = ¢ * Fp, *

M, 2 Mgy
77.88kNm = 11.08kNm

ny = 14.23%

=224%10 mm*

aedge,d _ 3.70

Mg ti
Ocdge,d = E * (ei + E) * E;
clt

1136+ 10 146

T 262+1012 2
«11700

=3.70
mm?

=0.16 <1.0

fm,clt,d B 22.32

Shear
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Figure 52: Shear stress Tya,=Ty,q4 [6]

Ly 2.24%10%
Igross  2.62 % 108

0.85

E, = fv(KDKHKSvKT)
=1.5
*(1x1x1%1)

2A 1
V. = &F gross eff
" ¢ v 3 Igross

1
—09%15%—
YT

% (1000 * 146)
x0.85 = 111.69kN

Vi 2 Vinax
111.69N > 11.16kN

= Vmax,d * Z(Sm * m)
vhd Kclt * bi

_ 1585x10°

T 2.62 %1012 % 1000

* <11700 * 34 %1000 * 56

172
+ 11700 * 1000 * >

= 0.145

mm?

Tv,max,d _ 0. 14’5
fv,clt,d 1.08

=0.13<1.0

Ny = 13.43%

Rolling shear

2A 1
= M)
gross

1

= 0.9%05%—
0TS

+ (1000 * 146)

* 0.85 =37.23kN

Vs,r 2 Vmax
37.23kN = 11.16kN

Nvr = 39.97%

Vmax,d * Z(Sm * m)
Kclt * bi
15.85 % 103

T 2.62 %1012 x 1000
+ (11700 * 34 + 1000 * 56)

Tsid =

=0.135——
mm
. 0.135
smaxd _ =0.38<1.0
fs,clt,d 0.36
N, = 37.5%
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Eq=@p*Ilp*D+ @+ *L
qp = 1.0 % (1.0x2.1) = 2.1 kN/

q, = 1.0 x (1.0 x 2.0) = 2.0kN/,,

5 qL* 1 ql%k
u = * + =%
max = 384 Elers 8 (GA)ess

5 21x3970* 1

Umaxd = 360 * 767+ 1012 T 8
2.1 %3970% % 1.2

1.428 = 107
=2.94mm = U p

5 2.0%3970% 1

Umaxl = 382% 362+ 1012 | 8
2.0 %3970 + 1.2

1428 = 107

= 2.8mm = Ujps 01

L _3970
Umaxl S 360~ 360
My = 26.38%

Comparison
deflection
— — T T i Il — ) i
—_— — ‘1!’ WC
ﬁ:\h“"-_.____‘ Winet __._..-ﬂ’}’;z N 4 W,
""‘--..:-“‘_—‘_" ______ /‘:_ - Woet,fin "
~— creep y _— vy Y
£
B >
Figure 53: Definition of deflection [4]
@; =1.0 Y6 =Vo =10
I, =10
kde - 085
I, = 1.0 4
Kaer = 0.90

The calculation of the deflection was
made with the software RStab.

Permanent load field 1

Winst,G =3.12mm

Variable load field 1

Winst,Q =3.51mm
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Umax,tot = Umax,p T Umax,L

=294+28
= 5.74mm
L 3970
Umax.tot < m = m = 16.54
Nw =34.7%
Creep

Ufinp = uinsi:,P(1 + kdef) =
2.94(1+ 0.9) = 5.586mm

Urino1 = Uinst.01 (1 + Yo 1Kaer) =
2.8(1 + 0.3 % 0.9) = 3.556mm

Ufin = Urinp + Uring = 150

Ufin = Urinp T Using = 9.142mm

L 3970
<— ="
— 150 150
=26.47mm

N = 34.53%

Creep

Winst,Q,perm - l/)2,1 * Winst,Q
=0.3%3.51
= 1.05mm

Wcreep = (Winst,G + Winst,Q,perm)
* kdef
= (3.12 + 1.05)
* 0.85 = 3.54mm

Winst = Winst,G + Winst,Q

L
= 6. < —
663mm_300

Nw = 36.03%

Wfin = Winst + Wcreep =10.17mm
L 4600

< =
— 150 150
=30.67mm

Nw = 33.16%

Whet,fin = Wrin — We = 10.17mm
L 4600
< =
250 250
= 18.4mm
Nw = 55.27%
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60,00

50,00
X
§ 40,00
Ed
2
E 30,00 | "Simpl.Meth."
g
o W BSP-Graz
o 20,00
S
£

N, :' '

0,00 -

nM nVv nv,s nw

Diagram 6: Comparison of the results from the calculation according the ,Simplified Method“
and the model ,,BSP-Graz“ with European parameters

At this results stand out that the deflection is more conservative according to
the model BSP-Graz. This difference occurs because of the different limit
states for the verification of deflection which are significant for this example.
Predominant is the verification of vibration.

5.3 Summary of the results from the examples

The calculation above shall demonstrate how the parameters behave during a
design procedure and how the methods of the guidelines have an influence
on the verification.

First it can be observed that the results of the comparison of the methods
show similar values in all examples. The European verification of bending
shows higher factors of utilisation as the Canadian approach. The verification
of shear demonstrates good agreements in example 5.1 (single span beam).
However the Canadian results of shear verification show little higher factors
of utilisation. Also in example 5.2 (continuous beam) the Canadian shear
verification has a higher factor of utilisation.
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This may occur due to the European calculation with design values, which is a

more critical procedure than the use of the Canadian resistance factor ¢.

The European verification of deflection shows good agreements in example
5.1.1,5.1.2 and 5.2.1. In example 5.2.2 and 5.2.3 great differences appear for
the verification of deflection. During the calculated values of deflection
between the guidelines don’t differ that much, the limits vary within the
proposed design procedures. Due to this limit states different load
combinations are significant.

Further the material parameters shall be compared. The verification of
bending demonstrates higher factors of utilisation for Europe. This occurs due
the higher values of the Canadian bending strength and stiffness parameters.
The Canadian rolling shear in example 5.2.1 and 5.2.3 shows high factors of
utilisation. The reason lies in the low rolling shear strength of the used
material from ANSI PRG 320.

Note: Under the subtitle “Comparison of the material” will be explained why
the material GL24h* and E1 were chosen and compared.

Furthermore must be mentioned that the Canadian Standard is interpreted
for single span beams. Therefore the results of example 5.1 agree more with
the European approach then in example 5.2.

5.4 Comparative view on the influence of the
stiffness parameters between Timoshenko
and Shear Analogy Method

Table 23 contains a listing of factors of utilisation according a calculation with
the theory of Timoshenko and the Shear Analogy Method. The calculation
was made with the CLTdesigner. The boundary conditions are given by the
example of the BSPhandbuch (see figure 55).

The differences in the calculation are created by strength and stiffness
parameters taken one time from the BSPhandbuch and another time from
the ANSI PRG 320.
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Proposed values of BSPhandbuch Values of ANSI PRG 320
e Material: GL24h* e Material: E1
e Service Class 1 e ServiceClass 1
e Areas for domestic and|e Areas for domestic and

residential activities
*  Gieceiting = 210KN/
o qc=200KN/ ,
®  Lax = 4600mm

residential activities
®  YGkceiling = 2.10 kN/mZ
o q.=200KN/ ,

®  Liax = 4600mm

CLT Cross section (CLTdesigner)

ti > 34/30/34/30/34
tor = 162mm
b =1000mm

[ 3 3 ¥ T ¥

¥ ¥ T ¥ ¥

¥

] ak

[ 3 ¥ ¥ T ¥

¥ L3 T ¥ 13

¥

] a0k

— 46m —*—— 345m

Figure 54: Geometric data for the calculation

EU CAN
% Timosh. |SAM Timosh. SAM
Bending Nm 15.70| 19.50 13.30 17.1
Rolling shear Nv.s 11.9 9.7 29.90 24.0
Deflection Nw 38.90| 38.90 39.3 39.2
Vibration fulfilled | fulfilled | Fulfilled fulfilled
Fire: bending N fi 6.70 6.40 5.70 5.6
Fire: shear Nvfi 4.2 3.70 10.50 9.1

Table 23: Comparison of Timoshenko and Shear Analogy Method

—>e———— 45m ——

An aspect of the comparison is the difference between the methods

(Timoshenko — Shear Analogy Method) itself. Bending and shear deviate from

each other, during the results of deflection behaves similarly. It stands out

that the factor of utilisation for the verification of bending is according the

Shear Analogy Method more conservative, during the verification of shear

shows lower factors of utilisation. This occurs due to the peak stress on the

supports.
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The following diagrams demonstrate the numbers as a bar chart.

comparison: Timoshenko with
parameters from CAN and EU
60,00
H Timosh. EU
__ 50,00
X lTimOSh
§ 40,00 A
% 30,00
=)
5
§ 20,00
0,00 - -
nM,fi nv,fi

Diagram 7: Comparison of the calculation according Timoshenko with parameters form the
Canadian and European Standard

comparison: Shear Analogy Method
with parameters from CAN and EU
60,00

< 50,00 u SAM EU

S m SAM CAN

§ 40,00

% 30,00

=)

5

5 20,00 -
0,00 - - l

nM,fi nv,fi

Diagram 8: Comparison of the calculation according the Shear Analogy Method with
parameters from the Canadian and European Standard

where: Factors of utilisation according:
Nm...  bending moment
Nyv...  shear force

Neoo-.- Lateral pressure
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N deflection
Nmfi-..  bending moment under fire
Nvg... shear force under fire

The degree of utilisation in bending is higher for the calculation according the
European parameters. The verification of shear is more conservative for the
Canadian parameters. This can be explained by the low values of the shear
strength.

5.5 Comparison of the material

In this section shall be explained why the material E1 and GL24h* for the
comparison was chosen.

The following table contains the material parameters for the CLT-grades E1
(ANSI PRG 320) and GL24h* (proposed in BSPhandbuch). The table also
includes the bulk material for GL24h*, named C24. The CLT-grade E1 contains
in longitudinal direction the material 1950f-1.7E spruce-pine-fir lumber and in
transversal direction the material No. 3 spruce-pine-fir lumber.

E1 [N/mm?] GL24h* [N/mm?] C24 [N/mm?]
1950f-1.7E No.3

foo 28.2 7.0 | fix 24.0 24.0
fo 19.3 9.0 | foox 24.0 21.0
fes0,k 53 5.3 | feook 2.7 2.5
foo 15.4 3.2 | foox 16.5 14.0
frook 0.5 0.5 | froox 0.5 0.4
foo 15 15 | for 3.0 2.7
.o 0.5 0.5 | fx 1.2 1.0
Eo05 9667.0 7333.0

Eo 11700.0 9000.0 | Egmean 11600.0 11000.0
Eqo 390.0 300.0 | Egomean 0.0 370.0
Gy 731.3 562.0 | Gomean 720.0 690.0
Ggo 73.1 56.2 | Goo,mean 72.0 69.0

Table 24: Material grade for E1, GL24h* and C24

Page 92




study research engineering test center

The parameters for bending strength and bending stiffness are similar for
1950f-1.7 and GL24h*. This was the main reason of the comparative
calculation in the examples 5.2. Neither the parameters for tension and
pressure aren’t very different.

The values of the Canadian shear strength are much lower as the European
approach. Therefore a conservative shear design was to expect.

Also from table 24 is to observe that only the values for bending strength,
bending stiffness and shear stiffness (1950f-1.7 and GL24h*) are higher on
the contrary to other values.
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CHAPTER

6.CONCLUSION

6.1 Résumé

The beginning of this master thesis deals with the basis of the design of wood
constructions according the Canadian and European standards. During this
procedure the safety concept was examined. It stood out that the Canadian
load combination factor for dead loads lies on 10% under the European
factor. The partial safety factors or importance factors are also different to
the European approach: during the European factors depend on the use of
the building the Canadian values are defined with 0.5 for live loads and snow
loads and 0.4 for wind loads.

The design methods according the Canadian CLT-Handbook of FPInnovations
and the BSPhandbuch of the Institute of Timber Engineering and Wood
Technology (Graz University of Technology) were examined. More exactly the
“Simplified Method” according the Shear Analogy Method in the Canadian
CLT-Handbook was observed. For the European approach the theory of
Timoshenko and the Shear Analogy method were examined.

Further a parameter study was made. The above proposed methods and the
parameters of the European (proposed in BSPhandbuch) and Canadian
strength and stiffness values were compared. For this several examples were
calculated.

Within the comparison of the methods it was demonstrated that due to the
design values of the European safety concept a more critical design
procedure is available. Further the calculation of the bending stress and the
shear stress shows good agreements.

During the comparison of the material in the ULS verification stood out that
the Canadian bending parameters are a little higher than the European
values. Therefore a lower factor of utilisation in the calculation of verification
is to expect. The Canadian rolling shear properties are much more lower in
relation to the European approach. However the shear parameters (shear
parallel to grain) come closer to the European values.
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In the SLS verification it was to observe that the calculation of the deflection

reveals similar results. Due to the limits for the verification of deflection vary
within the design guidelines different combinations are significant. Therefore
the factors of utilisation of the verification may not agree.

The Canadian and European verification of vibration depends on the
frequency and the static deflection under a 1kN load. In addition the
European values depend also on the acceleration of vibration. From the
equations of the frequency and the static deflection the CLT-Handbook gives
away a formula to limit the length of the panel to verify the vibration. The
European verification limits the frequency, deflection and the acceleration of
vibration by limit states of DIN 1052, EN 1995-1-1 and according

Hamm/Richter.

Overview of the difference of the design methods

Here a summary of the calculation and design procedures shall be presented.
Therefore the keywords of the Canadian and European proposed methods
were confronted. With this listing a quick overview on the calculation and
design guidelines shall be demonstrated.

Canadian Method

European Method

For the verification the internal
forces with the resistance forces are

compared

For the verification the stresses with
the
compared

strength  properties  are

Use of resistance factor ¢ and K-
factors

kmoa: includes qualities of service
conditions and long term duration;
other k-factors; ym

Combination factor for dead load
1.25

Combination factor for dead load
1.35

Use of importance factors

Partial system {;

for bending

lower in

Values of strength:

higher and for shear

relation to the European approach

Values of strength: for bending lower
and for shear higher in relation to
the Canadian approach

Calculation of the stiffness for
verification according Shear Analogy

Method [(El)ets (GA)es]

of the stiffness for
verification with Ky and Sq: or with
Shear Analogy Method (El)actr, (El)gest

and (GA)g ef

Calculation

Calculation of deflection only valid
for simple beam under uniform load

Different methods to calculate

deflection (Timoshenko ecc.)

Maria GUGGENBERGER
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Conclusion

Two options for Creep: |) suitable
KD, KS factor,
reduced; Il) like Europe proposal, but
different kyer

rolling shear G

Creep: kye=0.85 for Service Class 1
and kges=1.1 for Service Class 2

Vibration: limiting of the element
length (in dependence of frequency
and static deflection)

Vibration: limiting of the frequency,
limiting of the deflection and limiting
of the acceleration of vibration

When theory according SAM:
internal forces according beam
theory

When SAM:
internal forces for beam A and beam
B

theory according

Simplified Method: Addition of
stiffness of the two beams ((El)aesr +

(EI)Beff)

Shear Analogy Method: Separate
calculation: Addition of stresses

Table 25: Comparison of the design methods in Canada and Europe
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6.2 Future works

The future prospects for FPInnovations are to work on the Canadian CLT-
Handbook. In general the Chapter 8 for fire will be updated. For that and to
improve the Canadian Standard more experiments will be done.

Also cooperation with the USA is underway. FPInnovations will produce a CLT-
Handbook for USA in cooperation with partners from USA.

The research for timber construction in Europe is aimed to create a Eurocode
conform standard for CLT. Therefore the Institute for timber construction and
timber technology and the competence center holz.bau forschungs gmbh is
working on a series of experiments. Furthermore a standardisation of CLT-
products for architects, engineers and carpenters is planned.
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