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Timber — Strength Classes

Table 1 — Strength classes - Characteristic values

Poplar and softwood species
C14 |C16 | C18 | C20 | C22 | C24 | C27 | C30 | C35 | C40 | C45 | C50
Strength properties (in N/mm®)
Bending N 14 |16 |18 |20 [22 an NERERERCEERER
Tension parallel fron 8 |10 |11 |12 |13 [14) |16 |18 |21 |24 |27 |30
Tension perpendicular | 5., |04 |05 |05 (05 |05 [05)|06 |06 |06 |06 |06 |06
Compression parallel feon 16 17 18 19 |20 |21 22 |23 |25 |26 |27 |29
Compression feo0x 20 |22 |22 |23 |24 |25 |26 |27 |28 |29 |31 |32 f =
perpendicular o v,k
1,7 |18 |20 |22 |24 @ 28 [30 |34 |38 |38 [38 <«—
Shear Fox 1/'IOfmk
Stiffness properties (in kN/mm<)
Mean modulus of Eomemn 17 18 19 [95 |10 |11 [115[12 |13 [14 [15 |16
elasticity parallel
5% modulus of elasticity
parallel Eoos 47 |54 |60 |64 |67 |74 |77 |80 |87 |94 |10,0]107
Mean modulus of Esomesn [0,231027/030|0,32|0,33|037|0,38|0,40|0,43|0,47|0,50 | 0,53
elasticity'perpendicular
Gingan 044 |05 |056 (059|063 069 |0,72|0,75]10,81|0,88|0,94)1,00
Mean shear modulus

[EN 338]
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Double tapered, curved and pitch cambered Beams

Distribution of Tension Perpendicular to Grain Stresses
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Double tapered, curved and pitch cambered Beams

Distribution of Shear Stresses
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Double tapered, curved and pitch cambered Beams

Distribution of high Shear and Tension Perpendicular to Grain Stresses

Interaction
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Double tapered, curved and pitch cambered Beams

Brittle materials — Size Effect

»~A member under tension stress is only as strong as the weakest link”

The strength of a brittle material is a function fi [V,
of its volume under uniform stress. f; 4
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Double tapered, curved and pitch cambered Beams in EC b5
6.4.3 Double tapered, curved and pitched cambered beams

(6) In the apex zone the greatest tensile stress perpendicular to the grain, .04, Should satisfy
the following expression:

Tiona = Kais Kvo frong (6.50)
with
[1,[} for solid timber
Koot = f 1, for glued laminated timber and LVL with (6.51)
L?J all veneers parallel to the beam axis
ey, = {'1,4 for cli:ruble tapered and curved beams (6.52)
1.7 for pitched cambered beams
where:
kg is a factor which takes into account the effect of the stress distribution in the apex zone;
frool is a volume factor:

fioo.d is the design tensile strength perpendicular to the grain;
Vo is the reference volume of 0,01m?;

V is the stressed volume of the apex zone, in m?®, (see Figure 6.9) and should not be
taken greater than 21,/3, where I, is the total volume of the beam.
[EN 1995-1-1:2004; 6.4.3, p. 48ff]
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Double tapered, curved and pitch cambered Beams in EC b5

6.4.3 Double tapered, curved and pitched cambered beams

(8) The greatest tensile stress perpendicular to the grain due to the bending moment should be
calculated as follows:

o g
T o0d k P 5 hfp (6.54)
where:
P Is the uniformly distributed load acting on the top of the beam over the apex area;

h s the width of the beam;
M,.qa is the design moment at apex resulting in tensile stresses parallel to the inner curved

edge;
with:
j )
ky=ks+ ;;EL ap |, ;f;t ““W )
I | ' ;
ks =0,2 tanga,, (6.57)

ks =0,25 - 15 tana,, + 2,6 tan’q,, (6.58)

]'I

ky =21 tane,, - 4 tan’¢ (6.59)

ap ap

[EN 1995-1-1:2004; 6.4.3, p. 48ff]
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Double tapered, curved and pitch cambered Beams in EC b5

6.4.3 Double tapered, curved and pitched cambered beams

(1)
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Double tapered, curved and pitch cambered Beams

Strengthening Measures

Self-tapping
screws with
continuous
threads or
threaded
rods

Plywood /
Laminated
Veneer
Lumber
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Double tapered, curved and pitch cambered Beams

Strengthening Measures — Screws or threaded Rods
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Double tapered, curved and pitch cambered Beams

Strengthening Measures — Plywood / Laminated Veneer Lumber
glued to Timber Member

\é/ \ér Strengthening measures (screws /

’N | plates) should be designed to carry full
| | tension perpendicular to grain stresses
,V | and should cover the entire area under
tension perp. to grain stresses (curved
area)

/
L
[
E—
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Moisture Conditions

T ':unﬂ-"'T-' -i d
lce-rink arena Gymnasmm Wlth skyllghts
(Ingolstadt, MPA BAU) (Benediktbeuern, MPA BAU)
’ j— 20 mm j— 10 mm
=251 % | =7,6%
I | 55 mm J 70 mm
189 % = 10,5 %
I 95 mm I 120 mm
_ 0 = 11,7 %
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Moisture Conditions — Cracks caused by Shrinking

In Glulam Beams — Crack Distribution enabled
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Moisture Conditions — Cracks caused by Shrinking

In Glulam Beams — Crack Distribution enabled

(Benediktbeuern, MPA BAU)
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Moisture Conditions — Cracks caused by Shrinking

In Combination with Fasteners — Crack Distribution impeded

(Feldkirchen, Prof. Winter)

> reduction of applicable strength values or cross sections by e.g. k_,
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Notched Beams

Picture: Prof. H. BlaRR, TH Karlsruhe
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Notched Beams in Concrete

flacher Rif}
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dk:% / el 3 7 .uzy | tensile strength
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Fritz Leonhardt, Vorlesungen Gber Massivbau
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Notched Beams in Timber

iy
~ Nwo
10 <f,,, <21 [MN/m?]
ff.‘)ﬂ
0 =
. . . 0° 90° o
— Tensile strength changes with varying .
angle between load and grain
fr o0 = 1307, o4
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Notched Beams in Timber
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Notched Beams in Timber — Constructive Measures

A
O; 90!
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Notched Beams in Timber

6.5 Notched members

6.5.2 Beams with a notch at the support

It should be verified that

15V _
=" < kf,. 6.60
b wua (6.60)

ere k, is a reduction factor defined as follows:
For beams notched at the opposite side to the support (see Figure 6.11b)

k., =10 (6.61)

W

For beams notched on the same side as the support (see Figure 6.11a)

ky = min , (6.62)
AL
n \/Z

\/E[,/am-a)w,e% 1-,;,2}

(24

[EN 1995-1-1:2004; 6.5.2, p. b2ff]
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Notched Beams in Timber

6.5 Notched members
6.5.2 Beams with a notch at the support

where:
i is the notch inclination (see Figure 6.11a);

f is the beam depth in mm;

X Is the distance from line of action of the suppr.:rt reaction to the corner of the notch;
h

el

h

o=

J4,5 forLVL
5 for solid timber
15,5 for glued laminated timber

By

¥ £

(6.63)

* hc['l

L J

1
» X T

= -

ith - h,)
[EN 1995-1-1:2004; 6.5.2, p. 52ff]
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Notched Beams in Timber — Strengthening Measures
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\ Example of reinforcement in concrete structures

pEs
Q“o‘» \}8 Strengthening measure /
! A - reinforcement by self-tapping
: Ne screws with continuous
/% 5 thread
o
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Notched Beams in Timber — Strengthening Measures

Strengthening measure /
reinforcement by glueing
plywood / LVL to the sides of
beam, glueline pressed by
screws
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Cross Connections

Pictures: Prof. H. Blal3, T-I:I Karlsruhe
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® — Pure Compression (F)

Perpendicular to Grain

F.=F

c

; (- and Compression ;
r Perpendicular to Grain
E FC = 1_,7*F; E
; \ 5
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Cross Connections — Influences on load-carrying Capacity

A AA
3% K :
d, Q‘\N
| ™
s T
Qcu... LT
e o o ﬁ?
-

Load-carrying capacity depends on stressed volume and stress
distribution / stress peaks and is therefore influenced by:

e Ratio between distance b, and beam depth A

e Fastener spacing in grain direction / length a,

e Penetration thickness ¢
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Cross Connections

8.1.4 Connection forces at an angle to the grain

(3) For softwoods, the characteristic splitting capacity for the arrangement shown in Figure 8.1
should be taken as:

Fou = (8.4)

where:
p W, 0,35

. max+ | 1 UDJ forpunchedmetalplate fasteners (8.5)
1

|1 forall other fasteners

and:

Foork is the characteristic splitting capacity, in N;

W is a modification factor;

b, is the loaded edge distance to the centre of the most distant fastener or to the edge of

the punched metal plate fastener, in mm;

h is the timber member height, in mm;

h is the member thickness, in mm;

Wl Is the width of the punched metal plate fastener parallel to the grain, in mm.

[EN 1995-1-1:2004; 8.1.4, p. b9ff]
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Cross Connections

8.1.4 Connection forces at an angle to the grain

Ed

av
L 4 [ ]

A '

v,Ed,1 vEd.2 bl2  bl2
>

« > 4 » b «

[EN 1995-1-1:2004; 8.1.4, p. 59ff]

See also STEP C2 ,Tension perpendicular to the grain in joints”
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Cross Connections — Strengthening Measures

Self-tapping screws
with continuous thread

/l/
fad,c fad,t

|
7

critical area

L. 4. _L.] L./
: . _ Plywood / LVL,
% i
. . e ; — - glued, pressed by
T ‘ u "l screws
I Y Y anlu . L B/ =y
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Openings

Pictures: Prof. H. Blal3, TH Karlsruhe
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Openings
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Openings
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Openings - Constructive Measures

Place in center line of member, at distance from supports

>
>

Size — as small as possible (minimize reduction in cross section)

—0 O——c

Round openings or chamfered corners (avoid stress peaks)

» »
Ll Ll
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Openings - Strengthening Measures

/ \
Ny
AN VANENE
Chair of Timber Structures TECHNISCH_E
UNIVERSITAT

and Building Construction MUNCHEN




EN 1995 - Timber Structures Dipl.-Ing. Philipp Dietsch Eurocodes - Background & Applications
Tension Perpendicular to Grain 18th — 20 of February 2008, Brussels

Tension Perpendicular to Grain - Conclusion

e Tension perpendicular to grain strength very low
e Avoid tension perp. to grain stresses whenever possible
e Members with tension perp. to grain stresses are:

- Double tapered, curved and pitch cambered beams
- Notched members, members with holes or cross connctions

e Tension perp. to grain stresses also develop with changing
moisture content

e Possible reinforcements are: Self-tapping screws with
continuous thread, drilled or glued-in rods, plywood / LVL...

e Proposal: reinforcements should be designed to carry full tension
perp. to grain stresses (cracked tension perp. to grain zone)
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